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hydrochloride (2-Propanol, 1 -(Z-cvelohoxyiphenonyy-3 - [{ 1 -methylethyDaminod -,
hvdrochlonide CAS RN 58333-90-3), Hlestolol sulfate (Bonzoic acid, 2-fhare-,3-{{2-
{aminocarbonyDamine - - dimethylethyilammeF2-hyvdroxypropyl ester. (+3- sulfate {1 -1) {salt),
CAS RN RER44-73-9: metalol hvdrochloride (Methanesulfonamide, W-{4-1-bydroxgy-2-
{methviammopropyiiphenvll-, monchydrochionde CAR BN 7701-65-7), metoprolel 2-
Propanol, M4-(2- methoxyethvliphenoxy }-3-kmethyiethyllamino - CAS BN 37350-38-63,
metoprolol tartrate {such as 2-Propanol, H4-{Z-methoxyethyviphenoxy 3-3-{(3-
methyiethviiaminel-, e.g, Lopressor®, Novariis}, pamatolol sulfte (Carbamic acid, {2-[4-2-
hydroxy-3-[(~ methyilethvDaminopropoxytiphenyii-ethyl |, methyvi ester, (&) sulfate (salt} (2.1},
CAS RN 59954-41-7), penbuiolo] sulfate (2-Propanol, -2 cyelopentyviphenoxy -3-{1L1-
dimethvie- thyljaminod 1, {S)-, sulfate (2:1} (zalt), CAS BN 38363-32-5), praciolol {Acctamids,
M-[4-{2- hvdroxy-3-[{l-methyiethyaminof-propoxyphenvi]-, CAN BN 6673-35-4:) tiprenolol
hvdrochioride (Propancl, IH{t-methviethyDaming-3- 2-{methvithio}-phenoxyi-, hvdrochioride,
{2, CAS BN 39832-43-43, wolamolel (Benzamide, 4-2-{[2-hvdroxy-3-2-methyiphenoxy -
propyil amino} ethoxyll, CAS RN 38103-61-6), bopindolol, indenolol, pindsiol, propanoclol,
tertatolol, and tilisolol, and the like; calciim channed blockers such as besylate salt of amiodipine
{such as 3-gthvi-S-methyl-2-2-aminocthoxymethyl-4-(2-chlorophenyli-1 4-dibvdro--methyl-
3, 5-pyndinedicarboxylate benzenesulphonate, e.2.. Norvasc®, Plizery, clentiarem maleate {1,5-
Benrothiazepin-4{ 5Hi-one, 3-{scetvioxy)--chlore-5-| 2-{dmmothylammejothyl |2 3-dihvdro-2-
{d-methoxyphenyvl-{25-cis}-, {£-2-butencdioate {1 11} sceo also US4567195), isradiping {3,5-
Pyridinedicarboxylic acid, 4-{4-benzofurazanyly-L4-dihvdro-2.6-diracthyl-, methyl 1-
methylethyl ester, (z)-4(4d-bhenzofurazanyly- 1| 4-dihydro-2.6-dimethyl-3 3 -
pyridinedicarboxylate, see also LIS4466971); nimodiping {such a¢ is isopropyl {2- methoxyethyl)
1, 4~ diftydro -2,6- dimethyl -4- (3-nitrophenyl) -3,53- pyridine - dicarboxylate, eg. Nimotop®,
Bayer), felodipine (such as ethy! methyl 4-(2,3-dichlorophenyly-L4-dihvdre-2 6-dimethyi-3,5-
pyridinedicarboxylate- | e.g. Plendid® Fxtended-Release, AstraZencea LPY, nilvadipine (3,5-
Pyridhinedicarboxylic acid, Z-cyano-Ld-dihvdro-6-methyl-4-3-niropherny - 3-methyt 5-(0-
methylethyl) ester, also seo US3799934), nifedipine {such as 3, 8 -pyridinedicarboyyhoe acid L4~
dibydro-2, 6~-dimethyl-4-{ 2-nitropheny}-, duncthyl cster, ez, Procardia XLE Bxtended Release
Tablets, Plizer), diliiazem hydrochloride (such as L5-Benrothiarepin-4{5H)-one. 3-{acetvioxy)-
3[2-(dimethylaminoiethyvl]-2.-3-dibydro-2{4-methoxyphenyl)-, mwonohydrochloride, (+-cis., e.g.,
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Tiazac®, Forest), verapamil hydrochloride (such as benzeneacetronitrile, {alphad-[{3-112-(3.4-
dimothoxyphenyi) cthylimethylamino lpropyl] -3 4-dimcthoxy-{alphal-( | -moethylethyh
hyvdrochloride. e.g., Isoptin® SR, Knoll Labs}, tetodiping hydrochionide (3.5-
Pyridinedicarboxylic acid, 2-[{dimethylaminoymethy - [2-[ (18- 3 - dimethylethoxy)-3-on0- I
propenyliphenyl]-i4-dibydro-6-methyvi-, dicthyl ester, monobydrochloridey TAS BN 188788
03-4}, belfosdit (Phosphonic acid, [2-Q-phenoxy ethyly- 1.3 ~propane- divihis-, tetrabutyi ester
CAS RN 103486-79-9), fostedit (Phosphonie acid, [[4~{2-benzothiazolviiphenylimethyii-,
dicthyl ester CAS RN 73889-62-2), aranidipine, azelnidipine, bamidipine, bomdipine, bepridil,
cinaldipine, clevidiping, efonidipine, gallopamil, lacidipine, lemildipine, loreanidipine, monatepni
maleate {1 -Piperazminebutanamide, No(6, 11 ~dihvdrodibenzolb,eithiepin- 11 -vli-{4-
fluerophenyli-, {4}, t4)3-2-butenedioate (1 11} (3-N-{6.} I-Bihydrodibenzo(b.cithiep- in-l boyi}-4-
{n- flucrophenyi--piperazinebutyramide maleate (1 11} CAN BN 132046-06-1), nicardipine,
niseldiping, nitrendipine, manidipine, pranidipine, and the Hke; T-chasne! caleitm antagonists
such as mibefradil; angiotensin converting enzvme {ACE) inhibitors such as benazepril,
benazepril hydrochloride (such as 3-[{1-{ethoxyecarbonyl -3~ phenvl-{ 1 Srpropyviiamino}-2.3

A S-tetrahydro-2-oxo- 1 H - 1 <3 Sybenzazepine- 1 -acetic acid monshydrochloride, e.g..
Lotrel®, MNovartis), captoprii {such as {28 )3-mercapto-2- methylpropionyil-L-proling, e.g.,
Captopril, Myvlan, CAS RN 62571-86-2 and others disclosed in US4046889), coranaprit (and
others disclosed in US4452740), cetapril (alacepril, Dainippon disclosed in Hur, Therap. Res,
39:671 {'1986}; 4543 {1986}, cilazaprid (Hoffman-LaRoche} disclosed in ). Cardiovase,
Pharmacel. 3% (1987}, indalapril {delapril hvdrochloride {(2H-1,2.4- Benzothisdiazine-7-
sulfonamide, 3-bicycio[2.2. Thept-3-en-2-yI-6-chloro-3 4-dihydro-, |,1- dioxide CAS RN 2259
G6-3); disclosed in US4385051), enalapri {and othors disclosed in US437482%), enalopril,
enaloprilat, fosinopril, ((such as L-proline, d-cyvelohexyl-i-[{{Z-methyi- I{i-oxopropory}
prapoxy {d-phenybbutyl) phosphinyljscetyll-, sodium salt, e.g., Moncpril, Bristol-Myers Squibb
and others disclosed in UR4168267), fosinopril sodium {L.- Proline, 4-oyclohexy RS- 2-
methyvl-1~{I-ox~ opropoxy propor ), adapril, indotapit {Schering, disclosed 1 1 Cardiowasc,
Pharmacol. 5:643, 655 (1983}, lisinopril (Moerck), losinopril, moexipril, mocxipril bydrochloride
{3-Isoqunolinecarboxyhie acid, 2-H{25R2-11USy 1 {cthoryearbonyD-3-phenvipropyliammoj- 1 -
oxopropyil- 1 .- 2.3 d-teirahyvdro-6,7-dimethoxy-, monchydrochloride, (383 CAS RN B25886-52-
53, quinaptil, guinaprilat, ramdprid (Hoechssy disclosed in BEP 79022 and Curr, Ther, Res, 40:74
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{1986}, permndopr! erbumine {such as 25,3a8,7a8- 1 -[{(5)-N-{{(53- 1 -
Carboxybutylislanyhbexahydro™indolinecarboxvlic acid, 1 ~cthyl cster, compound with tort-
butviamine {1 (1}, e g, Aceon®, Solvay), perindopril {Servier, disclosed i Eur, 1 clin
Pharmacoel 31 5319 {18873}, quanipril {dicclosed in US4344949), spirapril (Schering, disciosed
in Acta. Pharmacol. Toxzicol 539 (Bupp. 5): 173 {1946}, tenocapril, frandolapril, zofencpril {and
others disclosed in US43169406), rentiapni! (fentiaprt], disclosed in Clin. Exp. Pharmacol.
Physiol. 130131 {1983}, pivopril, YS984, teprotide (Bradviinin potentiator BPP%a CAS RN
35115-60-7), BRL 36378 (Smith Kline Beecham, see EPROR22 and EP6066K), MC-R3R
{Chugai, see CA. 10272588y and Jap. I Pharmacol 40:373 (19863, CGS 14824 (Ciba-Geigy, 3-
{{1-cthoxvearbouy-3-phenyvi-(I8-propyviiamine -2 3,4 5~tetrahydre-2~0x~ o-1-(35 -benzazepne-1
acetic acid HUE see LK. Patent N, 218036143, CG6 16,617 {Ciba- Geigy, 35 [[{I5}-5-amino-b-
carboxvpentyljaming-2,3.4 - 5-fetrahydro-2-oxo-1H-1- benzazepine- 1 -cthanoic acid, see
1i84473575), Bu 44370 (Hoochst, sece Arzncimittelforschung 341254 (1985, R 31-2201
{Hoffman-LaRoche soe FEBS Lett, 165:201 (1984}, {i925 (Phax‘macoiogist 200243, 266
{1984y, WY-44221 (Wyeth, seo . Med. Cheom, 26:394 (198313, and those disclosed in
US2003006922 (paragraph 28}, US4337201, US4432971 { phosphanamidﬁtes’); neutral
endopeptidase inhibitors such as omapatrilat (Vanlev®), OGS 30440, cadoxatril and ecadotril,
fasidotril {also known as sladotrd] or alatrioprily, sampatrilat, mixanpril, and gomopatrilat,
ANETORE, ERAO30, and those disclosed in UBS362727, UKA366973, USS225401, {JS4722814,
USSZ23516, UB4749688, URSS352397, UBASG40E0, USS61235%, USS5525713, EPO599444,
EPG481522, EPQS994dd, BEPOSO5ALN, EPOS34363, EPS534396, EPS534497, EPG629627;
enidnthelin antagonisis such as tezosemtan, A30R165, and YM62899, and the Hike; vasodilators
such as hvdralazine {apresoline), clonuding {clomdine hydrochloride {1 H-Imidazol- 2-amine, N-
(2. 6-dichlorophenylid, 5-dihydro-, monohydrochloride CAS RN 4205-91-8), catapres, minoxidil
{loniten), nicotiny} alechol {rontgcoly, diltiazem hydrechloride (such as 1,5~ Benzothiszepin-

5 one,3 ~{3cf:tyiffxy}—5 [2-{dispetl 1}/1& mi;1{.‘:}{:'{}13/%}~27,m3mdibydrov2(4-— I)li?ﬁ"(‘)OX,}fpiflf:I)yn-ﬁ

dimﬂlydm—f%gluc-ii‘ol Z,S«dinii‘ra[s ez, Bordil® Tiradose®, Wyeth- Ayerst), sosorbide

monoritraie {such as L4:5,0-dianhydro-D-glucito~ 1,3-nilrate, an organic ntlrate, e.g., lsmo®,

Wyeth-Averst), nitroglveerin (sach as 2,3 propanctriol rinitrate. e.g., Mitrostat® Parke- Davis),
verapamil bydrochloride (such as benzencacetonirile, &E)-{alpha){3-1{2-(3.4 dimethoxypheny
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Dethylmethylamino lpropyl} -3 4-dimethoxy-{alpha)- {( 1 -methvicthyl) hydrochloride. eg
Covera HS® BExtonded-RBolease, Searle), chromonar {which may he prepared as disclosed m
PIR32E2938), clonitate (Annalen 1870 155}, droprentlamine {which mayv be prepared as disclosed
in DE2321113), Hdoflazine {which may be prepared as disclosed in LIS3267104 ) prenylamine
{which rnay be prepared as disclosed in US3132173), propatyl nitrate (which may be prepared as
disclosed in French Patent No. 1,103.113), miofiazine bydrochloride (1 -Piperazineacetamide, 3-
{wminocarbonyvl - 4,4-bis(d-TluorophenyBbuty 1 ]-N-{2,6- dichlorophenyl}-, dihvdrochlonde CAS
RN B3RQR-67-3), mixidine {Benzencothanaming, 3 4~ dimathoxy-N-(methyl-2-
pyrrolidinylidene) Pyrrolidine, 2-[(3 4-dimethoxyphenethyBimino ]~ 1 «methyl- FMethyb2- [(3,
dodimethoxyphensthyviiminolpyvirolidine CAS RN 27737-3&-8), molbsidonune (1,2,3-
Uxadiazciium, 5-[{cthoxyvearbonyiamino |- 3-{4-morpholinyi)-, tnner salt CAS KN 25717-88-03,
isosorbide mononitrale {D-Ghucitol, L4:3,0-dianhydro-, S-nitrate UAS BN 16051-77-73,
erythrityl tetranitrate (1,2 ,3.4-Butanctotrol, tetranitrate, (2R 3Skrel-CAS BRIN 7297-25-81,
clonitrate{i,2-Propanedicl, 3-chloro-, dinitrate (7C1, 81, 205 CAS RN 2612-33-1,
dipvridamole Ethanol, 2,2°.2" 2" [{4, 8-di-b-piperidinyipyrimidol 5, 4-dipyrimidine-2.6-
divhdinitrilojtetralds- CAN RN 38-32.2), nicorandil (A8 RN 63141-46-0 3.3,
pyridinecarboxamide {(N-{2-{nitrooxyethyl]-Misoldipine3,5-Pyridinedicarboxyiic acid, 1.4~
dibydro-2 o-dimethyl-4-2-nitropheny -, methy! 2emethylpropyl estor CAS BN 636757293,
mifedipine3, 5-Pyndinedicarboxvhic acid, Ld-dilvydro-2,6-dimothyl-4-Z-nitrophenyi}-, dimethyl
cater CAS BN 21829-25-4), perhexiline maleate (Fiperidine, 2-(2 . 2-dicyciohexyicthvl}-, {3432
butencdicate (1 (1) CAS BN 6724-53-4), axprenclol hvdrochloride (2-Propanol, §-[{1-
methylethyDandnol-3-12-(2-propenyioxyphenoxy]-, hydrochloride CAS RN 6452-73-93,
pentrinitrol {1,3-Fropanediol, 2 2-bisl{nitrooxy methyl}-, mononitrate (oster) CAS RN 1607-17-
6}, veraparil {Benzevcacetonitrile, o-{3-[{2-(3.4-dimethoxyphenyliethyl]- methviaminolpropyll-
3, 4-dimethoxy-a-{1 -methyiethyly- CAS RN 52-33-9) and the like; angictensin U receptor
amtagonists such as, aprosartan, zolasartan, clinesarian, pratosartan, FIGKZER, RNH62T0
candesartan (I H-Benrmimidazole-T-carhorylic acid, 2-ethoxy--{[2-(TH-tetrazal-5-y DL~
biphenyid-yifmethyl]- CAS RN 129481-89-7), candesartan ciloxetil {({4/-)-1-
{oyclohexylcarbonyioxyethyb-2~cthoxy -l

-2 -{iH-etrazol-S-vhbiphonyvi-4-yi-IH-benzimidazole
carbosylate, CAS RN 145040-37-5 URST7031 10 and UUSS5196444), eprosartan {3-{1-4-

sarboxvphenyhnothyhi-2-n-boivl-imidaze -5~y 2-thienvioeithy!) propenoeic acid, USS5185351
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and US5650650), irbesartan {2-n-butyl-3- [[2-(Ih-tetrazol-5-yDbiphenvi-4-vyihmethyl] 13-
diazazspirold 4 inon-lon-d-one, USS2703 17 and UR5352788), tosartan (2-N-butyl-d-chlora-5-
hyvdroxymethy - 2-(HH-tetrazol-S-yhibiphenyi-d-vl b-methyihmidarzole, potassion salt,
USS138069, USSIS3197 and USS128358), tasosartan {5, &-dihvdro-2 4-dimethyl-8-{(2-(1H-
etrazol-5-vl}{ Le-biphenvild-vimnethyl}-pyrido[ 2,3-dipyrimidin-7{6 Hi-one, USS5149699},
telnisartan (4-[(1 4-dimethy-2-propyi-(2,6-bi-lH-benzimidazoel -revi]-[ 1, 1 -biphenyi}-2-
carboxvhic acid, CAS RN 144701-48-4, US5391762), milfasarian, abitesarfan, valsartan
{Diovam@%ﬁ (Movartis), (SyNevalory BN -(H-tetrazol-SyDibtphenyi-4-ylmethylvaline,
85369578), EXP-3137 (2-N-butyl-d-chloro-{(2-{iH-tetrarol-S-yDHbiphenybdoy -
methylnmidazole-S-carboxylic acid, USSI3R068, UIS5153197 and LISS12ZR3IS55), 3-{2-(tetrazol-
S-vhi-Lre-biphen-d-vimethyl-5, 7-dimethyi-2-cthyl-3H-imidazol 4, 5-bipyridine, 4'{2-cthyl-4-
methyl-6-{5,6.7 8-tetrahvdroimidazol L, 2-alpvridin-2-vil-benzimidazoi-1-vi-methyi}-Lr
biphenyl}-2- carboxylic acid, 2-butvl-6-{l-methoxy-l-methylethyvi}-2-[ 2 Htetrazol-3-
vitbiphonvi-4-vimethyl] guinazolin-4 3H-one, 3 - {27 -Caﬂ”bOXj71)1‘{)}161’1}}'3u4~}’i}i’ﬁ€ﬂ]}'iif -2
cyclopropyl-7-methyt- 3H-imidazol4,5-blpyridine, 2-butyl-4-chloro-1-{{2"-tetrazot-5-
yibiphenvi-d-vhmethylimidazole-carboxvlic acid, 2-butyl-d-chloro-i-{{2'-{IH-tetrazol-5- viy [ 1
, 17 =bighenvl] -4evilmethyll- 1 Heimidazole-3 ~carboxylic acid- 1 ~{athoxyearbonyl-oxyiethyl
gater potassitny salt, dipotassivm Z-butvi-d-{methyithioy-l-[ 2-{{ {{propyiamina jcarbonviiamine -
sulfonyi iUl “biphenyvl-4-viimethyil-1 H-imidarole-3 -carboxylate, methyl-2-{{4-buryi-2-
methyl-6-0x0-5-[[ 2-{iH-tctrazob-5-yIi-{L1 -biphenyvii-4-vlimethyl - -6 H ) pyrinudinylimethyi]-
3-thiophencarboxyviate, 5-1(3,5-dibuiyl-1H-1.2 4-trigzol-b-yDmethyi]-2-02- € 1 H-tetrazol-5
viphenvhipyriding, 6-butyl-2-(2-phenylethyly-3 {{27-(F H-tetrazol-53 -yBi 1,1 - biphenyli-4-
methyl ipyrimidin-4-(3H-one 13,1 lysine salt, S-methyl-7-n-propyl-8-[12'-{1H- totrazol-5-
yidbiphenyi-d-vliimethyl}-[ 1 2 4i-triazolo] | S-cipyrimidin-2{3H }-one, 2,7-diethyl-5~ [{2{5~
tetrazoly ibiphenyl-d-vimethyl]-5H-pyrazolo[L5-b L2 4 firiazole potassiurn saky, 2-[2- buty -4 5-
dihydro-d-oxo-3-] 2 H-tetrazol-5-vi-4-biphenybmethyl]-3H-midazoi{4,5- clpyridine-5-
vimethylibenzoic acid, ethyt ester, potassiom sali, 3-methory-2.6-dimncthyl-4 [[2 {iH-tetrazol-5S-
yi-L biphenvi-d-vlhncthoxylpyridine, 2-cthoxy-I-[[2-(5-080-2,8-dibhydro- 1 2 4-oxadiarol-3
vihibiphenyl-4-vimethyl] - 1 H-benzimoidazole-7-carboxylic acid, | - [N~2 "~ 1 H-fetrazol-3-
vithiphenvi-4-vi-methvD-M-valerolviaminomethyhiovelopentane- | -carboxyvlic acid, 7- methyl-

Inepropyvi-3-112° H-teiraze l-S-vhbiphenyvil-4-vijoothvi-3H-imidazoi4, 3-6 jpyniding, 2- [3-[(2-
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ethyl-5.7-dimethyvl-3H-imudazo[4,5-blpyadine-3-yDmethyl]-2-quinotinyvlsodium benroats, 2-
i}u‘ty3~6~c.hie1‘0—4—~hydroxymc‘thyE~5 ~methyi-3 ~[12-(1 H-tetrazol-5 ~vihiphonyl-4~
viimethyviipyriding, 2- T [[2-butyl- § - [{d-carboxyphenviimethvi] - | Hamidazol-5 -
vijmethyllaminoibeozeic acid tetrazol-3-vhbiphenyl-4-vijmethviipyrimidin-g-one, 4(5}- {4-
{carboxymethyvliphenoxy FN-[2{R)-{4- Z-sulfobenzamidomidazol- 1 -vijoctanoyl-L-proline, |
- {2 6-dirpethyliphenyD-4-butyi-L3-dibydro-3-[ 6~ 2-{ IH~tetrazol-S-y Dpbenyl]-3-
pyridinylfmethy1]-2H-imidazol-Z-one, 3 &-ethavo-3 B-dimethyb-Z-n-propyt-3 6.7 B-tetrahydro-
- {12 H~etrazol-5-vDibiphenyl-d-yiimethy - 4513 4o Ba-tetrasacyclopenianaphthalene-9-
one, 4-[1-[2-{} 2 3 d-tetrazol-S-yDibiphen-d-vipnethylaming |- 5,6,7 S-teirabydro-2-
trifviguinazoline, 2-(2-chiorobenzoyvhiumino-S-cthvi3-[ 2% (JH-etrazole-5-vibiphenyi-4-
viethyi-1.3 d-thiadiazeline, 2-[5-othyl-3-[ 2-(IH-totrazole-5-vibiphenvi-4-vimethyl-1.3 4
thiazoline-2-vlhidene Jaminocarbonvi-1-cyelopentencarboxylic acid dipotassium salt, and 2-butyi-
4-{N-mgthyl-N-{3 -methvicrotonovilamine] - 1 - { {27 -{ 1 Hetetrazol-5 -viyhiphenyi-4-
vijmethyi]- | H- imidzole-5 ~carboxvlic acid 1-ethoxyearbonvioxyethy ester, those disclosed in
patent publications EP4735206, EP497150, EPS3%0K6, EP539713, EPS35463, EPS535465,
EPS4205%, EP497121, EPS35420, EP4QG7342, BEP415886, EPA24317, EP435827, EP433983,
EP475898, EP4O0OR20, EP52R762, FPA24377 EP3I23841, EP420227, EPSDO20T EP426021,
EP4R0204, FP429257, EP430709, EP434249 EP44a0n2, EPSDS9S4, BEP524217, EPS14167,
EP5143198, EPSI4103, EPS14192, EP450566, EP46R3ITE, EP485929, EPS03162, EPS3303¢,
EP467207 EP399731, EP399732, EP412848, EP453210, BEPF450442, EP4T70794, EP4707R5,
EP495626, EP495627, EP4994 14, FP499416, EP4904 15, EF51179L, EPS16302, EPS20723,
EP320724, EP339066, EP438R86S, BEP303ES3, EPS30702, EPAQOSE35, EP400974, EP4016340,
EP47102, EP411766, EP409332, EP412594, EP419048, EF420659, EP4R1614, EPAR0SKET,
EP46TT15, EP479479, EPSG2725, EPSO3E32, EPSO5098, EPSQATTT EPA13,979 EPSQT54,
EPSL0812, EPSTI767, BEPS12675, EPS12676, EPSI28TG, EPS17357, EPS3T937, EPS347006,
EP327334, FPS40356, FP441040, FPA4003%, FP465368, FP40OR723, FP4SR722 TP498721,
EPST5265, BEPS0O3785, EPSGIRG2 FPS1983T, BEPS324 10, EP49R361, EP432737, EPS{4EER,
EPS0E393, EPSOR445, EP403159, EP403158, EP425211, EP427463, EP437103, EP4RT 448,
EP4R8RS32, BEPA01206%9, BEP3G0409, EP540400, EPOUR52E, EPOI8R34, HPO28E33, EP41 1307,
EP425921, EP430300, EP434035, EP442473, EP443568, EP445E1 L, EP4SS 136, EP483653,
EPSIRO33, EP320423, EP331876, EPS31874, BEP332317, EP4068470, EP470543, EP3{023 14,
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EP529253, EPS43263, BEPS40209, EP44969%, BP465323, BPA21768, EP415584, W92/14468,
W93, WOOBR/O816S, WOST/B0Z7T, WORT/G0ZET, WO I/H4367, WORZ/Q67,
WO9Z/00977. WOUZZ0342 WOOR/404S, WKIEAMO46, WOS1/15206, WO92/147 14,
WS2/009600, WO92/16552, WO93/03025, WOB3/0301 8, WO L/07404, WORZ/A2508,
WOSZ/3E53, WOOL/19697, WOLT/LI90%9, WOST/12001, WOST/11898, WO91/15209,
WORT/15479, WOOR/Z06R7, WOS2/20062, WOSZ/20661, WOSE/G1 177, WOSU/E4679,
WOSH/3G63, WOU2/135364, WORT/1T143, WOST/IEEER, WOST/19715, WO92/02257,
WOR2/04335, WOOR/05161, WOS2/G7K52, WOSZ/15577, WOSE/(3033 WHOL/ESA3 13,
WOSZ/O0G0E, WOYZ/G2A10, WORZ/AG2TE, WORZ10179, WOSZ/1818E, WO92/1(186,
WOS2/I0IRE, WOO2JT0097, WO92/10183, WOSZ/0TRZ, WOSZ/TGIET, WO92/13184,
WOUZA0 R, WOUZ/TGI 80, WOBZ/TQIRS, WORRZ20651, WOR3/G3722, WOY3/06K2K,
WORSAH3040, WOO/E02ET, WOS2/22533, WO9Z/O608], WORZ/G5784, WO3/0034 1,
WO92Z/04343, WOOZ/G4050, USSIOEET7, USSIETI6R, USS149689, USSIRS340, US4580804,
USSIZR069, US491612%, UUSSIS3197, LUBS1734%94, UIBSTI3794G6, LIS5155126, LIS3140637,
LIS5137902, USS157026, USSO53329, USS132216, USSHST7522, USSD66586, USSO83626,
USS048565, USSORTTOR, USS124335, USSTORZRED, UISSI2E327, LIS5151435, LIS5202322
TISS1E7159, UINA198438, USS182288, USS036048, USS140036, UISSN8T634, US5186537,
USSIS3347, USSI910K86, USSI00942, UISST77097, 1ISS212177, {IR5204234, 1IS520823
USE212195, URS130439, USSO45540, UNS041 142, and USA210204, and pharmaccuticaliy
acceptable salts and esters thereof; o/ adroncrgic blockers such as rupradilel, arotinolol,
amosulalol, bretviium togyviate (CAS RN: £1-75-6), dihvdroergtamine mesviate {such as
ergotaman-3’, 6. 18-trione,9,-10-dihyvidro-12-hydroxy-2'-methyvi-53-(phenyimethy - 5 (r)
monomethancsulfonate, e, DHE 45® Injection, Movartis}, carvedilol {such as (i‘)vL(CarbazoL
4~v10xv}~3~ﬁ2~{ c-methoxyphenoxyjethyi] aminc] -2-propanol, eg., Coreg®, SmithKHoe
ccharm)}, labetalol (such as 5-[l-hydroxy-2-{(t-methy -3-phenylpropyl) smino]
ethylisalicylmnide monohydrochloride, g, NMormodyoe®, Schering), bretviium tosylate
{Benvenomcthanaminium, 2-bromo-M-cthyl-N N-dimethyvl-, salt with 4-methylbenrencsulfonic
acid {1 1Y CAS RN 61-75-6), phentolamine mesylate {(Phenol, 3-[H4,5-dibydro-IH-imidarol-2~
vihmethyi{d-methyiphenyDamino -, monomethanesuifonate (sall) CAS RN 65-28-1},
solyperting tartrate {SH-L3-Dhoxolol4.5-Flindole, 7-12-[4-(2-methoxyphenyii-1-
piperazinyliethyli-, (2R 3R-2, 3-dibydroxyhutancdicate (1 113 CAS BN 5391-43-5), zolertine
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h;v'drochim"idf: {Piperazing, Iphenyid-[2-{IH-tetrarol-5-vhethyl]-, monohydrochlaride (RCE 9CH
CAS RN 7241-94-3} and the like, o adroncrgio reeeptor blockoers, such as alfuzosin {{CAS RN;

81403-68- 1), teraresin, urapidil, prazosin (Minipress®), tamiaulosin, bunarosing, trimazosing,
doxarosin, naftopidil, indoramin, WHP 164, XENCIO, fenspiride hydrochloride {which may be

prepared as disclosed in US33899182), proroxan (CAS RN 33743-96-3}, and Iabetalol
hydrochloride and combinations thereof; o 2 agounists such as methyidops, methyvldeopa HCL,
fofexidine, tamenidine, moxonidine, rilmenidine, guanobenz, and the like; aldosterone
fnhibitors, and the like; renin inhibitors including Aliskiren (SPPIOO; Novartis/Speadell;
angiopoietin-2-binding agenis such as those disclosed in WOO3/030833; anti-angina agents suich
as ranoiazine (hydrochioride F-Piperazineacetamide, N-(2,6~ dimethyipbhenvip4-[2-hvdroxy-3-
{Z-mcthoxyphenoxyipropyll, dilivdrochloride CAS RN 95635+ 56-6), botaxole! bvdrochioside
2-Propancl, -4-{2 fevelopropyvimethoxyethylphenoxy -3-{{1- methviethyiaming]-,
hvdrochloride CAS RIN 63659-19-8), butoprozine hydrochloride (Methanong, {4-
Bidibmyiamine propoxyiphenvi i 2-ethyl-3-indolizinyi}-, monchydrochloride CAN BN 62134-
3433, cinepazet maleatel-Piperazineacctic acid, 4-j1-0x0-3-{3,4,5- trimethoxyphenyli}-2-
propenyii-, ethyl ester, (2Z22-butencdicate {1 11} CAS BN 30679-07-7), tosifon
{Benzencsulfonamide, 4methybN-[{{{8}-lomethyl-2-phenvicthyvilamino jearbonyl]- CAS BN
32285184, verapamithydrochloride (Benrencacetonitrile, nef3-[12-(3 4~
dimcthoxy phonyDethyHmethvlanuno{propvil-3 4-dimethoxy-g-{ | ~mothyicthyli-,
monohydrochioride CAS KM 152-114), malsidemine {1,2,3-Oxadiazolium. 5-
[{ethoxycarbonvhamino-3-{4-morpholinyly-, inner salt CAS RN 25717-20-0), and rannlazine
hydrochloride (1 -Piperazincacctamide, N-{2.6-dimcthylphenylia-[2-hydroxy-3-{2-meth-
oxyphenoxypropyvii-, dibydrochloride CAS RN 23635-36-0); tosifen {Benzenesulfonamide, 4~
methyl-M-{{ % -1-methyl-2-phenylethyllaminojcarbonyl]- CAS RN 32295-184); adrenergic
stimulants such ss guantacine hydrochioride (such gs N-amiding-2-(2,6-dichlorophenyl}
aeetanide byvdrochloride, e g, Tenex® Tablets avalable from RBobing); methyidopa-

hydrochlorothiawide (such as kevae-3 4\'% ~dibydroxyphonyD-2-methyialanine) combined with

Hydrochlorothiazide {such as 6-chioro-3 d-dibhvdre-2H L2 d-benzothiadiazine-7- sulfonamide
i~-dioxide, e.g., the combination as, e.g., Aldorti® Tablets available from Merek), methyldopa-

chiorothiazide {such as 6-chlore-2H-1, 'Z,-4~‘ocm‘.0ihiadiazirae:-lsuifeﬂami(_k? I -dioxade and

methvidopa as described above, e.x., Aldoctor®, Merek:, cloniding hvdrochloride (such as 2-
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{2 t-dichlorophenviamino}-2-imidazo ine hydrochloride and chlorthalidone {such as 2-chlore-5-

{i-bydroxy-3-oxa-i-isoindohinyt) benzencsultonanude), e.g., Combipres®, Bochringer
Ingelherm}, clonidine hvdrochloride (such as 2-(2 6-dichlorophenyiamine)-Z2-imidazoline
hydrochloride, e.g., Catapres®, Bochringer Ingelheim}, clonidine (H-Imidazol-Z-amine, N-{2.6-
dichlorophenyD4,5-dibydro-CAS RN 4205-90-7), Hyzaar (Merck; 2 combination of losartan and
hydrochlorothiazidey, Co-Diovan (Novartis; a combinatien of valsartan and hydrochlorothiazide,
Lotrel (Movartis; a combination of benazepril and amlodipine} and Caduet (Pfizer; a combination

of amdndipine and atorvastatin}, and those agents disclosed 1o US20030069221 .

Agents for the Treatment of Respivatory Disorders

‘The GURA peptides described berein can be used in combination therapy with one or
maore of the following agents uactial in the treatment of respiratory and other disorders including
brut not Hmited to: {1} B-agonists inciuding but not limited to ; albuterol (PRO VENTIL® | S8
ALBUT AMOIR | VERNTOLING, bambuterol, bitotersi, clenbuterol, fenoterol, formoterol,
ispetharine (BRONKOSOL®, BRONKOMETER®), metaproterenot (ALUPENTR,
METAPREL®E), pirbuterol {(MAXAIR®), reprotersl, rimiterol, salmeterol, terbutaline
{BRETHAIRE® BRETHINE®, BRICANYL®), adrenalin, isoproterensl (ISUPREL®),
opinephrine bitartrate (PRIMATHENE®}, ephedrine, orcipronline, fonotern! and isoetharing; {2}
steroids, mchuding but not imuted to beclomcthasone, beclomaethasone dipropionate,
betamethasone, budesonide, bunedosude, butixocort, dexamethasone, flonisolide, fluocortin,
fluticasone, hydrocortisone, methvi prednisone, mometssone, predonisclone, predonisone,
tipredane, tixocorial, triameinolone, and triamcinclone acotonide; (3} BZ-agonist-corticosternid
combinations {e.2., salmeterol-thuticasone {AD V¥V AIRE), formotersh-budesonid (5
Y¥IMBICORT®)Y] ; (4} leukoiriens D4 receptor antagonists/leukotricne antagonists/L T4
antagonists {1.e., gny compound that is capable of blocking, jnhibiting, reducing or atherwise
urerrupting the interaction between leukotrienes and the Cys LTT receptory including but not
himited tor zafhiukast, montelukast, monichikast sodivm (SINGULATR®), praniukast, iralukast,
pobilukast, SKB- 106,203 and compounds described as having LT antagonizing activity

binsynthesis inhibitors [eg., zileuion and BAY 1005 (CA registry 128253-31-6}]; (6) histamine

HI reeoptor antagonisis/antihistamines (e, sny compounsd that is capable of blocking, inhibiting,
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reducing or otherwise interrupting the interaction between histaroine and its recopior) meluding
but not irotted tor astemizole, acnivasting, antazoling, azatading, azeiastine, astamizoic,
bromopheniramine, bromopheniramine maleate, carbinoxamine. carchastine, cetivizine,
chiorpheniramine, chloropheniramine maleate, cimetidine clemasting, cyvelizineg, cyproheptadine,
descarbocethoxyvioratadine, dexchlorpheniramineg, dimethindene, dishenhvdramine,
diphenvipyraline, doxviamine suceinate, doxviarnine, ebastine, effetirizine, epinastine,
famotidine, fexofenading, hydroxyzine, hyvdroxyzing, ketotifeon, levocabastine, levocetirizing,
levooetirizing, loratading, meclizine, mepyvramine, mequitarine, methdilazine, mianserin,
mizotasting, noberasting, norasternizole, noraziemizole, phenindaming, phowramineg, picinast,
promethazine, pynlamine, pyrilamne, ranitidine, femelastine, terfenading, trimeprazine,

iripelenamine, and friprobiding; (73 an anticholinergic inchuding but notf linmted {o; atropine,

benziropine, biperiden, flutropium, hyoscvamine {e.g. Lovsin®: Levind®; Levsin/SL®,
Anaspaz®, Levsinex thnccaps®, Mul.ov®), tiutropium, ipratropium, ipratropium bromide,
methscopolamine, oxybutinin, rispenzepine, scopolamine, and fiotropim: {8} an andi-mssive
inciuding but not limited to: dextromethorphan, codeine, and hydromorphone; {9} a decongestant
incioding bt not limited to: pacudoephedrine and phenylpropanociamine: (10} an expectorant
including but not limited to: guafenesin, guaicelsulfate, terpin, ammonium chloride, glycerol
guaicoiate, and lodinated glveeral; (11} a bronchodilator inchading but not Himited to:
theophylline and aminophyiline; (12} an anti-inflammatory inchrding but not mited to:
fluribvprofen, diclophenag, indomethacin, ketoprofen, S-ketroprophen, tenoxicam; {13} a2 PDE
{phoaphodicsterase) mhdbitor ineluding but not lunied 1o those disclosed heorein; {14 o
recombinant humanized monoclonal antibody [e.g. xolzair {also called omalizumaby), rhuMiab, and
talizumah]; (15} a humanized hung surfactant including recombinant forms of surfactant proteins
SP-B, SP-C or SP-£2 {e.g. SURFAXIM®, formerly known as dse-104 (Discovery Laboratories)],
{16} azents that inhibit opithelial sodium chaonels (ENaC)Y such as amiloride and related
compownds; (173 sidinmicrobial agents used {0 treat pulmonary infections such as acyclovir,
amikacin, amoxiciibin, doxveycling, trimethoprin sulfamethoxazole, amphaotericin B,
azithromyein, clanthromyom, roxithromy cin, clarithromycin, cephalosporins{ cotfoxitin,
selimetazole ote), ciprotloxacin, cthambutol, gontimaycin, ganciclovir, imipencm, isoniazid,
draconarote, penicithing, ribavirin, rifampin, rifabutinamantadine. rimantidine, streptomyoein,

tobramyvein, and vascomyein; {18} agents that activate chiloride seerction throagh Cat+
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dependent chlonde channels {such as purinergic roceptor (F2Y{(2) agonists); (19} agenis that
docrcase sputum viscosity, such as buman recombinant DiNase 1, (Poalmozyme®); (203
nonsteroidal anti-inflammatory agents {acemetacin, acstamninophen, acetyl salicvlic acid,
atclofenac, alminoprofen, apazone, aspirin, benoxaprofen, bezpiperyion, bucloxic acid,
carprofen, clidanac, diclefenac, diclofenac, diftunisal, diffusinagl, etodolae, fenbufen, fenbufen,
fenclofonae, fonclozic acid, fenoprofen, fentiazac, feprazone, fhufenamic acid, lufenisal,
flofenisal, fluprofen, fhebiprofen, flurbiprofon, furofenac, ibufenac, ibuprofeon, indomethacin,
indomethacin, indoprofon, isoxepae, soxicam, ketoprofen, ketoprofen, ketorolac, meclofenamic
acid, meclofenamic acid, mefenamic actd, mefenamic acid, miroproten, mofebatazone,
nabumetone oraprosin, naproxen, naproxen, niflumic acid | oxaprozin, oxpinac,
oxyphonbutazone, phenacetin, phenyibutazone, phenyibutazone, piroxicam, piroxicam,
pirproten, pranoprofen, sudoxicam, tenoxican, suifasalazine, sulindac, sulindac, suprofen,
flaprofenic acid, tiopinac, toxaprofen, tolfenamic acid, tolmetin, tolmetin, zidometacin,
zomepirac, and zomepirach and (21} acrosolized antioxidant therapeutics such as S-

Nitrosoghutathione.,

Anti-obesity agents
The GUR A peptides deseribed herein can be used in combination therapy with an anti-
obcsity agent. Suitable such agents include, but are not hinuted tor T HED-1 {1 1 -beta hvdroxy

steroid dehydrogensse type | inhibitors, such as BY'T 3498, BVT 2733, 3-(l-sdamantyii-4-

gthyl-5-{ethvithio)- 4H-L2 4-trigrole, 3-{-adamantvl}-5-{3 4,5 trimethoxyphenyil-4-methyl-4H-

~

1.2 4-riazole, 3- sdamantanyl-4,5,6,7,8,9,10,11,12,3a- decabwydro-1,2 4-trigzolo]4,3-a}il
{lannulene, and those compounds disclosed in WOG1L/9G001, WO 1790080, WO 1790092 and
WOO2AT2084; SHT antagonists such as those in WOO3/037871, WOO3/037887, and the like;
SHTE: modulators such as carbidopa, benserazide and those disclosed in US620769%,
WOU3/031439, and the like; SHT2¢ (serctonin receptor 203 agonisis, such as BYT933,
DPCAZTZIS, TK264, PNU 22394, WAYT61503, R-1065, 8B 243213 (Glaxo Smith Khine) and
Y 348 and those disclosed s URZS14250, WOOGL/T7010, WOO2Z/36584%6, WOH2/481234,
WO/ 10169, WO0T/B6548, WOOZ/M4152, WOUZ/51844, WOUZ/40456, and WO0R2/40457;
SHTE receptor modulators, such as those in WOO3/030901, WO03/035861, WO03/038547, and

the like; soyl-csirogens, such as oleovi-estrone, disclosed m del Mar-Grasa, M, ot al, Obesity
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Rescarch, 9:202-% {2001} and Japanese Patent Application Mo, JP 208256190, anorectic
bicyelic compounds such as 1426 {Aventisy and 1954 {Aventis), and the compounds disclosed n

WOV IETAS, WOR/3263E, WOO11/62746, WOBU/E2T747  and WGOR/B153769: CB

(caimabino‘i d-1 receptor) antagonist/inverse agenisis such as rirnonabant {Acomplia; Sanofi), SR-

47778 {Sancfi}, SE-141716 (Sanoft), BAY 65-2520 (Baver}, and SLV 319 {Solvay}, and those

disclosed in patent publications US49T3587, USSOI3R37, USSORTIZ2, UUISSEIZR2G, LIB52927346,

VIRSS32237, US3624941, US6028084, USA309367, USE3(9367, W{Ia/33159, W(97/28079,
WOOR/Z1227, WOOR/Z3765, WOSE/37061, WOTE/M1519, WOSE/M3635, WHUR/43636,
WOSH02499, WODD/TH967, WOOH/ 10968, WOOT/D9120, WOOT/58368, WOG1/64032,
WOO/64633, WOBT/64634, WOG1/70700, WOULL/S6320, WOHIZ/(76949, WON3/G060G407,
WOHIB/Q07887, WODR/H28217, WOG3/A26647, WOO3/826648, WOU3/027069, WOR3/027074,
WOO3/H2TEHEG, WOB3/G37332, WOU3/040107, WODR/G8e040, WOG3/084943 and EPAS5546;
COK-A {choleoystokinin-A)d agonists, such as AR-R 13849, GI 181771 (GRE). IMVY-1R80, A~
TI378, A-71623 and SR146131 {(Sanofl), and those described in LIS3739106: ONTH (Ciliary
newrctrophic factors), such as GI- 181771 (Glaxo-SmithKling), SR 46131 (Sanofi Syathelabo),
butabindide, FD 170,292, and PD 149164 (Pfizer); ONTF derivatives, such as Axokine®
{Regeneron}, and those disclosed in WO04/001 34, WOBE/221 28, and WO99/43813; dipeptidyl
pmpnda\, FY {DP-1Vy inhibitors, such as isolevcine thiazehidide, valine pyrrolidide, NVP-
DPPI28, LAVF237, PO3/GY, P 3298, THL 225 {iryptophyl-1.2 3 4-tetrabydroisogquinoline-3-
carboxvilic acid; disciosed by Yamada ¢t al, Bioorg. & Med. Chem. Lett, § {19983 1537-1 544},
TMC-2A28/2C, CI26 inhibtors, FE 999011, PO3IG/K364, VIP 8177, SDZ 274-444 2-
cyvanopyrrolidides and 4-cvanopyrrolidides as disclosed by Ashworth et al, Bloorg. & Med.
Chem, Lett, Vol 6, Mo, 22, pp 1163-1166 and 2745-274¢ (1996} and the compounds disclosed
patent publications. WO2%/38501, WOU2/46272, WO99/67279 (Probiodrug), WO99/67172
{Probiodrug), WO9/61431 (Probiodrug), WOOR/GR3128, WOGL/062764, WO03/000180,
WOUS/O001 81, WOOS/00G230, WOO3/002530, WOO3/002531, WOO/DN2553, WOB3/002593,
WON3/004498, WON3/004496, WOA3/G17936, WO03/024842, WON3/624905, WOD3/033524,
WOU3R/Q27327 and EP12385476; growth hormone soorctagogue roceptor agonists/antagonists,
siich as MINTO3, hexarclio, MEK- 0677 (Merck), SM-130656, CP-424391 (Plizer), LY 444,711
(EL Lalbyy, L-6%2 429 and L- 163 255, and such as those disclosed in USSN (2/662448, US

pravisional application 64/203333, USG35R931, URZ002049196, USZG02/022637, WOU /56592
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and WOO2/32888; H3 (histamine H3) antagonist/inverse agonists, such as thiopeoramude, 3-(1H-
imidazol-4- yhpropyl M-t4-pontcovhicarbamate), clobenpropit, iodophenpropit, imoproxitan,
(T2394 {Glistech), and A331440, O-[3-{IH-imidazol-4-vyDpropanclicarbamates {(Kieo-
Kononowiez, K. et al,, Pharmazie, 55:349-535 (204043), piperidine-comtaining histamine H3-

receptor antagonists {Lazewska, D, et al., Pharmame, 56:927-32 (20013, benzophenone

derivatives and related compounds (Sasse, &, et al, Arch. Pharm{ Weinheiimn) 334:453-52 (20013},

substituied N- phenyvicarbarsates (Reidemeister, 5. ot al., Pharmazie, 35:83-6 {20003}), and

proxifan derivatives {(Sasse, A et al, § Med. Cheo . 43:3335-43 (20000 and histamine H3

receptor moditlators such as those disclosed in WOO2Z/15908, WOO3/A24928 and WO034324929;

leptin derivatives, such as those disclosed 1n USS552524, USS552523, 1155552522, LISS5212K3,
WIIH/23513, WOE/235 4, WOIB6/Z2351S, WOBG/Z23516, WOBE/23517, WOBH/2351K,
WO96/23519, and WOSH/23524; leptin, including recombinant human leptin (PEG-0B,
Hoffman La Roche) and recombinant methiony! buman leptin {Amgen): lipase inhibitors, such
as tetraivydrolipstatin {orlistat/Xenical®), Triton WRI 339, RHCR(267, lipstatin, teasaponin,
dicthviumbeiliferyt phosphate, FL-386, WAY 121898, Bay-N-3176, valilactone, csteracin,
chelactone A, ebelactone B, and RHC 39267, and those disclosed in patent publications
WOL/77094, US4598089, UN4452813 USUSS512565, UNS391571, USSa02151, US4405644,
US4188438, and 1184242453 lipid metabolism modulators such as maslinic acid, ervthrodiod,
ursolic acid wvasol, betulinie acid, betulin, and the ke and compounds disclosed in
WOU3/4811267; Medr (melanocoriin 4 receptor) agonisis, such as CHIREOG3S {Chiron}, ME-
10142, ME-10145, and HS-131 {Melacurel, and those disclosed in PCT publication Kos.
WORS/G6A002, WOOH/ 74675, WOO /991732, WO /23192, WOO /52880, WOO /74844,
WOO V70708, WOO/T0337, WODT/Q175Z, WOO2/N53095, WOHB2/H50107, WOGL/AS910E,
WOOLAAS01 T, WOO/06276, WOOE/12166, WOOZ/ 11715, WONZ/12178, WOH2/15909,
WON2/38544, WOO2/06R387, WOB2/068388, WOG2/G6756%, WOGL/U8 1430, WOO3/(66604,
WOU3/00794%, WOOS/005E47, WOO3/009850, WO03/01 3509, and WOO3/031410; MeSy
{melanocortin 5 receptory modulators, such as those disclosed in WO7/13952, WODBYISR24,
WOON/1 5790, URZ002009204 1; melanin-concentrating hormone 1 receptor (MUHR)
antagonists, such as T-2262496 {FTakeda), SB 568849, SNP-7941 {(Syuaptic), and those disclosed
m patent publications WOO /21169, WOO/R2923, WOLR/ETE34, WOOZAS 1602,
WOR/06245, WO02/076829, WORZ/076%947, WO02/04433, WOO /31509, WO02/083 134,
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WOO2/094799, WOOS/004G27, WOO3/13574, WONA/15768, WOOR/02Re41, WOOR/035624,
WONEO33476, WOBR/0334R0, JP13226269, and JP 1437054, mGuRS modulators such as those
diselosed in WOO3/MZ02 10, WO03/047581, WOOR/048137, WOHR/051231 5 WODB/N5 1833,
WO03/AS3922, WO03/059904, and the like, serotoninergic agents, such as fenfluramine (such as
Pondimin® Benreneethanamene, N-cthyl- alpha-methyvi-3-{wiflucromethy -, hyvdrochlorides,
Robbins}, dexfenfluramine (such as Redux® {Benzepestbanarnine, M-ethyl-alpha-methvl-3-
{trifluoremethyl)-, bydrochlorides, nterneuron} and sibutramine {Meridia®, Kool Reductit™)
incloding racemic mixtures, as optically pure isomers (4} and {3, and pharmaceutically
acceptable salts, solvents, hydrates, clathrvates and prodrogs thereof inclading sibutrannne
hydrochlonde monohydrate salts thereof, and those compounds disclosed in 1154746680,
LINARO65TE, and USS436272, USZHUZ0006964, WO 1/2786K, and W 1/62341; NE
{norepinephring; tranaport inhibitors, such as GW 320659, despivamine, talsupram, and
nomifensing, NPY 1 antagonists, such as BEBP322¢6, 1115814, BIBO 3304, LY-357897, CF-
THa0e, G- 2648794, and those disclosed tn USS0G1836, WOBG/ 14307, WOG1/23387
W99/51000, WOBL/E5690, WOOT/8S008, WOBT/E5173, and WOOL/EB328; NPYS
{(newropeptide Y Y 5} antagonists, such as 152 804, GW-569180A, (3W-394884A, GW-
387081X, GW-348118X, FR2353208, FRR226928, FR240662, FRI32384 1229191, G1-264R870A,
COPTIGEIA, LY A77897, LY-366377, P-160170, SR- 1205024, SR-1208194, JUF-104, and
H409/22 and those compounds disclosed in patent publications US6140354, US61911400,
US6Z18408, URS6Z58837, US631329E, US6326375, US6329395, LIS6335345, UIS633733%,
US6329395, USe340683, EPGIGIO6S, EP-01044970, WOOT/196RZ, WOST/20820,
WOST2082E, WORT/Z0821, WORT/Z0823, WOSR/ZT003, WOOH/ 107408, WOO0O/1 83714,
WO L5730, WONG/A4RR0, WOOH/6R107, WOGH/69849, WO/OH13917, WOGL/9124,
WOG/14376, WOG/E3T714, WOOGL/E3T30, WOO/G740%, WON1/02379, WOG1/23388,
WOO/23389, WOO /44201, WOO0/R2737, WOOT/RZ738, WOGH/09120, WOU2/20488,
WOU2/22592, WOOZ/MEIA2, WO0/49642, WODZ/O51 8040, WO02/034789, WOO/B0F845,
WONEO4083, WOOR/02284%, WOO3/028726 and Norman ot al, I Med. Chem. 43:4288-4312
{20040} opiotd antagonists, such as nalmetfene (REVEX @), 3-methoxynaltresong,
mcthylnalirexone, naloxone, and naltrexone {e.g FUB0L; Paim Therapeutics, Ine.) and those
disclosed tn USZO050004 158 and WOO0O/21509; orexin anfagonists. such as 3B-334867-A and
those disclosed in patent poblications WOG1/96302, WOG/68609, WOU2M41 72, WOH2/5123.
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WOUO2/A1E3E, WOOZ/GE3E00, WOG2/AM0355, WONA/G33561, WON3/0329%1, and
WO3/057847,; POE inhibitors {e.g. compounds which slow the degradation of cyclic AMP
{CAMPY and/or oyelic GMP {cGMP) by inhibition of the phosphodissterases, which can feadio a
clative mnerease in the intracellular concentration of cAMP and ¢GMP; posaible PDE inhibitors
are primartly those substances which are to be numbered among the class consisting of the PDE2
inhibitors, the class consisting of the PDE4 inhibitors and/or the class consisting of the PDES
inhibitors, in particular those substances which can be designated as mixed types of PDE3/4
fnhibitors o as moixed types of PDES/A/S inhibitors) such as those diselosed in patont
publications DEI470341, DE210843E, BEZ2123328, DE2305330, DEZ3G33TS, BE2315R801,
DE240260«, DEZAIZ935, DE2451417, DE2459090, DE2646469, DE2727481, BEZEZ504R,
DBEZE37161, DEIZRAS22E, DEZEAT62T, BEIZIRIAT47, DEIOZIT9Z, BEIN3S166, DEI(44568K,
EPGOGTIE, EPGHOE4NE, EPGGLIOT59, ERPGOS994K, EPGOTS436 EPOOR6S17, EPOE 12987, EROH

16948, EPOIS0R37, BEPO15&38G, BEPOLI61632, EPQISIOIK, EPQI6T7121, EPOIOO127, BPF(220044,

EPQ247725, EPQZSEIGL, EPQRZT2910, EF(272914, BEP02%4647, ERPO300726, EPG335384,
EPQ3S7788, EPO3RO2R2, EPG400958, EPO426180, EPQ428302, EPD435811, EPO4TOR0S,
EPO4R2I208, EPO490023, EPQS06194, EPFO311865, EPO327117, ERPDE20939, EPO6n4289,
EPOO71380, EPO6R5474, EPG6ES4TS, EPN6RSATE, IPO2I34358, IP94329652, JPOSOI0KTS,
US4963561, USS141931, W21 17991, WOO200068, WO9212961, WO9307146, W93 15044,
WOSRTA045 WOBLIE024, WS008, WOOZ19720, WOS319747, WO9319749,
WORIIRTSL, WOS3Z5517, WOB402465, WOR4O0423, WO9412461, WO9410455,
WOG422852, WOB425437, WOG427947, WO0S00516, WOSSHIG8%, WO0s03794,
WORSG4045, WOUSN4046, WOBS03386, WOUSORS34, WOG309613, WO9309024,
WOGSH9627, WORS0RE36, WOSSH40n7, WOOST4680, WOOS14681, WO0s17392,
WORSIT309, WOOSE9362, WOBS22520, WORS243R81, WOOSA276492, WOOS1EILA,
WOOS35281, WOBS35282, WOSKO0Z1 8, W06 825, WORSNZ5s41, Wi0611917,
DE3I42982, BEL 116676, DE21620%96, EPO293043, EPO463756, EPG432108, HPOST0494,
ERGGGTI45 US6331543, US20050004222 (including those disclosed w formulas I- X and
paragraphs 37-39, B5-0545 and 557-577), WOS307124, EPGI63965, EPO3G2500, EPUS 0562,
EPOSS53174, WOUSDI338 and wWOBS03399, as well as PDRES mbubitors {such as RX-RA-G9,
SCH-51866, K.T-734, vesnarinone, zaprinast, SEF-96231. ER-Z1355 BF/GP-385, NM-702 and
sildenafil (Viagra™0y, PDE4 mhbibitors (such as ctazolate, ICI63197, RP7340], imazolidinone
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(RO-26-1724), MEM 1414 (R1533/R1504; Pharmacia Roche), denbufvilme, rolipram,
osagrelate, nitraquazone, Y-590, DH-6471, SEEF-94128, motapizone, lixazinone, indolidan,
olprinone, altizoram, KS-506-G, diparmnfyline, BMY 43351 atizoram, arotyline, filaminast,
PB-093, UTUR-29646, CDP-540, SKF-187806, pictamilast, RE-17597, B5-25344- 000, 813~
207499, TIBENELAST, SB-2106067, SB-211872, SB-21160{), 8B-212066, SB-21217%, GW-
3600, CDP-840, mopidamol, anagrelide, ibudilast, amrinone, pimmobendan, cifostazol, quazinone
and MN-(3, 3-dichloropyrid-d-y1-3-cvelopropyhmethokvd-diflucromethoxybenzamide, PIES
inhibitors (such as ICI1 33, 168, bemorandane (RWI 22867, MCUCIL-1534, UID-CG 212, sulmaesle,
ampizone, cilostarmide, carbareran, piroxtmons, imazodan, TI-938, siguazodan, adibendan,
saterinene, SKF-85654, SDZ-MEKS-492, 349-11-35, emoradan, EMD-A33998, EMD- 537033, NSP-
A, NNP-387, revizinone, NM-702, WIN-62582 and WIN-63291, enoximone and milrinone,
PIPEZ/4 inhubitors (such as benafentrine, frequiingin, ORG-30029. zardaverine, L- 686398, 5DZ-
ISQ-844, ORG-20241, EMI-54622, and tolafeniring) and other PUE inhibitors {such as
vinproetin, papaverine, enprofyviline, cilomilast, fenoximone, pentoxifyilineg, roflumilast,
tadalafil(ialis®}, theophyiline, and vardenafil{ Levina®); Meuropeptide Y2 (NFY2} agonists
inciode but are not limited to: polypeptide Y'Y and fragments and variants thereof (e g, YY3-36
(PYY3-36 ¥N. Engl 1 Med. 349:941 2003, IKPEAPGE DASPEFENRY YASLRHYLNL
VIRQGRY (SEQ D NOXK XY and PYY agonists such as those disclosed 10 WO02/47712,
WOO3/02659F, WOOR/G57235 and WO03A27637; serotonin reuptake inhibitors, sach as,
paroxetine, fhuoxeting (Prozact™), fluvoxamine, sertraline, citalopram, and mupramine, and
those disclosed in US6 162805, US6365633, WON3/00663, WOO 1727060, and WO 1/162341;
thvroid hormone § agonists, such as KB-2611 (KaroBioBMS}, and those disciosed in
WOOZ/158458, WOST7/21993, WOGG/G0353, GBOB/ 284425, 113, Provisional Application Na.
60/183.223, and Japansese Patent Application Mo, JP 2000256190; UCP-I (uncoupling pi‘&tcin—i)”
2, o1 3 activators, such as phytanic acid, 4-[{E}-2-(5, 6,7.4- tetrahvdro-5,5 8 B-tctramethyl-2
napthalervl-I-propenyiibenroie acid (TTNPRBY, retinoic ae:.id, and those disclosed n
WOSS/G0123; B3 (heta adrenergic receptor 33 agonists, such as AJRTT/TAKGTT
{Dramnippon/Takeda), L7503528 (Merck)y, CP331648 (Phizer), CL-316242, 5B 415790, BRL-
37344, 1-796508, BMS-196085, BRL-351354, CGPI2ITTA, BTAZ43, GW 427353,
Trecadrine, Zencea D714, N-5984 (Nigshin kyorind, LY-377604 (Lilyy, SR 591194, and those
disclosed in USS5541204, USSTT0613, URS491 134, UR3T76983, US488064, US37G351 3,
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USS451677, WORA/IE161, WORS/29 159, WOGT/46556, WOOR/GAS526 and WOGR/32735,
WO0T/74782, WOB2/32897, WORIAT4T 13, WOU3/016276, WOU3A16307, WOO5/024948,
WONR/024953 and WOR/ 03788 noradrenergic agents including, but not lnnted fo,
digthylpropion {such as Tenuate® {1- propanone, 2-{diethylaminoe -t -phenyl-, hvdrochloride},
Merrell), dextreamphetamine {also known ag dextroamphetamine euifate, dexamphetamine,
dexedring, Dexampex, Ferpdex, Oxydess H, Robese, Spancap #1), mazindol {{or 5-(p-
chloropheny -2, 5-dihydro-3H- imidazoi2 Lahscindob-3-01) such as Sanorex®, Novartis or
Mazanor®, Wyeth Averst), phenylpropanolamine {or Benzenemsthanol, alpha-(raminoothyl)-,
hydrochioride), phentermine ({or Phenol, 3-[14,5-duhydro-1H-imidaro-2-vhethyif{4-
methyipheny-Bamine], monohydrochloride) such as Adipex-P®, Lemmon, FASTIN®, Swmith-
Kiine Beecham and fonamin®, Medeva), phendimetrazine {for (28,3533 4-Dimethyl-
Zphenvimorpholine L-{+}- tartrate (1 113 such as Mcetra® {Forest) , Plegine® {Wyeth- Ay erst},
Prelu-2® (Bochringer Ingelhetm}, and Statobex® {Lemmon), phondamine tartrate {such as
Thephorin® (2.3 .4 9- Tetrahvdro-2-methyl-3-phenvi-1H-indenolf 2 l-clpyridine L-{+-1artrate (1
1)), Hotfmann- LaRoche), methamphetamine {such as Desoxyn®, Abbot ({(81-N, {alpha}-
dimethylbenzencethanamineg hydrochloride)), and phendimetrazine tartrate {such as Bonwil®
Slow-Release Capsules, Amarin (-3 4-Dimethyvi-2-phenvimorphotine Tartrate); fatty acid
oxidation wwegalator/indncers such as Famoxin® {{enset); monamine oxidase inhibitors
mncluding but not hmited to befloxatone, moclobomide, brofaromine, phonoxathing, csuprone,
beifol, toloxatone, pirlindol, anufianune, sercioreming, bazinaprine, lazabemide, milscemide,
caroxazone and other cortain compounds as disclased by WO01/12176; and other anti-obesity
agomts such gs 3HT-2 agonisis, ACC (acetvl-CoA catboxylase) inhibitors such as those desoribed
in WOO3/072197, alpha-lipoic acid (alpha-LA), AQDSG04, appetite suppressants such as those
in WOO3/40107, ATL-262 (Alizyme PLC), benrocaine, benzphetaming hydrochloride (Didrex),
bladderwrack {focus vesiculosus), BRE3 (bombaesin receptor subtyvpe 3) agonisis, bupropton,
caffeine, CCK agomists, chitosan, cluoardum, corjugated noleie acid, conticotrapinereleasing
hormone agonists, debvdroeprandrosterone, DGATY {diacvlglyesrol acyliransforase 1) inhibitors,
DOATZ (diacylgiveerol acyvlitransieorase 2% inhibitors, dicarboxvlate transporter mhibitors,
gphodra, exendin-4 {an inhibitor of glp-1) FAS (fatty acid synthase} indubitors (such as Cerulenin
and C75), fat resorption inhubiiors (such as those in WOO3/03345 1, and the Like), fatty acid
fransporter inhibitors, natural water soluble fibers (such as psyllium, plantago, guar, oat, pocting,
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galanin antagonists, galega (Goat's Rue, Fronch Lilac), garcinia cambogis, gormander (teucriom
chamacdryvs), ghrelin antibodics and ghrelin andagonists {such as those disclosed in
WODL/KTAZS and WOO/08250), polypeptide hormones and variants thereof which atffect the
islet celt seoretion, such as the hormones of the seeretin/gastric inhibitory polypeptide

{(3PY vascaciive intestinal polypeptide (VIPYpiinitary adenviate gvelase activating polvpeptide
{PACAPYglucagon-tike polypeptide H {GLP- Y/ ghicentin/glucagon gene family and/or those of
the adrenoroedullin/amyiin/calciionin gene related polypeptide (CGRP} gene family
inclodingGLP-1 (ghicagon- like polypeptide 1) agoniats {e.g. (1} exendin-4, {2} those GLB-I
molecudes described in UR2065301 30891 including GLP~ 1{(7-34), GLP-K7-35), GLP-U7-363 or
GLP-I{7-37) in ste Coderminally carboxviated or amidated form or as modified GLP-]
polvpeptides and modifications thereot including those described in paragraphs 17-44 of
USZH0501 30891, and derivatives derived from GLEP-1-(7- 34)yCOOH and the corresponding acid
amide are employed which have the following general formula: B-NH-
HAEGTFTSDYSYLEGOAAREFIAWLVE-CONH, wherein B=H or an organic compound
having from 1 to 18 carbon atoms. Preferably, R s the residue of a carboxvlic acid. Particularly
preferred are the following carboxyvlic acid residues: formyl, acetvl, propionyl, isopropionyvi,
methvi) ethyl, propyl, isopropyl, n-butvl, sec-butyvl, tert- butyl) and glp-1 {glucagon-like
polypeptide~ 1), glucocarticnid antagonists, glucoae transporior inhibitors, growth hormone
seorctagogues {such as those disclosed and specifically described in UBSS3467143, interloukin-6
{IL-6} and modulators thereot {as in WOU3/857237, and the fike), b- carnitine, Me3r
{melanocortin 3 receptor’ agonists, MOHZE {melanin concentrating hormone 2R)
agonist/antagonists, melanin concentrgting hormone antagonists, melanacoriin agonists {such as
Melanotan 1} or those deseribed in WO 99/64002 and WO 80/74479), nomame herba, phosphate
transporter inhibitors, phytopharm compound 37 (CF 6446733, pyravate, SCD-1 {stearoyl-CoA
desaturase-1} inhibitors, T71 (Tularik, Inc, Boulder U0}, Topiramate (Topimaex®, indicated g3
an anti-convulsant which has beon shown to increase weight loss), transoription factor
modudators {such as those disclosed m WOO3/0265746), B-hydroxy stercid debvdrogenase- 1
mhibitors {8 -HSD-1, B-hyvdrowy-B-methyibutyrate, p87 (Phizer), Zonisamide (Foncgran™,
indicated as an anti-cpioptic which has been shown to lead to weight loss), and the agents
disclosed in USZ00301 19428 paragraphs 20-26.

Anti-fxabaiic Agenis
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The GCRA peptides desoribed berein can be used in therapeutic comnbination with one or
more anti-diabetic agonts, includmg but not bmiied to; PRARy agonisis such as glitaroncs {e. g,
WAY-120.744, AD 5475, balaglitarone, cightarone, darghitarone (CP-86325, Pfizer},
cuglitazone (CP-6R722, Plizer), tsaglitazone OMIT/AIE D, MOC- 555 (Mitsibishi disclosed in
1IR5594016). ploglitazone {such as such as Actos pioglitazone; Takeda), rosiglitazone
(Avandia Smith Kline Beecham), rosiglitazons maleate, troglitazone {Remudin®, disclosed in
VIR4572912), vivoglitazone (TS-01 1, Sankve), GL-262570 ((Haxe Welcome), BRLASGSS
{disclosed in WOSE/O5331), CLX-0921, S-BTZ0, GW-0207, LG~ 100641, 1IT-301
{(IPNT/P&EUY, L-E93645 (Merck), R-TE9702 (Sankyo/Plizer), NN-2344 (Dr. Reddy/MNN3, Y M-
448 {Yamancouchi), LY-300512, LY-319818, R483 (Roche), T131 {Tularik), and the like and
compounds disclosed i LIBAGKTTT7, LINS0OZ953, USST741503, UKS965584, ULsI50383,
USHISO384, US6166042, US6166043, USG 72090, US62 11205, LIRe271243, 1ISO2UBHGS,
LIS0303640, USS329404, LISS5994554, WOS7/10813, WOST/27857, WO9T/28115,
WORT2RI37, WOST/27847, WG/ 76488, WO03/000685 WOH3/A2711 2, WO03/035602,
WOO3/0481 30, WOD3/055867, and pharmacentically acceptable salts thereof, biguanides such
as metformin hydrochloride (N N-dimethvlimidedicarbontmidic diamide hydrochloride, such as
Glucophage™, Bristol-Myers Squibbl metformin hydrochloride with glyburide, such as
Glucovance™, Bristol-Myeors Squibbl; buformin (Imidedicarbonimidic diamide, N-butyl);
ctotormine (I-Butyl-2-cthyibiguanide, Schoring AL G} other metformin salt forms {including
where the sait is chosen from the group of, acetate, benzoate, citrate, fimaraie, embonste,
chlorophenoxvacetate, ghveolate. palmoate, aspartate, methancsulphonate. maleate,
pargchlprophenoxyisobutvrate, formate, laciate, succinate, suiphate, tartrate,
eyclohexanccarboxylate, hexanoate, octanoate, decancate, hexadecanoate, octodecanoate,
benzenesulphonate, trimethoxybenzoate, paratoluenesulphonate, adamantanscarboxylate,
shveoxvlate, glutarnaie, pyrrolidonecarboxyiate, naphthalenesulphonate, -glucosephosphate,
oitrate, sulphite, dithionate and phosplate}, and phenforming protein tyrosine phosphatase- 1B
{PTP-1B) inhibitors, such as A-401.,674, KR 61639, OC- Gad062, OC-23839, OC-297962,
®MOS2445, MOS24583, 1815 113715, and those disclosed i WODR/SE5521, WORR/SES1E,
SWOGG/SEE2, WOUG/MA1435, WORZ/032916, WOU3/032982, wWOU3/41 7248, WON3/0558835,
WOUZ/26707. WORZ/26743, IP20021 147628, and pharmaceutically acceptablo salts and estors
thereof; sulfooyvluress such as acetobexamide {e.g. Dymelor, ER Lilly), carbutamide,
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chlorpropamide (e.g. DHabinese®, Plizer}, ghamilide (?ﬁzer}, ghiclazide {e.2. Dnamoeron, Servies
Canada Inc), ghmepiride {e.g. disclosed i US43792785, sach as Amaryl |, Aventis), ghipontide,
slipizide {e.g. Ghicotrol or Ghucotrol X Extended Release, Plizer), ghiquidons, glisclamide,
glvburide/glibenclamide (e g Micronase or Glynase Prestab, Pharmacis & Upjohn and Diabeta,
Aventis), tolazarmide {e.g. Tolinase), and tolbitamide {e.g. Crinase}, and pharmacenutically
acceptable salts and esters thereof;, meglitinides such as repaglinide {e.g Pramdin®, Novo
Nordisk}, KADI229 (PF/Hssei), and nateglinide (e g Starlix®, Novartis), and pharmacewtically
acceptable salts and asters thereof; o glucoside hydrolase inhibiiors (or glucoside inhibitors) such
as acarbose (e.z. Precose™ ), Bayer disclosed in 17834904769), mightol {such as GLYSET™,
Pharmacia & Upijohn disclosed m 1IS46392436), cammglibose (Methvl 6~deoxy-6-[{ZR IR 4R 58}
3.4, 5-rthydroxy-2- Chydroxymethyipiperidine J-alpha-D-ghucopyranoside, Marion Merrell
Dow), voglibose (Takeda), adiposine, emiglitate, pradimicin-Q3, salbostatin, CRD-711, MDL-
25637, MIDEL- 73945, and MOR 14, and the compounds disclosed in US4662950, LiS4174439,
US4254256, US4T01559, UUB4639436, UBS192772, UIB4634765, 1I551571 1o, US33044078,
LIS5091418, USS217877, UUS51091 and WO 1/473528 (polyamines}; g-amylase inhibitors such
as tendamistat, trestating and Al -36K¥, and the compounds disclosed in UN4451455,
1IS4623714, and US4273765; SGLT2 inhibtors mcluding those disclosed in US6414126 and
USHS15117; an aP2 inhibitor such as disclosed in 1JS654852%; insulin scorcatagogues such as
tinoglinde, A-4166, forskilin, dibutyrl cAMP | isobutvimcthyixanthine dBMX), and
pharmacguticslly acceptable salts and csters thereof; fatty acwd oxidation mhibitors, such gs
clomoxir, and ctomoxir, and pharmacentically accoptable salts and osters therenf; AT
antagonists, such as midaglizele, isaglidole, derighidole, idazoxan, earoxan, and fluparoxan, and
pharmaceutically accoptable salts and esters thereof, insulin and related compounds {e.g insulin
mimetics} such as biota, LE-100, novaraptd, insulin detemir, insulin Lispro, insulin glargine,
insulin zing suspension {lente and ulirslenie}, Lys-Pro insylin, GLP- (1-36) amide, GLP-1{73-7}
nsulidropin, disclosed in USS614482), LY-315902 (Liily)y, GLP-F {7-303-MH2), AL-401

{ Autaimmunc}, ceriain compositions as disclosed in US4579730, US4R49405, US4863526,
USS642868, USST762256, UJSAE24638, USAE435866, US6153637, UIS6191145, and WO
A5/05029, and privoate, rodent, or rabbit rosulin inchuding hiologically active variants thereo!
meluding allelic variants, more preferably human insolin svaiable in recombinant formo {sources

of buman msulin include pharmaceoutically accepiable and sicnile formulations such as those
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available from BH Lilly {Indiavapolis, Ind. 46285) as Hanwlin  (huran josalin rDNA origin),
also sco the THE PHYSICIAN'S DESE REFERENCE, 535 sup.th Bd, 2061} Medicsl
Eoonomies, Thomson Healtheare (disclosing other suitable buman msubing): non-
thiazolidinediones such as JT-301 and farglitazay (GW-2570/GI- 262579}, and pharmacentically
aceeptable salls and osters thereot, PPARw/y dusl agonists such as AR-HO39242 {Aztrazeneca),
GW-409544 (Haxo-Wellcome), BVT-142, CLX-0940, GW-1336, GW-1929, GW-2433 BRP-
297 (Kyorin Merck;, 5-{(2,4-Doxo thiazolidinymethyll methoxy-N-[[4-
{triflporomethyvlphenyl] methvlibeneamide), L-796449, LR-80, ME-0767
{Merck/Kyoris/Banyu), 5B 219994, praglitazar (BMB), tesaghitear { Astrareneca}, reglitarar
{ITT-5381 and those disclosed in WOI9/16758, WOBH/I9313, WOHSQ/206 14, WO99/38854,
WOHNE 23415, WOHRY2341 7, WOOG/23445, WO/ 50414, wO01/00578, WO01/73150,
WOG2/062799, WOG3/004458, WOIR/O16265, WONR/O G0, WOOZ/A3348 1, WO03/433450,
WOOR/033453, WOD3/043985, WO G31053976, U5, application Ser. MNo. 09/664,598, fifed Sep.
18, 2000, Murakami ¢t al. Dvabotes 47, 1841-1847 {1998), and pharmaceutically acceoptable salts
and esters thereof, other tnsulin sensitizing drugs; VPACE receptor agonists; GLK modulators,
such as those disclosed in WO03/01 58774, retinoid modulators such as those disclosed in
WOOR/000249, GSE 35/GSK 3 inhibitors such as 4-[2-(2-bromophenyiy-4-{4-flucrophenyl-1H-
imidazol-3- ylipvridine and those componnds disclosed in WO03/024447, WOO3/03TEGS,
WONRA3TRT77, WOOI/03T7891, WOOS/06R773, BERI1295884 ) EP1295885, and the Like; glveogen
phosphorviase {HGLPa) inhibitors such as CP-36€,296, CP-316,81%, BAYR3401, and
compounds disclosed in WOO 124300, WOO2/20530, WO03/037804, and pharmaceutically
acceptable salts or esters thereof, ATP consumption promators such as those disclosed in
SWONZ/G0T7990; TRAS inhibitors; vanilioid receptor ligands such as those disclosed in
WO03/049702; hypoglycemic agents such as those disclosed tn WO03/015781 and
WON3/0401 14 glveoygen synthase kinase 3 inhibitors such as those disclosed in WO03/(356463
apeide such as those disclosed e WOOB/A12258, USZO0301 34890, WO01/24786, and

WOO3/057827, and the Tike; adenosine A2 am'agﬁraists such as those disclosed m WOG3/03 5639,
WONEA55640, and the ke, PPARG agovists such as GW 3813516, GW 3940735, and compounds
disclosed in JPLO237049 and WOOX/ 14291 dipeptidy] peptidase TV {DP-1V) inhubitors, such as
isoloucing thiazohidide, NVP-DPPT2RA (1- [ 2-[{S-cvanopyridin-2-
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yl)amino}eﬂl},f3}3}311’110}aua’.tyl}2~:;:yano—( Spyrrolidine, disclosed by Hughes et al, Biochemistry,
38{36Y, 1159711603, 194y P32/AR, NVP-LAF-237, PA29E, TSL225 (tryptophyl-1,2,3 4~
tetrabrvdro-isoquinoling-3-carboxylic acid, disclosed by Yamada et al, Bioorg. & Med. Chem.
Lewt, B {1998) 1537-1340), valine pyrrohidide, TMC-2A/28/2C, CD- 26 inhibitors, PESS5011,
PO3IO/K 364, VIR 0177, BPP4, SDZ 274-444 ) 2-cvanopyrrohdides and 4-cvanopyrrolidides as
disclosed by Ashworth et al, Bioorg. & Med. Chem. Lett, Vol. 6, Mo, 22, pp 1163-1166 and
27453-2748 {1996} ,and the compounds disclosed in USE3933767, USHST32R7, USE3957467
{vompounds disclosed mnchude BMS-4771TR, BM3-471211 and BMS 338 305), WO99/38501,
WOSHAGZT2, WOYS/GT2TS, WORG/ET2TE, WRY/6 1431 W0O03/004498, WO03/004496,
EPI258476, WOOZ/GKR2E, WONZAG2T764, WHG/B00250, WOO3/062530, WO03/002531,
WOHB/002553, WOUZ/HIZS93, WOGI/O001 80, and WOUR/0001KE, GLP- agonists such as
exendin-3 and exendin-4 (including the 39 aa polvpeptide synthetic exendin-4 called
Excnatide®}, and compounds disclosed in USZO03087821 and WNZ 5304256, and
pharmaccutically acceptable salts and esters thereot: peptides including amdintide and Svimlin®
{pramlintide acctatel; and glveokinase activators such as those disclosed in US2002103199
(fused heteroaromatic compounds) and WO2/48106 {iscindolin-1-one-substituted propionamide

compounds).

Phesphodiesterase inhibitors

The GURA peoptides described herein can be used in combination therapy with a
phosphodiesterase inhubitor. PDE inhibitors are those compounds which slow the degradation of
cyolic AMP {cAMP} and/or cvelic GMP (eGMP) by inhibition of the phosphodiesterases, which
can lead to a relative ingrease in the intracellnlar concentration of ¢ AME and/or cGMP.
Possible PDE inhibitors are privsarily those substances which are to be numbered among the
class consisting of the PDES inhibitors, the class consisting of the FIE4 inhibitors und/or the
clags consisting of the PIDES inhibitors, io particular those substances which can be designated as
mixed types of PDEI inhibitors or as mixed types of PREZ/AS inhihitors. By way of example,
those PRIE inhibitors may be mentioned such as are deseribed and/or elaimed in the following
patent applications and patents: DE1470341, DEZI08438, DEII3328, DE230533
DE230357S5, DEIZIER0], DE240290E, DEZ4I3935, DE2AS 1417, DE2438098, DEL646469,
DE2727481, DE2S23048, DEIRATI6, DEZSAS220, DE284762T, DE2934747, DE3(21792,
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DE3G38166, DE3N445a6R, EPOOOGTIE, BEPOG0R40GR, EPOGIOTE0, BPOGST4E, ERPOOTS543¢,
EPO0S6STT, EPOL 2987, EPO 16948, EPGTS0937, BPUISE3E0, EPOIRT632, EPOI6IRIE,
FPOI6TI21, ERGISSI27, BEPO220044, BEPO247725, BEPO258191, FPI2T729140, EPO272914,
EP0294047, EPO300726, EPO335386, EPO337788, EPO3EI282, EFD406958, EPO426180,
EPO428302, EPO4358TT, BEPO470805, BEPO4R2Z20R, HRO4G0K23, BEPIS06194, EPOSTIRGS,
EPOS27117, EPO626939, EPN6642RS, EPOSTI3E9, BEPU6E3474, ERFDGR3475, EPO6E3479,
JPGR2234389, IP94329652, JPSA01087S, U.S, Pat. Nos, 4,903,561, 5,141,931, WOS117991,
WOG200968, WOO2I2961, W80T 46, WO9215044, WIHB315045, WO9318024.
WOS3TO06R, WORITeT720, WO9319747, WOB319749, WOS319751, WOR325517,
WOS402465 WOS406423, WOS412461, WO420455, WIS422852, W(39425427,
WO4ZT947, WORS00516, WORSHI98Y, WHISGE 794, WOUSHAES, WIS34046,
WORSG5386, WOSSHEE34, WOBS0062 3, WORAN9624, WIIOSH9627, WS (9834,
WO9STA66T, WSS 14680, WO9S14681, WO0S17382, WOS517399, Wi9518362,
WORS22520, WOOSZ438], WOBs27692, WODS2E92s, WI9S352RY, WOUS35282,
WOIGGH2IE, WOSGOIR2S, WO9(2541, WOS611917, DEI142982, BEL 116676, DE2162096,
EPO2930063, EPO403756, EPO4R2ZOK, EP0O379496, EPOAGTI45 1186331 543 LIR20050004222
{including these disclosed in formutas 12X and paragraphs 37-39, 850345 and 3537-377} and
WORSGT124, EPOIA3GES, EPO393500, EPG5105a2, BPDSA3174, WO9501 338 and WOMG3399.
PDES inhibitors which may be mentioned by way of cxample are R¥-RA-68, SUH-31866, K-
734, vesnarinone, Zaprinast, SKE-96231, ER-Z1355, BF/GP-385, NM-78Z and stldenafil
{Viasgra®y, PDE4 inhubitors which may be mentioned by way of cxample are RO-20-1724,
REM 1414 (R1333/R1500; Pharmacia Rochel, DENBUFYLLINE, ROLIPRAM,
OXAGRELATE, NITRAQUAZONE, Y-590, DH-6471, SKF-941 20, MOTAPIZONE,
LIXAZINONE, INDOLIDAN, CLPRINONE, ATIZORAM, KS-506-G, DIPAMEPYELLINE,
BMY-43351, ATIZORAM, ARCEYLLINE, FILAMINAST, PDB-003, UCB-20640, CDP-8440,
SEF- 107806, PICLAMILAST, RE- 175397, RE-253344-000, 8B-20745%, TIRENELAST, SB-
210067, SB-211572, SB-2HE600, SB-212066, SB-212179, GW-3600, CDP-840, MOPIDAMOL,
ANAGRELIDE, IBUDILAST, AMRINGONE, PIMOBENDAN, CILOSTAZOL, QUAZINONE
and M-{3,5-dichloropyrid-4-vi-3-cvelopropyimethoxyd-dittuoromethoxybenzamide, PLDES
nhibitors swwhich may be mentioned by way of example are SULMAZCLE, AMPIZONE,
CILOSTAMIDE, CARBAFERAN, PIROXIMONE, IMAZODAN, CI-330, SICGUAZGDAN,
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ADIBENDAN, SATERINONE, 3KF-95654, SDZ-MKS-492, 340-11-85, EMORADAN, EMD-
53998, EMID-374033, NSP-306, NSP-307, REVIZINONE, NM-702, WIN-62387 and WIN-

63291, ENOXNIMONE and MILRINONE. PDES/4 inhibitors which may be mentioned by way of

example are BENAFENTRING, TREQUINSIM, ORG-30029, ZARDAVERINE, L-686398,

SDE-IS-844, ORG-20241, EMD-54622, and TOLAFENTRINE. Other PDE inhibitors include:

ctlomilast, pentoxifviline, refhunilast, tadalafii{Cialis®), theophyiline, and vardenafil{Levitra®},

zaprivast (PDES specific).

Anii- Urerine Contractions Ageats

The GURA peptides deseribed heren can be used o combination therapy (for example,
i srder o decrease or inhibit uterine contractions) with a tocolytic agent including but not
iimited to beta-adrencrgic agents, magnesium sulfate, prostaglandin inhibitors, and calcium

channe! biockers.

Anti- Neoplastic Agents
The GURA peptides deseribed herein can be used in combination therapy with an

antincoplastic agents including but not limited to alkylating agents, epipodophyliotoxins,

el

nitrosonreas, antimetabelites, vinca alkaloids, anthracyeline antibintics, nitrogen mvatard agents,

and the hike. Particular anti-nooplastic agents may include tamoxifen, taxol, ctoposide and 5-
flusrouracil
The GCRA peptides described herein con be gsed in combination therapy {for example

as in a chemotherapeutic composition) with gn antiviral and monocional antibody therapics.,

Agenis 1o trear Congestive Heart Failurs

The GCRA peptides described herein can be used in combination therapy {for example,
in prevention/iroatment of gongestive heart fatlure or another method desoribed herein) with the
partial agonist of the nociceptin receptor ORLY deseribed by Doaley et al. {The Journal of
Pharmacology and Experimental Therapeutics, 283 (23 735-741, 1997}, The agonistis a
hexapeptide having the aminoe acid sequence Ac- RYY (RKY (W (RKG-NH2 {"the Dooley
potyvpeptide™), where the lyackers show allowabls variation of amine acid resudue. Thus Dooley
polvpeptide can inclode but are not hmited to KYYRWER, RYYRWR, KWRYYR, RYYRWK,
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RYYRWK (ali-D3 amin acids}, RYYRIK, RYYRIE, RYYKIF, RYYKIR, RYYKWE,
RYYREWK, RYYRWR, RYYRWE, RYYRIC RYYRKWER, RYYRKWE, RYYRWEK and
KYYRWE, wheremn the amine acid residoes are in the L-form unless otherwise specified. The
GURA peptides desceribed herein can alse be used in combination therapy with polypeptide

conjugate modifications of the Dooley polvpeptide described in WODISR324,

DOSAGE

Dosage levels of active ingredients in a pharmaceutical composition can also be varied so as
to achieve a transient or sustained concentration of the compound in a subject, especially in and
around the site of inflammation or disease area, and to result in the desired response. It is well
within the skill of the art to start doses of the compound at levels lower than required to achieve
the desired effect and to gradually increase the dosage until the desired effect is achieved. It will
be understood that the specific dose level for any particular subject will depend on a variety of
factors, including body weight, general health, diet, natural history of disease, route and
scheduling of administration, combination with onc or morc other drugs, and scverity of discasc.

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

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

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

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

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

above.

EXAMPLES

EXAMPLE 1: SYNTHESIS AND PURIFICATION OF GCRA PEPTIDES

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

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

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

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

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

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

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

Each disulfide bonds was introduced orthogonally. Briefly, the crude synthetic product
was dissolved in water containing NH,OH to increase the pH to 9. Following complete
solubilization of the product, the disulfide bond was made between the Ttt deprotected Cys
residues by titration with H,O,. The monocyclic product was purified by RP-HPLC. The purified
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mono-cyclic product was subsequently treated with a solution of iodine to simultancously
rcmove the Acm protecting groups and introducc the sccond disulfide bond.

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

Each product was then purified by RP-HPLC using a combination buffer system of
TEAP in H20 versus MeCN, followed by TFA in H2O versus MeCN. Highly pure fractions
were combined and lyophilized. The final product was converted to an Acetate salt using either
ion exchange with Acetate loaded Dow-Ex resin or using RP-HPLC using a base-wash step with
NH4OAc followed by 1% AcOH in water versus MeCN.

It is also possible to prepare enterotoxin analogs using a random oxidation methodology
using Cys(1'rt) in Fmoc or Cys(MeB) in Boc. Following cleavage, the disulfide bonds can be
formed using disulfide interchange redox pairs such as glutathione (red/ox) and/or
cysteine/cystine. This process will yield a folded product that the disulfide pairs must be

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

Boc-Bzl Process

Peptide synthesis is initiated on a Merrifield or Pam pre-loaded resin or with mBHA for
peptides produced as C-terminal amides. Each synthetic cycle consists of a deprotection step
with 50% TFA in MeCL2. The resin is washed repetitively with MeCl2 and MeOH. The TFA
salt formed 1s neutralized with a base wash of 10% TEA in MeCI2. The resin is washed with
MeCl2 and MeOH and lastly with DMF prior to coupling steps. A colorimetric test is conducted
to ensure deprotection. Each coupling is mediated with diisopropyl carbodiimide with HOBT to
form the active ester. Each coupling is allowed to continue for 2 hr at RT or overnight on
difficult couplings. Recouplings are conducted with cither Uronium or Phosphonium reagents
until a negative colorimetric test is obtained for free primary amines. The resin is then washed
with DMF, MeCl2 and MeOH and prepared for the next solid-phase step. Cys protection utilizes
Cys(Acm) at positions 7 and 15, and Cys(MeB) at Cys 4 and Cys12.

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

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

EXAMPLE 2: IN VITRO PROTEOLYTIC STABILITY USING SIMULATED GASTRIC FLUID
(SGF) DIGESTION

The stability of the GRCA peptide according to the invention is determined in the
presence of simulated gastric fluid (SGF) . GRCA peptide (final concentration of §.5 mg/ml) is
incubated in SGF (Proteose peptone (8.3 g/liter; Difco), D-Glucose (3.5 g/liter; Sigma), NaCl
(2.05 g/liter; Sigma), KH ;P04 (0.6 g/liter; Sigma), CaCl; (0.11 g/liter), KCI (0.37 g/liter;
Sigma), Porcine bile (final 1 X concentration 0.05 g/liter; Sigma) in PBS, Lysozyme (final 1 X
concentration 0.10 g/liter; Sigma) in PBS, Pepsin (final 1 X concentration 0.0133 g/liter; Sigma)
in PBS). SGF is made on the day of the experiment and the pH is adjusted to 2.0 = 0.1 using
HCI or NaOH as necessary. After the pH adjustment, SGF is sterilized filtered with 0.22 pm
membrane filters. SP-304 (final concentration of 8.5 mg/ml) is incubated in SGF at 37°C for 0,
15, 30, 45, 60 and 120 min in triplicate aliquots. Following incubations, samples are snap frozen

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

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

The stability of the GRCA peptide is also evaluated against digestion with simulated
intestinal fluid (SIF). SIF solution was prepared by the method as described in the United States
Pharmacopocia, 24th edition, p2236. The recipe to prepare SIF solution is as described below.
The SIF solution contains NaCl (2.05 g/liter; Sigma), KH ,PO4 (0.6 g/liter; Sigma), CaCl, (0.11
g/liter), KCI (0.37 g/liter; Sigma), and Pacreatin 10 mg/ml. The pH is adjusted to 6 and the
solution is filter sterilized. A solution of SP-304 (8.5 mg/ml) is incubated in SGF at 37°C for 0,
30, 60, 90, 120, 150 and 300 min in triplicate aliquots. Following incubations, samples are
rcmoved and snap frozen with dry icc and stored in a -80°C freezer until they arc assaycd in

duplicate. F

The integrity of GRCA peptide is evaluated by HPLC by essentially using the method
described for SGF digestion.
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ExXAMPLE 4: CycLIC GMP STIMULATION ASSAYS

The ability of the GCRA peptide to bind to and activate the intestinal GC-C receptor is
tested by usingT 84 human colon carcinoma cell line. Human T84 colon carcinoma cells are
obtained from the American Type Culture Collection. Cells are grown in a 1:1 mixture of Ham's
F-12 medium and Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum, 100 U penicillin/ml, and 100 pug/ml streptomycin. The cells are fed fresh medium
every third day and split at a confluence of approximately §0%.

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

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

EXAMPLE 5: PEGGYLATED PEPTIDES

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

described above.

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

Regulation of intracellular concentrations of cyclic nucleotides (i.e., cAMP and ¢cGMP)
and thus, signaling via these second messengers, is generally considered to be governed by their
ratcs of production versus their rates of destruction within cells. Thus, levels of cGMP in tissucs

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

phosphodiesterases (cGMP-PDE), which are generally overexpressed in cancer and
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inflammatory diseases. Therefore, a combination consisting of an agonist of GC-C with an
inhibitor of cGMP-PDE might producc syncrgistic cffcct on levels of cGMP in the targct tissucs

and organs.

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

synergistic effect on intracellular accumulation of cGMP

EXAMPLE 7: AN ORAI RANGE-FINDING TOXICITY STUDY IN CYNOMOILGUS MONKEYS.

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

different dose levels.

Experimental Design

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

indicated in the tables below:

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

Monkey colony and assigned to four dose groups as follows:

Group | Group Study | Dose Dose Dose Number of
Number | Designation Days | Level Concentration | Volume | Animals
(mg/kg) | (mg/mL) (mL/kg) | (Females)
] 1 0 0 10

1 Control/Vehicle 7} 2

1 1 0.1 10
2 Test Peptides 4 2

4
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Following completion of the Phase 1 dosing, all monkeys will be observed for 33 days.

Upon complction of the obscrvation period, all monkeys will be transferred back to the ITR
Spare Monkey Colony.
Phase 2:

The same cight non-naive female cynomolgus monkeys as previously used in Phase 1

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

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

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

minimum of 7 days.

Route of Administration

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

therapeutic route.

Preparation of Test and Control /Vehicle Articles

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

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

Analvsis of Test Article Concentration and Stability in the Dose Formulations

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

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

Dcpartment as soon as possiblc after complction of dosing.

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

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

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

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

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

procedures.

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

prior to sampling.

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

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

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

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

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

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

Test System

Species/Strain:
Source:

Total No. of monkeys on study:

Body Weight Range:
Agc Rangc at Start:
Acclimation Pcriod:

Cynomolgus Monkey (Macaca Fasicularis)
orldwide Primates Inc.,

P.O. Box 971279

Miami, Florida, 33187, USA

and

Covance Research Products Inc.

P.O. Box 549

Alice, Texas, 78333, USA

8 non-naive females

2-4 kg at onset of treatment

Young adult at onsct of trcatment

The animals will be transferred from ITR’s sparc
monkey colony. They are therefore, considered to
be fully acclimated to the laboratory environment.
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The actual age and body weight ranges will be noted in the final report.

Administration of the Test and Control/Vehicle Articles

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

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

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

in an ice water bath.

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

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

Clinical Observations

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

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

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

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

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

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

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

animal transfer and once weekly thereafter.

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

to administration of thcrapcutic drugs.

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

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

through to the end of the study.

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

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

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

given in order to calculate the number of cookies eaten.

EXAMPLE 8: SUCKLING MOUSE MODEL OF INTESTINAL SECRETION (SUMI ASSAY)
The GCRA peptides described herein can be tested for their ability to increase intestinal

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

Phenylbenzoquinone-induced writhing model
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The PBQ-induced writhing model can be used to assess pain control activity of the
GCRA peptide described herein. This model 1s described by Sicgmund ct al. (1957 Proc. Soc.
Exp. Bio. Med. 95:729-731). Briefly, one hour after oral dosing with a test compound, e.g., a
GCRA peptide, morphine or vehicle, 0.02% phenylbenzoquinone (PBQ) solution (12.5 mL/kg)
is injected by intraperitoneal route into the mouse. The number of stretches and writhings are
recorded from the 5™ to the 10™ minute after PBQ injection, and can also be counted between the
35™ and 40™ minute and between the 60™ and 65™ minute to provide a kinetic assessment. The
results are expressed as the number of stretches and writhings (mean = SEM) and the percentage
of variation of the nociceptive threshold calculated from the mean value of the vehicle-treated
group. The statistical significance of any differences between the treated groups and the control
group 1s determined by a Dunnett's test using the residual variance after a one-way analysis of

variance (P< 0.05) using SigmaStat Software.

EXAMPLE 9 : PHARMACOKINETIC PROPERTY DETERMINATION OF GCRA PEPTIDES

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

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

properties including area under the curve and bioavailabilty are determined.

EXAMPLE 10: DIURESIS RELATED EXPERIMENTS EFFECT ON DIURESIS AND NATRIURESIS

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

excretion are determined for each collection interval. Blood pressure is monitored continuously.
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For each dose a dose-response relationship for urine volume, sodium and potassium excretion
can bc determined. Plasma concentration of the polypeptide/GC-agonist is also determined

before and after iv infusion.

Mouse or Primate Diuresis Experiment: Once an appropriate level of anesthesia has been
achieved, a sterile polyurethane catheter is inserted into the urethra and secured using 1 - 2 drops
of veterinary bond adhesive applied to urethra/catheter junction. Animals are then dosed with
either vehicle or test article via the intravenous or intraperitoneal route. Animals are allowed to
regain consciousness, and the volume of urine excreted over a 1-5 hour duration is recorded

pcriodically for cach rat.
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We claim:

L. A peptide consisting essentially of the amino acid sequence of any one of SEQ ID
NO:2-8§.

2. A pharmaceutical composition in unit dose comprising a guanylate cyclase

receptor agonist peptide having the sequence of any one of NO:2-8 present in a therapeutically
effective amount and a pharmacetical carrier, excipient or diluent.

3. The pharmaceutical composition of claim 2, wherein the unit dose form is
selected from the group consisting of a tablet, a capsule, a solution or inhalation formulation.

4. A method for preventing or treating a condition selected from the group
consisting of Ulcerative Colitis, Irritable bowel syndrome (1BS), necrotizing enterocolitis (NEC)
non-ulcer dyspepsia chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-
obstruction, duodenogastric reflux, constipation associated with use of opiate pain killers,
gastroesophageal reflux disecase (GERD), post surgical constipation, gastroparesis, constipation
associated with neuropathic disorders, heartburn, poor gastrointestinal motility , congestive heart
failure, hypertension, benign prostatic hyperplasia (BPH), colon cancer, lung cancer, bladder
cancer, liver cancer, salivary gland cancer or skin cancer, bronchitis, tissue inflammation, organ
inflammation, respiratory inflammation, asthma, COPD comprising administering toa patient in
need thereof, an effective dosage of a guanylate cyclase receptor agonist having the sequence of
any on¢ of NO:2-8.

5. A method of claim 4, further comprising administering an effective dose of
inhibitor of a cGMP-specific phosphodiesterase.

6. The method of claim 5, further comprising administering to said patient an
effective dose of an inhibitor of cGMP-dependent phosphodiesterase either concurrently or
sequentially with said guanylate cyclase receptor agonist.

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

8. The method of claim 4, futher comprising administering an effective does of at

least one anti-inflammatory agent.
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9. The method of claim 8, wherein an anti-inflammatory agent is a steroid or
nonstcroid anti-inflammatory drug (NISAIDS).

10 The use of any one of the peptides having the sequence of any one of SEQ ID
NO:2-8 in the manufacture of a medicament for the treatment of a human disease.

11. A method of increasing cGMP production in a cell comprising contacting said cell
with a peptide selected from the group consisting of the amino acid sequence of SEQ 1D NO:2-8.

12. The method of claim 11, further comprising contacting said cell with a
phosphodiesterase inhibitor.

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

vardenifil, and suldenifil.
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AGONISTS OF GUANYLATE CYCLASE USEFUL FOR THE
TREATMENT OF GASTROINTESTINAL DISORDERS,
INFLAMMATION, CANCER AND OTHER DISORDERS

RELATED APPLICATIONS

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

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

The present invention relates to the therapeutic use of guanylate cyclase C (GC-C)
agonists as a mcans for cnhancing the intraccllular production of cGMDP. The agonists may bc
used cither alone or in combination with inhibitors of cGMP-specific phosphodiesterase to
prevent or treat inflammation, cancer and other disorders, particularly of the gastrointestinal tract

and the lung.

BACKGROUND OF THE INVENTION

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

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

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

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

In addition to a role for uroguanylin and guanylin as modulators of intestinal fluid and
ion secretion, these peptides may also be involved in the continual renewal of GI mucosa by
maintaining the balance between proliferation and apoptosis in cells lining GI mucosa.
Therefore, any disruption in this renewal process, due to reduced production of uroguanylin
and/or guanylin can lead to Gl inflammation and cancer (25, 26). This is consistent with
previously published data in WO 01/25266, which suggest a peptide with the active domain of
uroguanylin may function as an inhibitor of polyp development in the colon and may constitute a
treatment of colon cancer. However, recent data also suggest that uroguanylin also binds to a
currently unknown receptor, which is distinct from GC-C receptor (3,4). Knockout mice lacking
this guanylate cyclase receptor show resistance to ST peptides in the intestine, but effects of
uroguanylin and ST peptides are not disturbed in the kidney in vivo (3). These results were
further supported by the fact that membrane depolarization induced by guanylin was blocked by
genistein, a tyrosine kinase inhibitor, whereas hyperpolarization induced by uroguanylin was not
effected (12, 13). Thus, it is not clear if the anti-colon cancer and anti-inflammatory activities of

uroguanylin and its analogs are mediated through binding to one or both of these receptors.
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Inflammatory bowel disease is a general name given to a group of disorders that cause
intestines to beccome inflamed, characterized by red and swollen tissuc. Gastrointestinal (G1)
inflammation can be a chronic condition and often leads to GI cancer (14). Examples of such
inflammatory bowel discases (IBD) include Crohn's disease and ulcerative colitis (UC). Itis
estimated that as many as 1,000,000 Americans are afflicted with IBD, with male and female
patients appearing to be equally affected. Most cases are diagnosed before age 30, but the
disease can occur in the sixth, seventh, and later decades of life.

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

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

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

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

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

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

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

syndrome (IBS) were regarded as completely separate disorders. Now, with the description of
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inflammation, albeit low-grade, in IBS, and of symptom overlap between IBS and celiac disease,
this contention has comc undcer question. Acutc bacterial gastroenteritis is the strongest risk
factor identified to date for the subsequent development of 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 increased intestinal
permeability and low-grade inflammation, as well as altered motility and visceral sensitivity
(27). Serotonin (5-hydroxytryptamine [5-HT]) is a key modulator of gut function and is known
to play a major role in pathophysiology of IBS. It has been shown that the activity of 5-HT is
regulated by cGMP (28). Therefore, based on this observation as well as other effects of cGMP,
we believe that GC-C agonists will be useful in the treatment of 1BS.

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

SUMMARY OF THE INVENTION

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

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

obstruction, duodenogastric reflux, gastroesophageal reflux disease (GERD), ileus inflammation
5
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(e.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI tract), constipation
(e.g., constipation associatcd with usc of mcdications such as opioids, ostcoarthritis drugs ,
osteoporosis drugs; post surigical constipation, constipation associated with neuropathic
disorders. Inflammatory disorders include tissue and organ inflammation such as kidney
inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s discase and
ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung inflammation (e.g., bronchitis
or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung Disorders include for example
chronic obstructive pulmonary disease ( COPD), and fibrosis. Cancer includes tissue and organ
carcinogenesis including metatases such as for example gastrointestinal cancer, ( e.g., gastric
cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal cancer,
liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer (e.g.,
melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood cancer
(e.g. myeloma or leukemia) or prostate cancer. Cardiac disorders include for example,
congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglycerides.
Liver disorders include for example cirrhosis and fibrosis. 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), Sjogren's syndrome, gum diseases (e.g.,
periodontal disease), or salivary gland duct blockage or malfunction. Prostate disorders include
for example benign prostatic hyperplasia (BPH). Endocrine disorders include for example
diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

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

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

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

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

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

Other features and advantages of the invention will be apparent from and are
encompassed by the following detailed description and claims.

DETAILED DESCRIPTION

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

shown in Table 1.
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The GC-C is expressed on various cells including on gastrointestinal epithelial cells, and
on cxtra-intcstinal tissucs including kidncy, lung, pancrcas, pituitary, adrenal, developing liver,
heart and male and female reproductive tissues (reviewed in Vaandrager 2002 Mol Cell Biochem
230:73-83). The GC-C is a key regulator of fluid and electrolyte balance in the intestine and
kidney. In the intestine, when stimulated, the GC-C causes an increase in intestinal epithelial
c¢GMP. This increase in cGMP causes a decrease in water and sodium absorption and an
increase in chloride and potassium ion secretion, leading to changes in intestinal fluid and
electrolyte transport and increased intestinal motility.

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

arc collectively refered to hercin as “GCRA peptides™.
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Table [ GCRA Peptides

Name | Structure SEQIDNO:
SP04 | Asa-Asp-GluCys™GluLeu"-Cys -Val™Asa -Vl -Ala"Cys ~Thr"Gly Cys Lo I
SP-304 | PEG3-Asn'-Asp'-Glu™Cys™Glu' Leu™Cys -Val Asn™-Val ™ Ala™-Cys TGy “CysLen™ |2
GG | PLG3

SP-304 | PRG-Asn'-Asp™-Glu™Cys™-Glu™Len™Cys -Vl Astr -Vl Al -Cys - Thr "Gy ™Cys Len” |3
NPEG

SP-304 | Asn'-AsyGlrCys™GluLe™Cys -Val™Asn -Val A" -Cys T -Gly™Cys -Leu "PEGS |4
CPEG

G6LTO6FT/600T OAA

88TIF0/600TSN/LDA
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The GCRA peptides described herein bind the guanylate cyclase C (GC-C) and stimulate
intraccllular production of cyclic guanosinc monophosphate (cGMP). Optionally, thc GCRA
peptides induce apoptosis. In some aspects, the GCRA peptides stimulate intracellular cGMP
production at higher levels than naturally occurring GC-C agonists (e.g., urogunanylin, guanylin,
and ST peptides) and/or SP-304. For example, the GCRA peptides of the invention stimulate 5,
10%., 20%, 30%, 40%, 50% , 75%, 90% or more intracellular cGMP compared to naturally
occurring GC-C angonists and/or SP-304. The terms induced and stimulated are used
interchangeably throughout the specification. The GCRA peptides described herein are more
stable than naturally occurring GC-C agonists and/or SP-304. By more stable it is meant that the
peptide degrade less and/or more slowly in simulated gastrointestinal fluid and/or simulatd
intestinal fluid compared to naturally occurring GC-C angonists and/or SP-304. For example,
the GCRA peptide of the invention degrade 2%, 3%, 5%, 10%, 15%, 20%, 30%, 40%, 50% ,
75%, 90% or less compared to naturally occurring GC-C angonists and/or SP-304.

The GCRA peptides described herein have therapeutic value in the treatment of a wide
variety of disorders and conditions including for example gastrointestinal disorders,
inflammatory disorders, lung disorders, cancer, cardiac disorders, eye disorders, oral disorders,
blood disorders, liver disorders, skin disorders, prostate disorders, endocrine disorders,
increasing gastrointestinal motility and obesity.Gastointestinal disorders include for example,
irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic
intestinal pscudo-obstruction, functional dyspcepsia, colonic pscudo-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 , ostecoporosis drugs; post surigical
constipation, constipation associated with neuropathic disorders. Inflammatory disorders include
tissue and organ inflammation such as kidney inflammation (e.g., nephritis), gastrointestinal
system inflammation (e.g., Crohn’s disease and ulcerative colitis); pancreatic inflammation (e.g.,
pancreatis), lung inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis,
eczema) . Lung Disorders include for example chronic obstructive pulmonary discase (COPD),

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

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

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

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

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

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

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

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

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

Binding of the present agonists to a guanylate cyclase receptor stimulates production of
c¢GMP. This ligand-receptor interaction, via activation of a cascade of cGMP-dependent protein
kinases and CFTR, induces apoptosis in target cells. Therefore, administration of the novel
peptides defined by SEQ ID NO:2-4, as shown in Table I are useful in eliminating or, at least
retarding, the onset of gastrointestinal disorders, inflammatory disorders, lung disorders, cancer,
cardiac disorders, eye disorders, oral disorders, blood disorders, liver disorders, skin disorders,
prostate disorders, endocrine disorders, increasing gastrointestinal motility and
obesity Gastointestinal disorders include for example, irritable bowel syndrome (IBS),
necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,
functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroesophageal reflux
discase (GERD), ilcus inflammation (e.g., post-operative ilcus), gastroparesis, heartburn (high
acidity in the Gl tract), constipation (e.g., constipation associated with use of medications such
as opioids, osteoarthritis drugs , osteoporosis drugs; post surigical constipation, constipation

associated with neuropathic disorders. Inflammatory disorders include tissue and organ
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inflammation such as kidney inflammation (e.g., nephritis), gastrointestinal system inflammation
(e.g., Crohn’s discasc and ulccrative colitis); pancreatic inflammation (e.g., pancrcatis), lung
inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung
Disorders include for example chronic obstructive pulmonary discase ( COPD), and fibrosis.
Cancer includes tissue and organ carcinogenesis including metatases such as for example
gastrointestinal cancer, ( e.g., gastric cancer, esophageal cancer, pancreatic cancer colorectal
cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer; lung
cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g.
bladder cancer or kidney cancer); blood cancer (e.g. myeloma or leukemia) or prostate cancer.
Cardiac disorders include for example, congestive heart failure, trachea cardia hypertension, high
cholesterol, or high tryglycerides. Liver disorders include for example cirrhosis and fibrosis.
Eye disorders include for example increased intra-ocular pressure, glaucoma, dry eyes retinal
degeneration, disorders of tear glands or eye inflammation. Skin disorders include for example
xerosis. Oral disorders include for example dry mouth (xerostomia), Sjogren's syndrome, gum
discases (e.g., periodontal discase), or salivary gland duct blockage or malfunction. Prostate
disorders include for example Benign prostatic hyperplasia (BPH). Endocrine disorders include
for example diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

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

GCRA PEPTIDES

In one aspect, the invention provides a GCRA peptide. The GCRA peptides are
analogues uroguanylin and bacterial ST peptide. No particular length is implied by the term
“peptide”. In some embodiments, the GCRA peptide is less than 25 amino acids in length, e.g.,

less than or equal to 20, 15, 14,13, 12, 11, 10, or 5 amino acid in length.
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The GCRA peptides can be polymers of L-amino acids, D-amino acids, or a combination
of both. For ¢cxamplc, in various cmbodiments, the peptides arc D retro-inverso peptides. The
term “retro-inverso isomer” refers to an isomer of a linear peptide in which the direction of the
sequence is reversed and the chirality of each amino acid residue is inverted. See, e.g., Jameson
et al., Nature, 368, 744-746 (1994); Brady er 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 presumed that any given L-
amino acid sequence of the invention may be made into an D retro-inverso peptide by
synthesizing a reverse of the sequence for the corresponding native L-amino acid sequence. For
example a GCRA peptide includes the sequence of SEQ ID NO: SEQ 1D NO:2-4,

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

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

In certain embodiments, one or more amino acids of the GCRA peptides can be
replaced by a non-naturally occurring amino acid or a naturally or non-naturally occurring amino
acid analog. There are many amino acids beyond the standard 20 (Ala, Arg, Asn, Asp, Cys, Gln,

Glu, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val). Some are naturally-
15

3478



10

15

20

25

30

WO 2009/149279 PCT/US2009/046288

occurring others are not. (See, for example, Hunt, The Non-Protein Amino Acids: In Chemistry
and Biochcmistry of thc Amino Acids, Barrctt, Chapman and Hall, 1985). For cxample, an
aromatic amino acid can be replaced by 3,4-dihydroxy-L-phenylalanine, 3-iodo-L-tyrosine,
triitodothyronine, L-thyroxine, phenylglycine (Phg) or nor-tyrosine (norTyr). Phg and norTyr and
other amino acids including Phe and Tyr can be substituted by, e.g., a halogen, -CH3, -OH, -
CH2NH3, -C(O)H, -CH2CH3, - CN, -CH2CH2CH3, -SH, or another group. Any amino acid
can be substituted by the D-form of the amino acid.

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

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

Further examples of unnatural amino acids 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; an amino acid with a
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photoactivatable cross-linker; a spin-labeled amino acid; a fluorescent amino acid; an amino acid
with a novcl functional group; an amino acid that covalently or noncovalently intcracts 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 amino acid; a biotin or biotin-analogue containing amino acid; a
glycosylated or carbohydrate modified amino acid; a keto containing amino acid; amino acids
comprising polyethylene glycol or polyether; a heavy atom substituted amino acid (e.g., an
amino acid containing deuterium, tritium, 13C, ISN, or 18O); 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 amino acid, e.g., a sugar substituted serine or the
like; a carbon-linked sugar-containing amino acid; a redox-active amino acid; an a-hydroxy
containing acid; an amino thio acid containing amino acid; an a, a disubstituted amino acid; a 3-
amino acid; a cyclic amino acid other than proline; an O-methyl-L-tyrosine; an L-3-(2-
naphthyl)alanine; a 3-methyl-phenylalanine; a p-acetyl-L-phenylalanine; an O-4-allyl-L-tyrosine;
a 4-propyl-L-tyrosine; a tri-O-acetyl-GlcNAc B -serine; an L-Dopa; a fluorinated phenylalanine;
an isopropyl-L-phenylalanine; a p-azido-L-phenylalanine; a p-acyl-L-phenylalanine; a p-
benzoyl-L-phenylalanine; an L-phosphoserine; a phosphonoserine; a phosphonotyrosine; a p-
iodo-phenylalanine; a 4-fluorophenylglycine; a p-bromophenylalanine; a p-amino-L-
phenylalanine; an isopropyl-L-phenylalanine; L-3-(2-naphthyl)alanine; D- 3-(2-naphthyl)alanine
(dNal); an amino-, 1sopropyl-, or O-allyl-containing phenylalanine analogue; a dopa, 0-methyl-
L-tyrosine; a glycosylated amino acid; a p-(propargyloxy)phenylalanine; dimethyl-Lysine;
hydroxy-proline; mercaptopropionic acid; methyl-lysine; 3-nitro-tyrosine; norleucine; pyro-
glutamic acid; Z (Carbobenzoxyl); e- Acetyl-Lysine; B -alanine; aminobenzoyl 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.
Further examples of unnatural amino acids and amino acid analogs can be found in U.S.
20030108885, U.S. 20030082575, US20060019347 (paragraphs 410-418) and the references
cited therein. The polypeptides of the invention can include further modifications including those

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

essential amino acid, e.g., taurine.

Alternatively, the GCRA peptides are cyclic peptides. GCRA cyclic peptide are prepared
by methods known in the art. For example, macrocyclization is often accomplished by forming
an amide bond between the peptide N- and C-termini, between a side chain and the N- or
C-terminus [e.g., with K;Fe(CN)s 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 aspects the GCRA peptides are [4,12; 7,15]

bicycles.

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

disulfide bonds.

In addition, one or more disulfide bonds can be replaced by alternative covalent cross-
links, e.g., an amide linkage (-CH2CH(O)NHCH 2- or -CH2NHCH(O)CH 2-), an ester linkage,
a thioester linkage, a lactam bridge , a carbamoyl linkage, a urea linkage, a thiourca linkage, a
phosphonate ester linkage, an alkyl linkage (-CH2CH2CH2CH2-), an alkenyl linkage(-CH
2CH=CHCH 2-), an ether linkage (-CH2CH2OCH2- or -CH20OCH2CH2-), a thioether linkage (-
CH2CH2SCH2- or - CH2SCH2CH2-), an amine linkage (-CH2CH2NHCH2- or -CH2NHCH
2CH2-) or a thioamide linkage (-CH2CH(S)HNHCH 2- or -CH2NHCH(S)CH 2-). For example,
Ledu et al. (Proc Nat'l Acad. Sci. 100:11263-78, 2003) describe methods for preparing lactam
and amidc cross-links. Excmplary GCRA peptides which include a lactam bridge include for
example SP-370.

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

residue (e.g. Tyr, Phe, Trp) with an alternative bond can reduce cleavage by carboxy peptidases
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and may increase half-life in the digestive tract. Bonds that can replace polypeptide bonds
include: a rctro-inverso bond (C(O)-NH instcad of NH-C(O); a reduccd amidc bond (NH-CH2);
a thiomethylene bond (S-CH2 or CH2-S); an oxomethylene bond (0-CH 2 or CH2-O); an
cthylene bond (CH2-CHZ2); a thioamide bond (C(S)-NH); a trans-olefine bond (CH=CH); a
fivoro substituted trans-olefme bond (CF=CH); a ketomethylene bond (C(O)-CHR or CHR-C(O)
wherein R is H or CH3; and a fluoro-ketomethylene bond (C(O)-CFR or CFR-C(O) wherein R is
H or F or CH3.

The GCRA peptides can be 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 GCRA peptides
described herein may also be modified by 2, 4-dinitrophenyl (DNP), DNP-lysine, modification
by 7-Amino-4-methyl- coumarin (AMC), flourescein, NBD (7-Nitrobenz-2-Oxa-1,3-Diazole), p-
nitro-anilide, rhodamine B, EDANS (5-((2-aminoethyl)amino)naphthalene-1- sulfonic acid),
dabcyl, dabsyl, dansyl, texas red, FMOC, and Tamra (Tetramethylrhodamine). The GCRA
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 KLH (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 1X.

Also included in the invention are peptides that biologically or functional equivalent to
the peptides described herein. The term "biologically equivalent" or functional equivalent” is
intcnded to mcan that the compositions of the present invention arc capable of decmonstrating

some or all of the cGMP production modulatory effects.

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

Preferred variants are those that have conservative amino acid substitutions made at one
or more predicted non-essential amino acid residues. A "conservative amino acid 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 (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine,
valing, lcucing, isolcucing, proline, phenylalanine, mcthioning, tryptophan), beta-branched side
chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in a GCRA polypeptide
is replaced with another amino acid residue from the same side chain family. Alternatively, in
another embodiment, mutations can be introduced randomly along all or part of a GCRA coding
sequence, such as by saturation mutagenesis, and the resultant mutants can be screened to

identify mutants that retain activity.

Also included within the meaning of substantially homologous is any GCRA peptide
which may be isolated by virtue of cross-reactivity with antibodies to the GCRA peptide.

PREPARATION OF GCRA PEPTIDES

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

includc dominant ncgative forms of a polypeptide.

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

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

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

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 requires
consideration of main chain and side chain protecting groups and activation method. In addition,
careful segment selection is necessary to minimize racemization during segment condensation.
Solubility considerations are also a factor. Solid phase peptide synthesis uses an insoluble
polymer for support during organic synthesis. The polymer-supported peptide chain permits the
use of simple washing and filtration steps instead of laborious purifications at intermediate steps.
Solid-phasc peptide synthesis may gencrally be performed according to the method of Merrificld
etal., 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 Fmoc strategy, which are well known in the art.

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

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

Acctylation of thc N-tcrminal can be accomplished by rcacting 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.

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

medium.

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

repressor sequences.

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

polypeptide production.

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

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

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

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

biological system.

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

pcgylation. Such modifications also fall within the scopc of the term "variant™ as uscd herein.
THERAPEUTIC METHODS

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

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

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

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

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

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

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

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

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

The GCRA peptides described herein may be combined with phosphodiesterase
inhibitors, e.g., sulindae sulfone, Zaprinast, sildenafil, vardenafil or tadalafil to further enhance

levels of cGMP in the target tissues or organs.

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

agents used in the combination. For example, if agent X and agent Y are used in a combination,
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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, ctc.

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

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

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

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

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

the disclosed compositions may be coated by standard aqucous or nonaqucous tcchniqucs.

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

be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic.

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

absorption, for example, aluminum monostearate and gelatin.

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

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

orange flavoring.

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

as carbon dioxide, or a nebulizer.

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

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

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

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

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

herein by reference.

It is especially advantageous to formulate oral or parenteral compositions in dosage unit

form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers

to physically discrete units suited as unitary dosages for the subject to be treated; 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 of the invention are dictated by and directly dependent on the unique

charactcristics of the active compound and the particular therapeutic cffect to be achicved.

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

together with instructions for administration.

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

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

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

protcins, for cxamplc albumen.

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

agents such as: BINDERS: corn starch, potato starch, other starches, gelatin, natural and
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synthetic gums such as acacia, xanthan, sodium alginate, alginic acid, other alginates, powdered
tragacanth, guar gum, ccllulosc and its dcrivatives (e.g., cthyl ccllulose, ccllulosc acctate,
carboxymethyl cellulose calcium, sodium carboxymethyl 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 cellulose, maltodextrin,
maltose, mannitol, microcrystalline cellulose &amp; guar gum, molasses, sucrose,or mixtures
thereof, DISINTEGRANTS: agar-agar, alginic acid, calcium carbonate, microcrystalline
cellulose, croscarmellose sodium, crospovidone, polacrilin potassium, sodium starch glycolate,
potato or tapioca starch, other starches, pre-gelatinized starch, clays, other algins, other
celluloses, gums (like gellan), low-substituted hydroxypropyl cellulose, or mixtures thereof,
LUBRICANTS: calcium stearate, magnesium stearate, mineral oil, light mineral oil, glycerin,
sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid, sodium lauryl sulfate, sodium
stearyl fumarate, vegetable based fatty acids lubricant, talc, hydrogenated vegetable oil (e.g.,
peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil and soybean oil), zinc
stearate, ethyl oleate, ethyl laurate, agar, syloid silica gel (AEROSIL 200, W .R. Grace Co.,
Baltimore, MD USA), a coagulated acrosol 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, cthylcellulose, gelatin, pharmaceutical glaze,
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hydroxypropyl cellulose, hydroxypropyl methylcellulose (hypromellose), hydroxypropyl methyl
ccllulose phthalate, methylccllulose, polycthylenc glycol, polyvinyl acctate phthalatc, shellac,
sucrose, titanium dioxide, carnauba wax, microcrystalline wax, gellan gum, maltodextrin,
methacrylates, microcrystalline cellulose and carrageenan or mixtures thereof.

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

titanium dioxide, and white wax.

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

The agents cither in their free form or as a salt can be combined with a polymer such as
polylactic-glycoloic acid (PLGA), poly-(I)-lactic-glycolic-tartaric acid (P(I)LGT) (WO
01/12233), polyglycolic acid (U.S. 3,773,919), polylactic acid (U.S. 4,767,628), poly( ¢-
caprolactone) and poly(alkylene oxide) (U.S. 20030068384) to create a sustained release
formulation. Such formulations can be used to implants that release a polypeptide or another
agent over a period of a few days, a few weeks or several months depending on the polymer, the
particle size of the polymer, and the size of the implant (See, e.g., U.S. 6,620,422). Other
sustaincd rclcasc formulations and polymers for usc in arc 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.8. 5,192,741, U.S. 4,668,506, U.S. 4,713,244, 1.S. 5,445,832 U.S. 4,931,279, U.S.
,5,980,945, WO 02/058672, WO 9726015, WO 97/04744, and US200200 19446. In such
sustained release formulations microparticles (Delie and Blanco-Prieto 2005 Molecule 10:65-80)
of polypeptide are combined with microparticles of polymer. One or more sustained release
implants can be placed in the large intestine, the small intestine or both. U.S. 6,011,0 1 and WO
94/06452 describe a sustained release formulation providing either polyethylene glycols (i.e.
PEG 300 and PEG 400) or triacetin. WO 03/053401 describes a formulation which may both
enhance bioavailability and provide controlled releaseof the agent within the 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 01/49311, and U.S.
5,877,224 materials which may include those described in W0O04041195 (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 W09001329. US4910021 describes using a pH-
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sensitive material to coat a capsule. W(0Q9001329 describes using pH-sensitive coatings on beads
containing acid, where the acid in the bead core prolongs dissolution of the pH-scnsitive 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
pelymer mixture envelope of the same or different composition; and a pharmaceutical dosage
form containing matrix pellets. The matrix pellet releases acid-soluble drugs by diffusion in acid
pH and by disintegration at pH levels of nominally about 5.0 or higher.

‘T'he GCRA peptideds described herein may be formulated in the pH triggered targeted
control release systems described in W0O04052339. The agents described herein may be
formulated according to the methodology described in any of W0O03105812 (extruded
hyrdratable polymers); W00243767 (enzyme cleavable membrane translocators); WO03007913
and WO03086297 (mucoadhesive systems); W0O02072075 (bilayer laminated formulation
comprising pH lowering agent and absorption enhancer); W004064769 (amidated polypeptides);
WO05063156 (solid lipid suspension with pseudotropic and/or thixotropic properties upon
melting); W0O03035029 and W0O03035041 (erodible, gastric retentive dosage forms);
US5007790 and US5972389 (sustained release dosage forms); WO041 1271 1 (oral extended
release compositions); WO05027878, W002072033, and W0O02072034 (delayed release
compositions with natural or synthetic gum); W0O05030182 (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 (modified starch
based delivery). JP10324642 (delivery system comprising chitosan and gastric resistant material
such as wheat gliadin or zein); US5,866,619 and US6,368,629 (saccharide containing polymer);
US 6,531,152 (describes a drug delivery system containing a water soluble core (Ca pectinate or
other water-insoluble polymers) and outer coat which bursts (e.g. hydrophobic polymer-
Eudragrit)); US 6,234,464; US 6,403,130 (coating with polymer containing cascin and high
methoxy pectiny WO0174 175 (Maillard reaction product); W0O05063206 (solubility increasing
formulation); WOO040 19872 (transferring fusion proteins).

O8]
W
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The GCRA peptides described herein may be formulated using gastrointestinal retention
system tcchnology (GIRES; Mcrrion Pharmaccuticals). GIRES compriscs a controlled-relcasc
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 pouch in the stomach where
it is retained for 16-24 hours, all the time releasing agents described herein.

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

EXEMPLARY AGENTS FOR COMBINATION THERAPY

Analgesic Agents

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

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

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

Opioid receptor antagonists and agonists can be administered with the GCRA peptides
described herein in co-therapy or linked to the agent described herein, e.g., by a covalent bond.
For example, opioid receptor antagonists such as naloxone, naltrexone, methyl nalozone,
nalmefene, cypridime, beta funaltrexamine, naloxonazine, naltrindole, and nor-binaltorphimine
arc thought to be useful in the treatment of IBS. It can be useful to formulate opioid antagonists
of this type is a delayed and sustained release formulation such that initial release of the
antagonist is in the mid to distal small intestine and/or ascending colon. Such antagonists are
described in WO 01/32180 A2. Enkephalin pentapeptide (HOES&25; Tyr-D-Lys-Gly-Phe-L-
homoserine) is an agonist of the mu and delta opioid receptors and is thought to be useful for
increasing intestinal motility {Eur. J. Pharm. 219:445, 1992), and this polypeptide can be used in
conjunction with the polypeptides described herein. Also useful is trimebutine which is thought
to bind to mu/delta/kappa opioid receptors and activate release of motilin and modulate the
release of gastrin, vasoactive intestinal polypeptide, gastrin and glucagons. Kappa opioid
receptor agonists such as fedotozine, asimadoline, and ketocyclazocine, and compounds
described in WO03/097051 and WQOO05/007626 can be used with or linked to the polypeptides
described herein. In addition, mu opioid receptor agonists such as morphine, diphenyloxylate,

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

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

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

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

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

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

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

Calcium channel blockers such as ziconotide and related compounds described in, for
example, EP625162B1, US 5,364,842, US 5,587,454, US 5,824,645, US 5,859,186, US
5,994,305, US 6087,091, US 6,136,786, WO 93/13128 Al, EP 1336409 Al, EP 835126 Al, EP
835126 B1, US 5,795,864, US 5,891,849, US 6,054,429, WO 97/01351 Al, can be used with or
linked to the polypeptides described herein.

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

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

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

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

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

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

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

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

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

Agents to Treat Gastrointesitngd Disorders

Examples of additional therapentic agents to freat gastrointestinal and other disorders
include agents o treat constipation {2.g., a chlonide channel aclivator such as the hicvlio fatty
acid. Labiprostone {formerly known as SPI-0211; Sucanpo Pharmacenticals, Ine.: Bethesds,
M}, alaxative {e.g 2 bulk-formiog laxative ez, nonstarch polysaccharides, Colonel Tablet
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{polvearbophil calciamy, Plantage Ovata®, Egualactin® (Calcium Polvearbophihy), fiber {e.g.
FIBERCON® {Calerum Polyearbophull, an osmotic laxative, a stmuolant laxative (such as
diphenvimethanes {e.g. bisacodyly, anthraguinones {e.g. cascara, senna), and surfactant laxatives
{o.z. castor oil, docusates), an emollient/lubricating agent (such as mineral oil, glycerine, and
docusaies}, Miralax {Braimree Laboratorics, Braintree MA), dexloxighimnide (Forest
Laboratories, also known as CR 2017 Rotapharn {Rotta Research Laboratoriam SpAY), saline
laxatives, enemas, suppositories, and CR 370 (Rottapharm {Rotta Research Laboratorium SpAY;
acid reducing agents such as proton pump inhibitors {e.g., omeprazole (Prilosec®), esomeprazole
{Nextam®), tansopravole (Prevacid®), pantoprarole (Protonix®) and rabeprazole (Aciphex®))
and Histamine H2 -reeeptor antagonist (also known as H2 receptor blockers including
cimetidine, ranitidine, famotidine and mizatidine}; prokinetic agenls including itopride,

ootreotide, bethanechol, metoclopramide {Reglan®), domperidone Motilium®), ervihromyvein
{and derivatives thereof) or cisapride {(propulsid®); Prokineticin polvpeptides homologs, variants
and chimeras thereof inciuding those described in U8 7,052,674 which can be used with or
tinked to the polypeptides described herein; pro-motility agents such as the vasostatin-derived
polvpeptide, chromogranin A {4-16} {See, e.g., Ghia ot al. 2004 Regulatory polypeptides 121:31)
or motilin agonists {e g, OM-611 or mitemcinal fumarate} or nociceptin/Orphanin FQ receptor
modulators (USZO050169917%; other poptides which can bind to and/or activate GC-C including
those described 1 USZ0050287067,; complote or partial 3HT {eg. SHTL SHTZ, 3HTSE, 8HT4Y)
recoptor agonists or antagonists {including SHT 1A antagonists {e.2. AGLI-OUL(AGE
therapeutics), SHTZE antagonists {e.g. PGN 1091 and PGNI 164 (Phanmagene Laboratories
Limitied), and SHTY receptor agonists (such as tegascerod (ZELNORM®), prucalopride,
mosapride, metoclopramide, racopride, cisapride, renzapride, benzimidazolone derivatives such
as BIMIE 1 and BIMU & and lirexapride}. Such agontsts/modnlators are described in
EP1321142 AL WO 03/053432A1, BP 305322 Al BEP 505322 81, US 5,510,353, EP 5307672 Al
EP 507672 B, USRS 5,273,983, and UR 6,851 K673 3HT3 receptor agonists such as MEC-733;
and SHT3 receptor aﬁ‘tagonists such as DDP-225 (MCE225; Dynogen Pharmaceuticals, fnc.y,
ctlanseiron {Calmactin®}, alosetron {Lotronex®), Ondansetron HC! Fofran®), Dolasetron
{ANZEMET®Y, palonosciron {Aloxi®), Granisetron (K yirll®), Y MOsU ramosetron; Astclas
FPharms Foc.; raroosetron may be given as a daily dose of 0.002 1o 0.02 myg as desoribed i

EPOLSRR7OTY and ATI-7000 (Aryx Therapeutios, Santa Clara CA) muscarinic receplor agonisis;
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amti-inflammatory agents; antispasmodics meluding bat not limeted 1o anticholinergie drugs (ke
dicyeloming (e.g, Colimex®, Formuler®, Lominc®, Protvlol®, Viscoral®, Spasmoban®,

Bentyl®, Bentyiol®), hvoscyarnine {e.g. IB-Sat®, Mulev®, Levsin®, Levhid® | Fevamnex

Timecaps®, Levain/SLE, Ansspaz®, A-Spas S/LE, Cyatospazr®, Cystospaz-ME, Donnamar®,

Colidrops Liquid Pediatric®, Gastrosed®, Hyco Hixir®, Hyosol®, Hyospaz®, Hyosyne®,

4

Losamine®, Medispaz®, Meosol®, Spacol®, Spasdel®, Syrnax®

, Symax SLEY, Donuatal (e.g.
Dionmatal Extentabs®), clidintum {e.g. Quarzan, in combination with Librium = Librax},
methantheline (e g Banthine), Mepenzolate (e Cantil), homatropine {e.¢. hyoodan, Homapin},
Propanthehine bromide {e.g. Pro-Banthine}, Glyeopyrrolate (e.g. Robinul®, Robingl Forte®@),
scopolamine {2.g Transderm-Scop®, Transderm-V®}, hvosine-MN-butvibronde {e. g
Huscopan®}, Pirenzepine {e.g. Gastrozepin®} Propantheline Bromide {e. g Propanthel®},
dicyeloverine {e.g. Merbentvi®), glveopvrronium bromide (e g Glveopyvirolate®), hyoscine
hvdrobromide, hyoscing methobromide, methanthelinium. and octatroping); peppermint oil; and
direct smooth muscle relaxants like cimetropinm bromide, mebeverine {(DUSPATALE,
BUSPATALING, COLOFALC MER®, COLOTALR), otilonium bromide {octilonimm},
pinaverium {2.g. Dicotel® {pinaveriom bromide; Solvay 8. ALY, Spasfon® {hydrated
phicregiucine! and trimethyiphloroglucineland trimebutine (including trimyebutine maleate
(Modulon®}; antideprossants, including but not limited to those Hsted herein, as wel as tricyclic
antidepressants ke amuriptyviine (Elavil®}, desipramine (Norpramin®), mipraming

{Toframul®), amoxapine {Asendin®}, nortniptyling; the selective serotonin reuptake mhibitors

{5SRTs) ke paroxetineg (Paxil®), fluoxetine {Prozac®), seriraline {Xoloft®}, and citralopram
{Celexa®); and others ke doxepin (Sincquan®) and trazodone {(Desyrel®); contrally-acting
analgesic agents such as opioid receptor agonists, opioid recepior antagonists {e.2., nalirexone);
agents for the treatment of Inflammatory bowel disease; agents for the freatment of Crohn's
disease and/or ulcerative colitis {e.g., alequel (Erzo Biochem, Inc,; Farmingsale, NY), the anii-
inflammatory polypeptide RDPSR (Goeneyme, Ine; Candiridge, MAY, and TRAFICET-ENT™
{ChemoCeniryx, Inc.; San Carlos, CAY; agenis that treat gastrointesiinal or visceral pain; agents
that increase cGMP levels {as desertbed in US28040121994) hike adrenergic recopior
antagonists, dopanung rocepior agorusts and PR (phosphodiesiorase) inbibitors inchuding bt
not lunited to those disclosed heren; purgatives that draw fluids o the intestine (e.g
VISICOL®, a combination of sodivm phosphate monobasic monobydraie and sodium phasphate
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dihasic anhydrate); Corticotronin Releasing Factor (CRF) recoptor aniagonists {mcluding NBI-
34041 {Neurooring Bioscignees, San Dhiege, CA)Y, CRHS-41, astressin, R121919 (Janssen
Pharmaceutica}l, {P154.526, NBE-27914, Antalarmin, DMP6936 (BristobMyers Saquibb) OP-
316,311 {(Phzer, Inc.}, SBY23620 (GRK), GWIETHHOR (MNewroerine/CGlaxoe Smith Kline}, ONG-
Z3330Ms (Onoe Pharmaceuticals), TS-041 (Janssen), AAGH6T (MNovartis) and those disclosed in
US 5,063,245, 178 5,861,39%, US20040224964, LIR200401 98726, USZOM401 76400,

VIR200401 71607, USZOG4A0L GRS, USZ0040006066, and US200302092353); ghicagon- like
polypeptides (glp-1) and analogues thereof (ocluding exendin-4 and GTR-010 (Gastrotech
Pharma A} and inhibitors of DPP-IV {(DPP-IV mediates the inactivation of gip-1}; tofisopam,
enantiomerically-pure R-tofisopam, and pharmaceutically-acceptable salts thereof (US
ZO0A02295867); tricyelic anti-depressants of the dibenzothiazepine type inchuding but not limited
to Dextofizopam® {Vela Pharmaceuticals). tlaneptine (Stablon®) and other agents described in
LIS 6,683,072, {E3-4 (1 3bis{ovelohexyimethviy-1 2,34 ~tetrahvdro-2,6-diong-9H-purin-&-
vijinnamic acid nonacthviene glycol methyl ether estor and related compounds described in WO
02/667942; the probiotic PROBACTRIN® {(The BioBalance Corporation; New York, NY}
which contains microorganisms usefil in the treatment of gastrointestinal disorders; antidiarrheal
drugs including but not limited o loperamide (Imodium, Pepto Diarrhea), diphenoxylate with
atropine {Lomotil, Lomoeot), cholestyramine ((Questran, Chalvhar), atropine {Co-Phenotrope,
Diarsed, Diphenoxylate, Lotene, Logen, Lonox, YVi-Atro, atropine sulfate injection} and
Xifaxan® {rifaxinun; Salix Pharmaceuticals Lid), T2¥-20 H{ Tranzyme Pharme Inc.}, the
neuronal acetyicholine recoptor (nACHR) blocker AGI-004 {AGT therapeuties), and bismuth
subssalicylate (Pepto-bismoly; anxiolyviic drugs including but not limited toAtivan {Iorazcpam),
alprazolam (Xanax®), chiordiarepoxide/clidinium (Librium®, Librax®), clonazepam
{Klonopin®}, clorazepate (Tranyenc®), diazepam {Valinm®), estazolam (FroSom®),
furazepam {Dalmane®), oxazepam {Serax®), prazepam {(Contrax®), temazopam (Restorii®},
triazolam (Halcion®,; Bedelix® (Montmorilonite beidellitic; Ipsen Lad), Solvay 81LV332
{Ar(ulc Ine), YKP (5K Pharmal, Asimadeline {Tioga PharmaceuticalsMerck), AGE003 (AGT
Therapoutics); neurokingn antagonisis inchoding those deseribed in USZBO6H040950; polassium
channel modulators inclading those described 1o US7,002.,01 5; the serotonin modulator
AZEYTA71 (AstraZencca Pleoy; M3 muscarinic recopior antagonists such as danfonacin (Enablex;

Movartis AG and zamifonacio (Pfizer), herbal and natural therapies inchuding but not luwndted o
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acidophilus, chamomile tea, evening primrose oil, fonnel seeds wormwood, comirey, and
compounds of Bao-}i-Wan {magnolol, honokiol, imporatoring, and 1sounporatoring as in
LIS6823992: and compositions comprising lysine and an anti-stress agent for the treatment of

irritable bowel syndrome as deseribed in EPQC 1530443,

Insulin and Insulin Modulating Agents

The GURA peptides deseribed heretn can be used tn combination therapy with insulin
avd related compounds inclnding primate, rodent, or rabbit insulin including biologically active
variants thereof incloding allelic variants, more preferably human wsubin avaiiable in
recombinant form. Sowrces of uman insulin include pharmaceutically accepiable and sierile
formvalations such as those available from Eb Lilly (Indisnapolis, Ind. 46285} a3 Humulin!™
{human insubin rDNA origin). See, the THE PHYSICIAN'S DESK REFERENCE, 55 supnth Ed.
{2001 Medical Economics, Thomson Healtheare (disclosing other suitable buman insulins}.

The GURA peptides described herein can also be used in combination therapy with
agents that can boost insulin ¢ffects or lovels of 2 subject upon administration, 2.g. glipizide

and/or rosighitazong. The pol‘u peptides and agonistsdescribed herein can be used in

combitherapy with SYMLING: {(pramlintide acetate) and Exenatide® (synthetic exendin-4; a 39

aa polyvpoptide).

Agents jor the Freatment of Postoperative Heus

The GCRA peptides described herein can also be used in combination therapy with
agonts (2.2, Entereg™™ (alvimopan; formerky cailod ado loy’ AL &-2698), conivapian and
related agents describe in US 6,645,350 used for the treatment of postoperative ilous and ather

dizsorders.

Anii-Hypertensive Agenis

The GCR A peptides desertbed herein can be used in combination thorapy with an anti-
hypertensive agent mchuding bot not limdted to: (1) divretics, such as thiazides, including
chiorthahdone, chlorthiazide, dichlorophenamide, hydroflumethiazide, indapamide, polythiazide,
and hydrochlorothiazide; loop diuretics, such ag bumetanide, ethacryrde acid, firosemde, and
forsemide; potassiurm sparing agenis, such as amuloride, and frismicreng; carbonic anhvdrase
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mhibitors, osmeites{such as glveerind and aldosierone antagonists, such as spironolactone,
cprrenone, and the bke; (2} beta-adronergie blockors such s acehutolol, atonolol, betaxolod,
bevantolel, bisoprolol, bopindolol, carteolol, carvedilol, celiprolol, eamolol indenoclol,

metaprolol, nadelol, nebivolol, penbulelol, pindolel, propanclol, sotalel, tertatolol, tilisolol, and

tirnolol, and the ike; 3y calehin channel blockers euch a8 amlodipine, aranidiping, azelnidipine,

barndipine, benidipine, bepridil, cinvaldipine, clevidiping, dilttazem, efonidipine, feledipineg,

gailopamil, isradipine, lacidipine, lemildipine, lercanidipine, nicardipine, nifedipine, nilvadipine,

nimodepine, misoldipine, nivendipine, manidiping, pranidipine, and verapamil, and the hke; {4}
angiotensin converting enyyme {ACE) inhibitors such as benazepnd; captopril; ceranapril;
cilazapril; delapnil; enalapril, enaloprily fosinopril; umidapril; Bsinopnal; losinopril; moexipril;
gquinapril; quinapriiat; ramipril; peorindoprily perindropnl; guanipril; spivapril; tenocapril;
trancdolapril, and zofenopril, and the like; {3) neutral endopeptidase inhibitors such as
omapatrilat, cadoxatrit and ccadotrtl, fosidotril, sampatriiat, AVETOEE, FR4038, and the Hke, {6
endothelin antagonisis such as tezosentan, ARE16S, and YME2ZR99, and the Hke, (7)

vasodilators such as hvdralazine, clonidine, minoxidil, and nicotiny! alcohol, and the like; (&)

angiotensin I receptor antagonists such as aprosartan, candesarian, eprosartan, irbesartan,
{osartan, slmesartan, pratosartan, {asosartan, telmisartan, valsartan, and EXP-3137 FIGR2EK,
and RINHG2TG, and the like; {93 o/ff adronergic blockers sueh as nipradiiol, arptinolal and
amosulalol, and the ke (10} alpha | blockers, such as terazosin, urapdil, prazosin, tamsulosin,
bunazosin, irimazosin, doxazosin, naftopidil, indoramin, WHEF 164, and SENOIO, and the like;
{11} alpha 2 agonists such as lnfexidine, tiamenidine, moxoniding, rilmenidine and guancbenz,
anid the Hke; (12} aldostorone inhibitors, and the like; and {1 3) angiopoictin-2 -binding agents
such as those disclosed in WON3/030833, Specific anti-hypertonsive agents that can be usad in
combination with polypeptides and agonists desceribed herein include, but are not limited 1o
diurctics, such as thiszides {e.g., chiorthalidone, cyclothiazide (CAS RN 2259-96-3)3,
chlorothiazide (CAS RN 72956-00-3, which moay be propared as disclosed tn US2EGS184),
dichlorophenamide, hydroHumethiazide, imdapamide, polythiazide, hendroflumethazide,
methyelothazide, polythiazide, trichlormethazide, chilorthalidone, indapamide, metolazone,
quincthazone, althiamde (CAS RN 3588-16-9, which may be prepared as disclosed in British
Patent Mo, 202.658), benzthiaride {CAS RN 91-33-%8, which may be prepared as disclosed in

US3108097), buthdazide (which may be prepared as disclosed in British Patont Mog, 861 367,
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and hvdrochlorothiazide), loop diuretics {e. g bumetanide, ethacrynic acid, furosemide, and
torascmide), potassium sparing agoots {e.g amilorude, and riamicrene (CAS Number 396-41-
133, and aldosterone antagonista (e g, spironclacione {CAS Number 52-81-7), epirenone, and the
Like); Bradrenergie blockers such as Amiodarone (Cordaroue, Pacerone), bunolol hydrochloride
{CAR BN 31969-05-8, Parke-Davis}, acebutolo] (BN-[3-Acetyvi-4-[2-hvdroxy-3-[{
methylethvhaminolpropoxyiphenvii-butanamide, or (233~ Acetyl-4-2-hydroxy -3-
{isopropyiamino} propoxy] butyranilide}, acebutolol hvdrochloride (g Sectral®, Wyeth-
Averst), alprenolol hydrochloride ({CAS RN 13707-88-5 see Netherlands Patent Application No.
6,605,692, atenolol {e.g. Tenormin®, AstraZencca), carteolol hydrochloride {eg Cartrol®
Filmitab®, Abbott), Celiprolol hydrochloride {TAS RN 57470-TR-7, also see i US4034009),
cetamolo! hydrochloride (AN RN 77580-85-5, see alse US4459622}, labetalol hyvdrochloride
{e.g. Normodyne®, Schering). esmolol hvdrochioride (e g Brovibloo®, Baxter), levobeotazoiod
hvdrochloride {e.g. Betaxon™ Ophthalmic Suspension, Alcon}, levobunolo! hydrochloride {e. g
Botagan® Liquifilm® with C CAP® Compliance Cap, Allergan}, nadole! {a.g. Nadolol, Mylan),
practofol (CAS RN 6673-35-4, see also US3408387), propranciol hydrochioride (CAS RN 318-
958-91, sotalol hydrochloride (e.g. Batapace AF™ Berlex), timolol {2-PropanoL-{{LE
dirmethylethy Damino |-3-{ [4-4(d-morpholinyl 31,2 S-thiadiarol-3-vijoxyi-, hemihydrate, (8-,
CAS RN 91524-16-2), timaiol maleate (S -[(1,1 ~dimethylethyly aming}-3-{{4- {4~
morpholinyi-1.2 S-thiadiazal -3- vi} oxy - 2-propanci (Z3-2-butencdioate {1 11} salt, CAS RN
26921-17-5), bisoprolol {2-Propanol, [ 4-{{Z2-{I-methyicthoxyethoxy -methyljphenoxyi}-3-i(l-
meth- viethyDanuno}-, {3, CAS RN 66722-44-9), bisoprolel fumarate {such as (&3-1-{4-[[2-{1-
rethylethoxy) cthoxyimethyliphenoxy(-3-[{i-methylethyvhiamino-2-propranol (H) -2-
tutenedicate (2:13 {salt), e.g., Zebeta™ L ederle Consurner), nebivalo! (QH-1-Benzopyran-2-
methanol, ard-[iminobis{methviene)bisi6-tlunro-3 4-dibydro-, CAS RN 99200-09-6 sce also
LS. Par No, 4,654 362, cicloprolol hydrochloride, such 2-Propanel, -{4-[2-
{evelopropyimethowy jethoxy phenoxy 13- [methylethyDamino -, bydrochloride, A A8 RN
63684-75-3}, dexpropranclol hydrochionde (2-Propanoll-[I-methyicthyi-amino}-3-(1-
naphthalenyloyyi-hvdrochlonde (CAS RN 13671-11-9), diacetolol hydrochloride {Acctamide,
M- 3 -acetyi-4-U2-hydroxy-3-{tmothy ethyDaminoipropoxy ] iphenyll-, monchydrochloride
CAS BN 69790-04-9), dilevalol hvdrochloride (Benzamide, 2-hvdrory-3-[1-hydroxy-2-11-
methyi-3-phenyipropyhiaminojethyvl}-, monohydrochloride, CAS RN 756539-08-4), eraprolo!
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hydrochloride (2-Propanol, 1 -(Z-cvelohoxyiphenonyy-3 - [{ 1 -methylethyDaminod -,
hvdrochlonide CAS RN 58333-90-3), Hlestolol sulfate (Bonzoic acid, 2-fhare-,3-{{2-
{aminocarbonyDamine - - dimethylethyilammeF2-hyvdroxypropyl ester. (+3- sulfate {1 -1) {salt),
CAS RN RER44-73-9: metalol hvdrochloride (Methanesulfonamide, W-{4-1-bydroxgy-2-
{methviammopropyiiphenvll-, monchydrochionde CAR BN 7701-65-7), metoprolel 2-
Propanol, M4-(2- methoxyethvliphenoxy }-3-kmethyiethyllamino - CAS BN 37350-38-63,
metoprolol tartrate {such as 2-Propanol, H4-{Z-methoxyethyviphenoxy 3-3-{(3-
methyiethviiaminel-, e.g, Lopressor®, Novariis}, pamatolol sulfte (Carbamic acid, {2-[4-2-
hydroxy-3-[(~ methyilethvDaminopropoxytiphenyii-ethyl |, methyvi ester, (&) sulfate (salt} (2.1},
CAS RN 59954-41-7), penbuiolo] sulfate (2-Propanol, -2 cyelopentyviphenoxy -3-{1L1-
dimethvie- thyljaminod 1, {S)-, sulfate (2:1} (zalt), CAS BN 38363-32-5), praciolol {Acctamids,
M-[4-{2- hvdroxy-3-[{l-methyiethyaminof-propoxyphenvi]-, CAN BN 6673-35-4:) tiprenolol
hvdrochioride (Propancl, IH{t-methviethyDaming-3- 2-{methvithio}-phenoxyi-, hvdrochioride,
{2, CAS BN 39832-43-43, wolamolel (Benzamide, 4-2-{[2-hvdroxy-3-2-methyiphenoxy -
propyil amino} ethoxyll, CAS RN 38103-61-6), bopindolol, indenolol, pindsiol, propanoclol,
tertatolol, and tilisolol, and the like; calciim channed blockers such as besylate salt of amiodipine
{such as 3-gthvi-S-methyl-2-2-aminocthoxymethyl-4-(2-chlorophenyli-1 4-dibvdro--methyl-
3, 5-pyndinedicarboxylate benzenesulphonate, e.2.. Norvasc®, Plizery, clentiarem maleate {1,5-
Benrothiazepin-4{ 5Hi-one, 3-{scetvioxy)--chlore-5-| 2-{dmmothylammejothyl |2 3-dihvdro-2-
{d-methoxyphenyvl-{25-cis}-, {£-2-butencdioate {1 11} sceo also US4567195), isradiping {3,5-
Pyridinedicarboxylic acid, 4-{4-benzofurazanyly-L4-dihvdro-2.6-diracthyl-, methyl 1-
methylethyl ester, (z)-4(4d-bhenzofurazanyly- 1| 4-dihydro-2.6-dimethyl-3 3 -
pyridinedicarboxylate, see also LIS4466971); nimodiping {such a¢ is isopropyl {2- methoxyethyl)
1, 4~ diftydro -2,6- dimethyl -4- (3-nitrophenyl) -3,53- pyridine - dicarboxylate, eg. Nimotop®,
Bayer), felodipine (such as ethy! methyl 4-(2,3-dichlorophenyly-L4-dihvdre-2 6-dimethyi-3,5-
pyridinedicarboxylate- | e.g. Plendid® Fxtended-Release, AstraZencea LPY, nilvadipine (3,5-
Pyridhinedicarboxylic acid, Z-cyano-Ld-dihvdro-6-methyl-4-3-niropherny - 3-methyt 5-(0-
methylethyl) ester, also seo US3799934), nifedipine {such as 3, 8 -pyridinedicarboyyhoe acid L4~
dibydro-2, 6~-dimethyl-4-{ 2-nitropheny}-, duncthyl cster, ez, Procardia XLE Bxtended Release
Tablets, Plizer), diliiazem hydrochloride (such as L5-Benrothiarepin-4{5H)-one. 3-{acetvioxy)-
3[2-(dimethylaminoiethyvl]-2.-3-dibydro-2{4-methoxyphenyl)-, mwonohydrochloride, (+-cis., e.g.,
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Tiazac®, Forest), verapamil hydrochloride (such as benzeneacetronitrile, {alphad-[{3-112-(3.4-
dimothoxyphenyi) cthylimethylamino lpropyl] -3 4-dimcthoxy-{alphal-( | -moethylethyh
hyvdrochloride. e.g., Isoptin® SR, Knoll Labs}, tetodiping hydrochionide (3.5-
Pyridinedicarboxylic acid, 2-[{dimethylaminoymethy - [2-[ (18- 3 - dimethylethoxy)-3-on0- I
propenyliphenyl]-i4-dibydro-6-methyvi-, dicthyl ester, monobydrochloridey TAS BN 188788
03-4}, belfosdit (Phosphonic acid, [2-Q-phenoxy ethyly- 1.3 ~propane- divihis-, tetrabutyi ester
CAS RN 103486-79-9), fostedit (Phosphonie acid, [[4~{2-benzothiazolviiphenylimethyii-,
dicthyl ester CAS RN 73889-62-2), aranidipine, azelnidipine, bamidipine, bomdipine, bepridil,
cinaldipine, clevidiping, efonidipine, gallopamil, lacidipine, lemildipine, loreanidipine, monatepni
maleate {1 -Piperazminebutanamide, No(6, 11 ~dihvdrodibenzolb,eithiepin- 11 -vli-{4-
fluerophenyli-, {4}, t4)3-2-butenedioate (1 11} (3-N-{6.} I-Bihydrodibenzo(b.cithiep- in-l boyi}-4-
{n- flucrophenyi--piperazinebutyramide maleate (1 11} CAN BN 132046-06-1), nicardipine,
niseldiping, nitrendipine, manidipine, pranidipine, and the Hke; T-chasne! caleitm antagonists
such as mibefradil; angiotensin converting enzvme {ACE) inhibitors such as benazepril,
benazepril hydrochloride (such as 3-[{1-{ethoxyecarbonyl -3~ phenvl-{ 1 Srpropyviiamino}-2.3

A S-tetrahydro-2-oxo- 1 H - 1 <3 Sybenzazepine- 1 -acetic acid monshydrochloride, e.g..
Lotrel®, MNovartis), captoprii {such as {28 )3-mercapto-2- methylpropionyil-L-proling, e.g.,
Captopril, Myvlan, CAS RN 62571-86-2 and others disclosed in US4046889), coranaprit (and
others disclosed in US4452740), cetapril (alacepril, Dainippon disclosed in Hur, Therap. Res,
39:671 {'1986}; 4543 {1986}, cilazaprid (Hoffman-LaRoche} disclosed in ). Cardiovase,
Pharmacel. 3% (1987}, indalapril {delapril hvdrochloride {(2H-1,2.4- Benzothisdiazine-7-
sulfonamide, 3-bicycio[2.2. Thept-3-en-2-yI-6-chloro-3 4-dihydro-, |,1- dioxide CAS RN 2259
G6-3); disclosed in US4385051), enalapri {and othors disclosed in US437482%), enalopril,
enaloprilat, fosinopril, ((such as L-proline, d-cyvelohexyl-i-[{{Z-methyi- I{i-oxopropory}
prapoxy {d-phenybbutyl) phosphinyljscetyll-, sodium salt, e.g., Moncpril, Bristol-Myers Squibb
and others disclosed in UR4168267), fosinopril sodium {L.- Proline, 4-oyclohexy RS- 2-
methyvl-1~{I-ox~ opropoxy propor ), adapril, indotapit {Schering, disclosed 1 1 Cardiowasc,
Pharmacol. 5:643, 655 (1983}, lisinopril (Moerck), losinopril, moexipril, mocxipril bydrochloride
{3-Isoqunolinecarboxyhie acid, 2-H{25R2-11USy 1 {cthoryearbonyD-3-phenvipropyliammoj- 1 -
oxopropyil- 1 .- 2.3 d-teirahyvdro-6,7-dimethoxy-, monchydrochloride, (383 CAS RN B25886-52-
53, quinaptil, guinaprilat, ramdprid (Hoechssy disclosed in BEP 79022 and Curr, Ther, Res, 40:74
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{1986}, permndopr! erbumine {such as 25,3a8,7a8- 1 -[{(5)-N-{{(53- 1 -
Carboxybutylislanyhbexahydro™indolinecarboxvlic acid, 1 ~cthyl cster, compound with tort-
butviamine {1 (1}, e g, Aceon®, Solvay), perindopril {Servier, disclosed i Eur, 1 clin
Pharmacoel 31 5319 {18873}, quanipril {dicclosed in US4344949), spirapril (Schering, disciosed
in Acta. Pharmacol. Toxzicol 539 (Bupp. 5): 173 {1946}, tenocapril, frandolapril, zofencpril {and
others disclosed in US43169406), rentiapni! (fentiaprt], disclosed in Clin. Exp. Pharmacol.
Physiol. 130131 {1983}, pivopril, YS984, teprotide (Bradviinin potentiator BPP%a CAS RN
35115-60-7), BRL 36378 (Smith Kline Beecham, see EPROR22 and EP6066K), MC-R3R
{Chugai, see CA. 10272588y and Jap. I Pharmacol 40:373 (19863, CGS 14824 (Ciba-Geigy, 3-
{{1-cthoxvearbouy-3-phenyvi-(I8-propyviiamine -2 3,4 5~tetrahydre-2~0x~ o-1-(35 -benzazepne-1
acetic acid HUE see LK. Patent N, 218036143, CG6 16,617 {Ciba- Geigy, 35 [[{I5}-5-amino-b-
carboxvpentyljaming-2,3.4 - 5-fetrahydro-2-oxo-1H-1- benzazepine- 1 -cthanoic acid, see
1i84473575), Bu 44370 (Hoochst, sece Arzncimittelforschung 341254 (1985, R 31-2201
{Hoffman-LaRoche soe FEBS Lett, 165:201 (1984}, {i925 (Phax‘macoiogist 200243, 266
{1984y, WY-44221 (Wyeth, seo . Med. Cheom, 26:394 (198313, and those disclosed in
US2003006922 (paragraph 28}, US4337201, US4432971 { phosphanamidﬁtes’); neutral
endopeptidase inhibitors such as omapatrilat (Vanlev®), OGS 30440, cadoxatril and ecadotril,
fasidotril {also known as sladotrd] or alatrioprily, sampatrilat, mixanpril, and gomopatrilat,
ANETORE, ERAO30, and those disclosed in UBS362727, UKA366973, USS225401, {JS4722814,
USSZ23516, UB4749688, URSS352397, UBASG40E0, USS61235%, USS5525713, EPO599444,
EPG481522, EPQS994dd, BEPOSO5ALN, EPOS34363, EPS534396, EPS534497, EPG629627;
enidnthelin antagonisis such as tezosemtan, A30R165, and YM62899, and the Hike; vasodilators
such as hvdralazine {apresoline), clonuding {clomdine hydrochloride {1 H-Imidazol- 2-amine, N-
(2. 6-dichlorophenylid, 5-dihydro-, monohydrochloride CAS RN 4205-91-8), catapres, minoxidil
{loniten), nicotiny} alechol {rontgcoly, diltiazem hydrechloride (such as 1,5~ Benzothiszepin-

5 one,3 ~{3cf:tyiffxy}—5 [2-{dispetl 1}/1& mi;1{.‘:}{:'{}13/%}~27,m3mdibydrov2(4-— I)li?ﬁ"(‘)OX,}fpiflf:I)yn-ﬁ

dimﬂlydm—f%gluc-ii‘ol Z,S«dinii‘ra[s ez, Bordil® Tiradose®, Wyeth- Ayerst), sosorbide

monoritraie {such as L4:5,0-dianhydro-D-glucito~ 1,3-nilrate, an organic ntlrate, e.g., lsmo®,

Wyeth-Averst), nitroglveerin (sach as 2,3 propanctriol rinitrate. e.g., Mitrostat® Parke- Davis),
verapamil bydrochloride (such as benzencacetonirile, &E)-{alpha){3-1{2-(3.4 dimethoxypheny
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Dethylmethylamino lpropyl} -3 4-dimethoxy-{alpha)- {( 1 -methvicthyl) hydrochloride. eg
Covera HS® BExtonded-RBolease, Searle), chromonar {which may he prepared as disclosed m
PIR32E2938), clonitate (Annalen 1870 155}, droprentlamine {which mayv be prepared as disclosed
in DE2321113), Hdoflazine {which may be prepared as disclosed in LIS3267104 ) prenylamine
{which rnay be prepared as disclosed in US3132173), propatyl nitrate (which may be prepared as
disclosed in French Patent No. 1,103.113), miofiazine bydrochloride (1 -Piperazineacetamide, 3-
{wminocarbonyvl - 4,4-bis(d-TluorophenyBbuty 1 ]-N-{2,6- dichlorophenyl}-, dihvdrochlonde CAS
RN B3RQR-67-3), mixidine {Benzencothanaming, 3 4~ dimathoxy-N-(methyl-2-
pyrrolidinylidene) Pyrrolidine, 2-[(3 4-dimethoxyphenethyBimino ]~ 1 «methyl- FMethyb2- [(3,
dodimethoxyphensthyviiminolpyvirolidine CAS RN 27737-3&-8), molbsidonune (1,2,3-
Uxadiazciium, 5-[{cthoxyvearbonyiamino |- 3-{4-morpholinyi)-, tnner salt CAS KN 25717-88-03,
isosorbide mononitrale {D-Ghucitol, L4:3,0-dianhydro-, S-nitrate UAS BN 16051-77-73,
erythrityl tetranitrate (1,2 ,3.4-Butanctotrol, tetranitrate, (2R 3Skrel-CAS BRIN 7297-25-81,
clonitrate{i,2-Propanedicl, 3-chloro-, dinitrate (7C1, 81, 205 CAS RN 2612-33-1,
dipvridamole Ethanol, 2,2°.2" 2" [{4, 8-di-b-piperidinyipyrimidol 5, 4-dipyrimidine-2.6-
divhdinitrilojtetralds- CAN RN 38-32.2), nicorandil (A8 RN 63141-46-0 3.3,
pyridinecarboxamide {(N-{2-{nitrooxyethyl]-Misoldipine3,5-Pyridinedicarboxyiic acid, 1.4~
dibydro-2 o-dimethyl-4-2-nitropheny -, methy! 2emethylpropyl estor CAS BN 636757293,
mifedipine3, 5-Pyndinedicarboxvhic acid, Ld-dilvydro-2,6-dimothyl-4-Z-nitrophenyi}-, dimethyl
cater CAS BN 21829-25-4), perhexiline maleate (Fiperidine, 2-(2 . 2-dicyciohexyicthvl}-, {3432
butencdicate (1 (1) CAS BN 6724-53-4), axprenclol hvdrochloride (2-Propanol, §-[{1-
methylethyDandnol-3-12-(2-propenyioxyphenoxy]-, hydrochloride CAS RN 6452-73-93,
pentrinitrol {1,3-Fropanediol, 2 2-bisl{nitrooxy methyl}-, mononitrate (oster) CAS RN 1607-17-
6}, veraparil {Benzevcacetonitrile, o-{3-[{2-(3.4-dimethoxyphenyliethyl]- methviaminolpropyll-
3, 4-dimethoxy-a-{1 -methyiethyly- CAS RN 52-33-9) and the like; angictensin U receptor
amtagonists such as, aprosartan, zolasartan, clinesarian, pratosartan, FIGKZER, RNH62T0
candesartan (I H-Benrmimidazole-T-carhorylic acid, 2-ethoxy--{[2-(TH-tetrazal-5-y DL~
biphenyid-yifmethyl]- CAS RN 129481-89-7), candesartan ciloxetil {({4/-)-1-
{oyclohexylcarbonyioxyethyb-2~cthoxy -l

-2 -{iH-etrazol-S-vhbiphonyvi-4-yi-IH-benzimidazole
carbosylate, CAS RN 145040-37-5 URST7031 10 and UUSS5196444), eprosartan {3-{1-4-

sarboxvphenyhnothyhi-2-n-boivl-imidaze -5~y 2-thienvioeithy!) propenoeic acid, USS5185351
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and US5650650), irbesartan {2-n-butyl-3- [[2-(Ih-tetrazol-5-yDbiphenvi-4-vyihmethyl] 13-
diazazspirold 4 inon-lon-d-one, USS2703 17 and UR5352788), tosartan (2-N-butyl-d-chlora-5-
hyvdroxymethy - 2-(HH-tetrazol-S-yhibiphenyi-d-vl b-methyihmidarzole, potassion salt,
USS138069, USSIS3197 and USS128358), tasosartan {5, &-dihvdro-2 4-dimethyl-8-{(2-(1H-
etrazol-5-vl}{ Le-biphenvild-vimnethyl}-pyrido[ 2,3-dipyrimidin-7{6 Hi-one, USS5149699},
telnisartan (4-[(1 4-dimethy-2-propyi-(2,6-bi-lH-benzimidazoel -revi]-[ 1, 1 -biphenyi}-2-
carboxvhic acid, CAS RN 144701-48-4, US5391762), milfasarian, abitesarfan, valsartan
{Diovam@%ﬁ (Movartis), (SyNevalory BN -(H-tetrazol-SyDibtphenyi-4-ylmethylvaline,
85369578), EXP-3137 (2-N-butyl-d-chloro-{(2-{iH-tetrarol-S-yDHbiphenybdoy -
methylnmidazole-S-carboxylic acid, USSI3R068, UIS5153197 and LISS12ZR3IS55), 3-{2-(tetrazol-
S-vhi-Lre-biphen-d-vimethyl-5, 7-dimethyi-2-cthyl-3H-imidazol 4, 5-bipyridine, 4'{2-cthyl-4-
methyl-6-{5,6.7 8-tetrahvdroimidazol L, 2-alpvridin-2-vil-benzimidazoi-1-vi-methyi}-Lr
biphenyl}-2- carboxylic acid, 2-butvl-6-{l-methoxy-l-methylethyvi}-2-[ 2 Htetrazol-3-
vitbiphonvi-4-vimethyl] guinazolin-4 3H-one, 3 - {27 -Caﬂ”bOXj71)1‘{)}161’1}}'3u4~}’i}i’ﬁ€ﬂ]}'iif -2
cyclopropyl-7-methyt- 3H-imidazol4,5-blpyridine, 2-butyl-4-chloro-1-{{2"-tetrazot-5-
yibiphenvi-d-vhmethylimidazole-carboxvlic acid, 2-butyl-d-chloro-i-{{2'-{IH-tetrazol-5- viy [ 1
, 17 =bighenvl] -4evilmethyll- 1 Heimidazole-3 ~carboxylic acid- 1 ~{athoxyearbonyl-oxyiethyl
gater potassitny salt, dipotassivm Z-butvi-d-{methyithioy-l-[ 2-{{ {{propyiamina jcarbonviiamine -
sulfonyi iUl “biphenyvl-4-viimethyil-1 H-imidarole-3 -carboxylate, methyl-2-{{4-buryi-2-
methyl-6-0x0-5-[[ 2-{iH-tctrazob-5-yIi-{L1 -biphenyvii-4-vlimethyl - -6 H ) pyrinudinylimethyi]-
3-thiophencarboxyviate, 5-1(3,5-dibuiyl-1H-1.2 4-trigzol-b-yDmethyi]-2-02- € 1 H-tetrazol-5
viphenvhipyriding, 6-butyl-2-(2-phenylethyly-3 {{27-(F H-tetrazol-53 -yBi 1,1 - biphenyli-4-
methyl ipyrimidin-4-(3H-one 13,1 lysine salt, S-methyl-7-n-propyl-8-[12'-{1H- totrazol-5-
yidbiphenyi-d-vliimethyl}-[ 1 2 4i-triazolo] | S-cipyrimidin-2{3H }-one, 2,7-diethyl-5~ [{2{5~
tetrazoly ibiphenyl-d-vimethyl]-5H-pyrazolo[L5-b L2 4 firiazole potassiurn saky, 2-[2- buty -4 5-
dihydro-d-oxo-3-] 2 H-tetrazol-5-vi-4-biphenybmethyl]-3H-midazoi{4,5- clpyridine-5-
vimethylibenzoic acid, ethyt ester, potassiom sali, 3-methory-2.6-dimncthyl-4 [[2 {iH-tetrazol-5S-
yi-L biphenvi-d-vlhncthoxylpyridine, 2-cthoxy-I-[[2-(5-080-2,8-dibhydro- 1 2 4-oxadiarol-3
vihibiphenyl-4-vimethyl] - 1 H-benzimoidazole-7-carboxylic acid, | - [N~2 "~ 1 H-fetrazol-3-
vithiphenvi-4-vi-methvD-M-valerolviaminomethyhiovelopentane- | -carboxyvlic acid, 7- methyl-

Inepropyvi-3-112° H-teiraze l-S-vhbiphenyvil-4-vijoothvi-3H-imidazoi4, 3-6 jpyniding, 2- [3-[(2-
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ethyl-5.7-dimethyvl-3H-imudazo[4,5-blpyadine-3-yDmethyl]-2-quinotinyvlsodium benroats, 2-
i}u‘ty3~6~c.hie1‘0—4—~hydroxymc‘thyE~5 ~methyi-3 ~[12-(1 H-tetrazol-5 ~vihiphonyl-4~
viimethyviipyriding, 2- T [[2-butyl- § - [{d-carboxyphenviimethvi] - | Hamidazol-5 -
vijmethyllaminoibeozeic acid tetrazol-3-vhbiphenyl-4-vijmethviipyrimidin-g-one, 4(5}- {4-
{carboxymethyvliphenoxy FN-[2{R)-{4- Z-sulfobenzamidomidazol- 1 -vijoctanoyl-L-proline, |
- {2 6-dirpethyliphenyD-4-butyi-L3-dibydro-3-[ 6~ 2-{ IH~tetrazol-S-y Dpbenyl]-3-
pyridinylfmethy1]-2H-imidazol-Z-one, 3 &-ethavo-3 B-dimethyb-Z-n-propyt-3 6.7 B-tetrahydro-
- {12 H~etrazol-5-vDibiphenyl-d-yiimethy - 4513 4o Ba-tetrasacyclopenianaphthalene-9-
one, 4-[1-[2-{} 2 3 d-tetrazol-S-yDibiphen-d-vipnethylaming |- 5,6,7 S-teirabydro-2-
trifviguinazoline, 2-(2-chiorobenzoyvhiumino-S-cthvi3-[ 2% (JH-etrazole-5-vibiphenyi-4-
viethyi-1.3 d-thiadiazeline, 2-[5-othyl-3-[ 2-(IH-totrazole-5-vibiphenvi-4-vimethyl-1.3 4
thiazoline-2-vlhidene Jaminocarbonvi-1-cyelopentencarboxylic acid dipotassium salt, and 2-butyi-
4-{N-mgthyl-N-{3 -methvicrotonovilamine] - 1 - { {27 -{ 1 Hetetrazol-5 -viyhiphenyi-4-
vijmethyi]- | H- imidzole-5 ~carboxvlic acid 1-ethoxyearbonvioxyethy ester, those disclosed in
patent publications EP4735206, EP497150, EPS3%0K6, EP539713, EPS35463, EPS535465,
EPS4205%, EP497121, EPS35420, EP4QG7342, BEP415886, EPA24317, EP435827, EP433983,
EP475898, EP4O0OR20, EP52R762, FPA24377 EP3I23841, EP420227, EPSDO20T EP426021,
EP4R0204, FP429257, EP430709, EP434249 EP44a0n2, EPSDS9S4, BEP524217, EPS14167,
EP5143198, EPSI4103, EPS14192, EP450566, EP46R3ITE, EP485929, EPS03162, EPS3303¢,
EP467207 EP399731, EP399732, EP412848, EP453210, BEPF450442, EP4T70794, EP4707R5,
EP495626, EP495627, EP4994 14, FP499416, EP4904 15, EF51179L, EPS16302, EPS20723,
EP320724, EP339066, EP438R86S, BEP303ES3, EPS30702, EPAQOSE35, EP400974, EP4016340,
EP47102, EP411766, EP409332, EP412594, EP419048, EF420659, EP4R1614, EPAR0SKET,
EP46TT15, EP479479, EPSG2725, EPSO3E32, EPSO5098, EPSQATTT EPA13,979 EPSQT54,
EPSL0812, EPSTI767, BEPS12675, EPS12676, EPSI28TG, EPS17357, EPS3T937, EPS347006,
EP327334, FPS40356, FP441040, FPA4003%, FP465368, FP40OR723, FP4SR722 TP498721,
EPST5265, BEPS0O3785, EPSGIRG2 FPS1983T, BEPS324 10, EP49R361, EP432737, EPS{4EER,
EPS0E393, EPSOR445, EP403159, EP403158, EP425211, EP427463, EP437103, EP4RT 448,
EP4R8RS32, BEPA01206%9, BEP3G0409, EP540400, EPOUR52E, EPOI8R34, HPO28E33, EP41 1307,
EP425921, EP430300, EP434035, EP442473, EP443568, EP445E1 L, EP4SS 136, EP483653,
EPSIRO33, EP320423, EP331876, EPS31874, BEP332317, EP4068470, EP470543, EP3{023 14,
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EP529253, EPS43263, BEPS40209, EP44969%, BP465323, BPA21768, EP415584, W92/14468,
W93, WOOBR/O816S, WOST/B0Z7T, WORT/G0ZET, WO I/H4367, WORZ/Q67,
WO9Z/00977. WOUZZ0342 WOOR/404S, WKIEAMO46, WOS1/15206, WO92/147 14,
WS2/009600, WO92/16552, WO93/03025, WOB3/0301 8, WO L/07404, WORZ/A2508,
WOSZ/3E53, WOOL/19697, WOLT/LI90%9, WOST/12001, WOST/11898, WO91/15209,
WORT/15479, WOOR/Z06R7, WOS2/20062, WOSZ/20661, WOSE/G1 177, WOSU/E4679,
WOSH/3G63, WOU2/135364, WORT/1T143, WOST/IEEER, WOST/19715, WO92/02257,
WOR2/04335, WOOR/05161, WOS2/G7K52, WOSZ/15577, WOSE/(3033 WHOL/ESA3 13,
WOSZ/O0G0E, WOYZ/G2A10, WORZ/AG2TE, WORZ10179, WOSZ/1818E, WO92/1(186,
WOS2/I0IRE, WOO2JT0097, WO92/10183, WOSZ/0TRZ, WOSZ/TGIET, WO92/13184,
WOUZA0 R, WOUZ/TGI 80, WOBZ/TQIRS, WORRZ20651, WOR3/G3722, WOY3/06K2K,
WORSAH3040, WOO/E02ET, WOS2/22533, WO9Z/O608], WORZ/G5784, WO3/0034 1,
WO92Z/04343, WOOZ/G4050, USSIOEET7, USSIETI6R, USS149689, USSIRS340, US4580804,
USSIZR069, US491612%, UUSSIS3197, LUBS1734%94, UIBSTI3794G6, LIS5155126, LIS3140637,
LIS5137902, USS157026, USSO53329, USS132216, USSHST7522, USSD66586, USSO83626,
USS048565, USSORTTOR, USS124335, USSTORZRED, UISSI2E327, LIS5151435, LIS5202322
TISS1E7159, UINA198438, USS182288, USS036048, USS140036, UISSN8T634, US5186537,
USSIS3347, USSI910K86, USSI00942, UISST77097, 1ISS212177, {IR5204234, 1IS520823
USE212195, URS130439, USSO45540, UNS041 142, and USA210204, and pharmaccuticaliy
acceptable salts and esters thereof; o/ adroncrgic blockers such as rupradilel, arotinolol,
amosulalol, bretviium togyviate (CAS RN: £1-75-6), dihvdroergtamine mesviate {such as
ergotaman-3’, 6. 18-trione,9,-10-dihyvidro-12-hydroxy-2'-methyvi-53-(phenyimethy - 5 (r)
monomethancsulfonate, e, DHE 45® Injection, Movartis}, carvedilol {such as (i‘)vL(CarbazoL
4~v10xv}~3~ﬁ2~{ c-methoxyphenoxyjethyi] aminc] -2-propanol, eg., Coreg®, SmithKHoe
ccharm)}, labetalol (such as 5-[l-hydroxy-2-{(t-methy -3-phenylpropyl) smino]
ethylisalicylmnide monohydrochloride, g, NMormodyoe®, Schering), bretviium tosylate
{Benvenomcthanaminium, 2-bromo-M-cthyl-N N-dimethyvl-, salt with 4-methylbenrencsulfonic
acid {1 1Y CAS RN 61-75-6), phentolamine mesylate {(Phenol, 3-[H4,5-dibydro-IH-imidarol-2~
vihmethyi{d-methyiphenyDamino -, monomethanesuifonate (sall) CAS RN 65-28-1},
solyperting tartrate {SH-L3-Dhoxolol4.5-Flindole, 7-12-[4-(2-methoxyphenyii-1-
piperazinyliethyli-, (2R 3R-2, 3-dibydroxyhutancdicate (1 113 CAS BN 5391-43-5), zolertine
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h;v'drochim"idf: {Piperazing, Iphenyid-[2-{IH-tetrarol-5-vhethyl]-, monohydrochlaride (RCE 9CH
CAS RN 7241-94-3} and the like, o adroncrgio reeeptor blockoers, such as alfuzosin {{CAS RN;

81403-68- 1), teraresin, urapidil, prazosin (Minipress®), tamiaulosin, bunarosing, trimazosing,
doxarosin, naftopidil, indoramin, WHP 164, XENCIO, fenspiride hydrochloride {which may be

prepared as disclosed in US33899182), proroxan (CAS RN 33743-96-3}, and Iabetalol
hydrochloride and combinations thereof; o 2 agounists such as methyidops, methyvldeopa HCL,
fofexidine, tamenidine, moxonidine, rilmenidine, guanobenz, and the like; aldosterone
fnhibitors, and the like; renin inhibitors including Aliskiren (SPPIOO; Novartis/Speadell;
angiopoietin-2-binding agenis such as those disclosed in WOO3/030833; anti-angina agents suich
as ranoiazine (hydrochioride F-Piperazineacetamide, N-(2,6~ dimethyipbhenvip4-[2-hvdroxy-3-
{Z-mcthoxyphenoxyipropyll, dilivdrochloride CAS RN 95635+ 56-6), botaxole! bvdrochioside
2-Propancl, -4-{2 fevelopropyvimethoxyethylphenoxy -3-{{1- methviethyiaming]-,
hvdrochloride CAS RIN 63659-19-8), butoprozine hydrochloride (Methanong, {4-
Bidibmyiamine propoxyiphenvi i 2-ethyl-3-indolizinyi}-, monchydrochloride CAN BN 62134-
3433, cinepazet maleatel-Piperazineacctic acid, 4-j1-0x0-3-{3,4,5- trimethoxyphenyli}-2-
propenyii-, ethyl ester, (2Z22-butencdicate {1 11} CAS BN 30679-07-7), tosifon
{Benzencsulfonamide, 4methybN-[{{{8}-lomethyl-2-phenvicthyvilamino jearbonyl]- CAS BN
32285184, verapamithydrochloride (Benrencacetonitrile, nef3-[12-(3 4~
dimcthoxy phonyDethyHmethvlanuno{propvil-3 4-dimethoxy-g-{ | ~mothyicthyli-,
monohydrochioride CAS KM 152-114), malsidemine {1,2,3-Oxadiazolium. 5-
[{ethoxycarbonvhamino-3-{4-morpholinyly-, inner salt CAS RN 25717-20-0), and rannlazine
hydrochloride (1 -Piperazincacctamide, N-{2.6-dimcthylphenylia-[2-hydroxy-3-{2-meth-
oxyphenoxypropyvii-, dibydrochloride CAS RN 23635-36-0); tosifen {Benzenesulfonamide, 4~
methyl-M-{{ % -1-methyl-2-phenylethyllaminojcarbonyl]- CAS RN 32295-184); adrenergic
stimulants such ss guantacine hydrochioride (such gs N-amiding-2-(2,6-dichlorophenyl}
aeetanide byvdrochloride, e g, Tenex® Tablets avalable from RBobing); methyidopa-

hydrochlorothiawide (such as kevae-3 4\'% ~dibydroxyphonyD-2-methyialanine) combined with

Hydrochlorothiazide {such as 6-chioro-3 d-dibhvdre-2H L2 d-benzothiadiazine-7- sulfonamide
i~-dioxide, e.g., the combination as, e.g., Aldorti® Tablets available from Merek), methyldopa-

chiorothiazide {such as 6-chlore-2H-1, 'Z,-4~‘ocm‘.0ihiadiazirae:-lsuifeﬂami(_k? I -dioxade and

methvidopa as described above, e.x., Aldoctor®, Merek:, cloniding hvdrochloride (such as 2-

51

3514



10

15

20

25

30

WO 2009/149279 PCT/US2009/046288

{2 t-dichlorophenviamino}-2-imidazo ine hydrochloride and chlorthalidone {such as 2-chlore-5-

{i-bydroxy-3-oxa-i-isoindohinyt) benzencsultonanude), e.g., Combipres®, Bochringer
Ingelherm}, clonidine hvdrochloride (such as 2-(2 6-dichlorophenyiamine)-Z2-imidazoline
hydrochloride, e.g., Catapres®, Bochringer Ingelheim}, clonidine (H-Imidazol-Z-amine, N-{2.6-
dichlorophenyD4,5-dibydro-CAS RN 4205-90-7), Hyzaar (Merck; 2 combination of losartan and
hydrochlorothiazidey, Co-Diovan (Novartis; a combinatien of valsartan and hydrochlorothiazide,
Lotrel (Movartis; a combination of benazepril and amlodipine} and Caduet (Pfizer; a combination

of amdndipine and atorvastatin}, and those agents disclosed 1o US20030069221 .

Agents for the Treatment of Respivatory Disorders

‘The GURA peptides described berein can be used in combination therapy with one or
maore of the following agents uactial in the treatment of respiratory and other disorders including
brut not Hmited to: {1} B-agonists inciuding but not limited to ; albuterol (PRO VENTIL® | S8
ALBUT AMOIR | VERNTOLING, bambuterol, bitotersi, clenbuterol, fenoterol, formoterol,
ispetharine (BRONKOSOL®, BRONKOMETER®), metaproterenot (ALUPENTR,
METAPREL®E), pirbuterol {(MAXAIR®), reprotersl, rimiterol, salmeterol, terbutaline
{BRETHAIRE® BRETHINE®, BRICANYL®), adrenalin, isoproterensl (ISUPREL®),
opinephrine bitartrate (PRIMATHENE®}, ephedrine, orcipronline, fonotern! and isoetharing; {2}
steroids, mchuding but not imuted to beclomcthasone, beclomaethasone dipropionate,
betamethasone, budesonide, bunedosude, butixocort, dexamethasone, flonisolide, fluocortin,
fluticasone, hydrocortisone, methvi prednisone, mometssone, predonisclone, predonisone,
tipredane, tixocorial, triameinolone, and triamcinclone acotonide; (3} BZ-agonist-corticosternid
combinations {e.2., salmeterol-thuticasone {AD V¥V AIRE), formotersh-budesonid (5
Y¥IMBICORT®)Y] ; (4} leukoiriens D4 receptor antagonists/leukotricne antagonists/L T4
antagonists {1.e., gny compound that is capable of blocking, jnhibiting, reducing or atherwise
urerrupting the interaction between leukotrienes and the Cys LTT receptory including but not
himited tor zafhiukast, montelukast, monichikast sodivm (SINGULATR®), praniukast, iralukast,
pobilukast, SKB- 106,203 and compounds described as having LT antagonizing activity

binsynthesis inhibitors [eg., zileuion and BAY 1005 (CA registry 128253-31-6}]; (6) histamine

HI reeoptor antagonisis/antihistamines (e, sny compounsd that is capable of blocking, inhibiting,
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reducing or otherwise interrupting the interaction between histaroine and its recopior) meluding
but not irotted tor astemizole, acnivasting, antazoling, azatading, azeiastine, astamizoic,
bromopheniramine, bromopheniramine maleate, carbinoxamine. carchastine, cetivizine,
chiorpheniramine, chloropheniramine maleate, cimetidine clemasting, cyvelizineg, cyproheptadine,
descarbocethoxyvioratadine, dexchlorpheniramineg, dimethindene, dishenhvdramine,
diphenvipyraline, doxviamine suceinate, doxviarnine, ebastine, effetirizine, epinastine,
famotidine, fexofenading, hydroxyzine, hyvdroxyzing, ketotifeon, levocabastine, levocetirizing,
levooetirizing, loratading, meclizine, mepyvramine, mequitarine, methdilazine, mianserin,
mizotasting, noberasting, norasternizole, noraziemizole, phenindaming, phowramineg, picinast,
promethazine, pynlamine, pyrilamne, ranitidine, femelastine, terfenading, trimeprazine,

iripelenamine, and friprobiding; (73 an anticholinergic inchuding but notf linmted {o; atropine,

benziropine, biperiden, flutropium, hyoscvamine {e.g. Lovsin®: Levind®; Levsin/SL®,
Anaspaz®, Levsinex thnccaps®, Mul.ov®), tiutropium, ipratropium, ipratropium bromide,
methscopolamine, oxybutinin, rispenzepine, scopolamine, and fiotropim: {8} an andi-mssive
inciuding but not limited to: dextromethorphan, codeine, and hydromorphone; {9} a decongestant
incioding bt not limited to: pacudoephedrine and phenylpropanociamine: (10} an expectorant
including but not limited to: guafenesin, guaicelsulfate, terpin, ammonium chloride, glycerol
guaicoiate, and lodinated glveeral; (11} a bronchodilator inchading but not Himited to:
theophylline and aminophyiline; (12} an anti-inflammatory inchrding but not mited to:
fluribvprofen, diclophenag, indomethacin, ketoprofen, S-ketroprophen, tenoxicam; {13} a2 PDE
{phoaphodicsterase) mhdbitor ineluding but not lunied 1o those disclosed heorein; {14 o
recombinant humanized monoclonal antibody [e.g. xolzair {also called omalizumaby), rhuMiab, and
talizumah]; (15} a humanized hung surfactant including recombinant forms of surfactant proteins
SP-B, SP-C or SP-£2 {e.g. SURFAXIM®, formerly known as dse-104 (Discovery Laboratories)],
{16} azents that inhibit opithelial sodium chaonels (ENaC)Y such as amiloride and related
compownds; (173 sidinmicrobial agents used {0 treat pulmonary infections such as acyclovir,
amikacin, amoxiciibin, doxveycling, trimethoprin sulfamethoxazole, amphaotericin B,
azithromyein, clanthromyom, roxithromy cin, clarithromycin, cephalosporins{ cotfoxitin,
selimetazole ote), ciprotloxacin, cthambutol, gontimaycin, ganciclovir, imipencm, isoniazid,
draconarote, penicithing, ribavirin, rifampin, rifabutinamantadine. rimantidine, streptomyoein,

tobramyvein, and vascomyein; {18} agents that activate chiloride seerction throagh Cat+
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dependent chlonde channels {such as purinergic roceptor (F2Y{(2) agonists); (19} agenis that
docrcase sputum viscosity, such as buman recombinant DiNase 1, (Poalmozyme®); (203
nonsteroidal anti-inflammatory agents {acemetacin, acstamninophen, acetyl salicvlic acid,
atclofenac, alminoprofen, apazone, aspirin, benoxaprofen, bezpiperyion, bucloxic acid,
carprofen, clidanac, diclefenac, diclofenac, diftunisal, diffusinagl, etodolae, fenbufen, fenbufen,
fenclofonae, fonclozic acid, fenoprofen, fentiazac, feprazone, fhufenamic acid, lufenisal,
flofenisal, fluprofen, fhebiprofen, flurbiprofon, furofenac, ibufenac, ibuprofeon, indomethacin,
indomethacin, indoprofon, isoxepae, soxicam, ketoprofen, ketoprofen, ketorolac, meclofenamic
acid, meclofenamic acid, mefenamic actd, mefenamic acid, miroproten, mofebatazone,
nabumetone oraprosin, naproxen, naproxen, niflumic acid | oxaprozin, oxpinac,
oxyphonbutazone, phenacetin, phenyibutazone, phenyibutazone, piroxicam, piroxicam,
pirproten, pranoprofen, sudoxicam, tenoxican, suifasalazine, sulindac, sulindac, suprofen,
flaprofenic acid, tiopinac, toxaprofen, tolfenamic acid, tolmetin, tolmetin, zidometacin,
zomepirac, and zomepirach and (21} acrosolized antioxidant therapeutics such as S-

Nitrosoghutathione.,

Anti-obesity agents
The GUR A peptides deseribed herein can be used in combination therapy with an anti-
obcsity agent. Suitable such agents include, but are not hinuted tor T HED-1 {1 1 -beta hvdroxy

steroid dehydrogensse type | inhibitors, such as BY'T 3498, BVT 2733, 3-(l-sdamantyii-4-

gthyl-5-{ethvithio)- 4H-L2 4-trigrole, 3-{-adamantvl}-5-{3 4,5 trimethoxyphenyil-4-methyl-4H-

~

1.2 4-riazole, 3- sdamantanyl-4,5,6,7,8,9,10,11,12,3a- decabwydro-1,2 4-trigzolo]4,3-a}il
{lannulene, and those compounds disclosed in WOG1L/9G001, WO 1790080, WO 1790092 and
WOO2AT2084; SHT antagonists such as those in WOO3/037871, WOO3/037887, and the like;
SHTE: modulators such as carbidopa, benserazide and those disclosed in US620769%,
WOU3/031439, and the like; SHT2¢ (serctonin receptor 203 agonisis, such as BYT933,
DPCAZTZIS, TK264, PNU 22394, WAYT61503, R-1065, 8B 243213 (Glaxo Smith Khine) and
Y 348 and those disclosed s URZS14250, WOOGL/T7010, WOO2Z/36584%6, WOH2/481234,
WO/ 10169, WO0T/B6548, WOOZ/M4152, WOUZ/51844, WOUZ/40456, and WO0R2/40457;
SHTE receptor modulators, such as those in WOO3/030901, WO03/035861, WO03/038547, and

the like; soyl-csirogens, such as oleovi-estrone, disclosed m del Mar-Grasa, M, ot al, Obesity
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Rescarch, 9:202-% {2001} and Japanese Patent Application Mo, JP 208256190, anorectic
bicyelic compounds such as 1426 {Aventisy and 1954 {Aventis), and the compounds disclosed n

WOV IETAS, WOR/3263E, WOO11/62746, WOBU/E2T747  and WGOR/B153769: CB

(caimabino‘i d-1 receptor) antagonist/inverse agenisis such as rirnonabant {Acomplia; Sanofi), SR-

47778 {Sancfi}, SE-141716 (Sanoft), BAY 65-2520 (Baver}, and SLV 319 {Solvay}, and those

disclosed in patent publications US49T3587, USSOI3R37, USSORTIZ2, UUISSEIZR2G, LIB52927346,

VIRSS32237, US3624941, US6028084, USA309367, USE3(9367, W{Ia/33159, W(97/28079,
WOOR/Z1227, WOOR/Z3765, WOSE/37061, WOTE/M1519, WOSE/M3635, WHUR/43636,
WOSH02499, WODD/TH967, WOOH/ 10968, WOOT/D9120, WOOT/58368, WOG1/64032,
WOO/64633, WOBT/64634, WOG1/70700, WOULL/S6320, WOHIZ/(76949, WON3/G060G407,
WOHIB/Q07887, WODR/H28217, WOG3/A26647, WOO3/826648, WOU3/027069, WOR3/027074,
WOO3/H2TEHEG, WOB3/G37332, WOU3/040107, WODR/G8e040, WOG3/084943 and EPAS5546;
COK-A {choleoystokinin-A)d agonists, such as AR-R 13849, GI 181771 (GRE). IMVY-1R80, A~
TI378, A-71623 and SR146131 {(Sanofl), and those described in LIS3739106: ONTH (Ciliary
newrctrophic factors), such as GI- 181771 (Glaxo-SmithKling), SR 46131 (Sanofi Syathelabo),
butabindide, FD 170,292, and PD 149164 (Pfizer); ONTF derivatives, such as Axokine®
{Regeneron}, and those disclosed in WO04/001 34, WOBE/221 28, and WO99/43813; dipeptidyl
pmpnda\, FY {DP-1Vy inhibitors, such as isolevcine thiazehidide, valine pyrrolidide, NVP-
DPPI28, LAVF237, PO3/GY, P 3298, THL 225 {iryptophyl-1.2 3 4-tetrabydroisogquinoline-3-
carboxvilic acid; disciosed by Yamada ¢t al, Bioorg. & Med. Chem. Lett, § {19983 1537-1 544},
TMC-2A28/2C, CI26 inhibtors, FE 999011, PO3IG/K364, VIP 8177, SDZ 274-444 2-
cyvanopyrrolidides and 4-cvanopyrrolidides as disclosed by Ashworth et al, Bloorg. & Med.
Chem, Lett, Vol 6, Mo, 22, pp 1163-1166 and 2745-274¢ (1996} and the compounds disclosed
patent publications. WO2%/38501, WOU2/46272, WO99/67279 (Probiodrug), WO99/67172
{Probiodrug), WO9/61431 (Probiodrug), WOOR/GR3128, WOGL/062764, WO03/000180,
WOUS/O001 81, WOOS/00G230, WOO3/002530, WOO3/002531, WOO/DN2553, WOB3/002593,
WON3/004498, WON3/004496, WOA3/G17936, WO03/024842, WON3/624905, WOD3/033524,
WOU3R/Q27327 and EP12385476; growth hormone soorctagogue roceptor agonists/antagonists,
siich as MINTO3, hexarclio, MEK- 0677 (Merck), SM-130656, CP-424391 (Plizer), LY 444,711
(EL Lalbyy, L-6%2 429 and L- 163 255, and such as those disclosed in USSN (2/662448, US

pravisional application 64/203333, USG35R931, URZ002049196, USZG02/022637, WOU /56592
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and WOO2/32888; H3 (histamine H3) antagonist/inverse agonists, such as thiopeoramude, 3-(1H-
imidazol-4- yhpropyl M-t4-pontcovhicarbamate), clobenpropit, iodophenpropit, imoproxitan,
(T2394 {Glistech), and A331440, O-[3-{IH-imidazol-4-vyDpropanclicarbamates {(Kieo-
Kononowiez, K. et al,, Pharmazie, 55:349-535 (204043), piperidine-comtaining histamine H3-

receptor antagonists {Lazewska, D, et al., Pharmame, 56:927-32 (20013, benzophenone

derivatives and related compounds (Sasse, &, et al, Arch. Pharm{ Weinheiimn) 334:453-52 (20013},

substituied N- phenyvicarbarsates (Reidemeister, 5. ot al., Pharmazie, 35:83-6 {20003}), and

proxifan derivatives {(Sasse, A et al, § Med. Cheo . 43:3335-43 (20000 and histamine H3

receptor moditlators such as those disclosed in WOO2Z/15908, WOO3/A24928 and WO034324929;

leptin derivatives, such as those disclosed 1n USS552524, USS552523, 1155552522, LISS5212K3,
WIIH/23513, WOE/235 4, WOIB6/Z2351S, WOBG/Z23516, WOBE/23517, WOBH/2351K,
WO96/23519, and WOSH/23524; leptin, including recombinant human leptin (PEG-0B,
Hoffman La Roche) and recombinant methiony! buman leptin {Amgen): lipase inhibitors, such
as tetraivydrolipstatin {orlistat/Xenical®), Triton WRI 339, RHCR(267, lipstatin, teasaponin,
dicthviumbeiliferyt phosphate, FL-386, WAY 121898, Bay-N-3176, valilactone, csteracin,
chelactone A, ebelactone B, and RHC 39267, and those disclosed in patent publications
WOL/77094, US4598089, UN4452813 USUSS512565, UNS391571, USSa02151, US4405644,
US4188438, and 1184242453 lipid metabolism modulators such as maslinic acid, ervthrodiod,
ursolic acid wvasol, betulinie acid, betulin, and the ke and compounds disclosed in
WOU3/4811267; Medr (melanocoriin 4 receptor) agonisis, such as CHIREOG3S {Chiron}, ME-
10142, ME-10145, and HS-131 {Melacurel, and those disclosed in PCT publication Kos.
WORS/G6A002, WOOH/ 74675, WOO /991732, WO /23192, WOO /52880, WOO /74844,
WOO V70708, WOO/T0337, WODT/Q175Z, WOO2/N53095, WOHB2/H50107, WOGL/AS910E,
WOOLAAS01 T, WOO/06276, WOOE/12166, WOOZ/ 11715, WONZ/12178, WOH2/15909,
WON2/38544, WOO2/06R387, WOB2/068388, WOG2/G6756%, WOGL/U8 1430, WOO3/(66604,
WOU3/00794%, WOOS/005E47, WOO3/009850, WO03/01 3509, and WOO3/031410; MeSy
{melanocortin 5 receptory modulators, such as those disclosed in WO7/13952, WODBYISR24,
WOON/1 5790, URZ002009204 1; melanin-concentrating hormone 1 receptor (MUHR)
antagonists, such as T-2262496 {FTakeda), SB 568849, SNP-7941 {(Syuaptic), and those disclosed
m patent publications WOO /21169, WOO/R2923, WOLR/ETE34, WOOZAS 1602,
WOR/06245, WO02/076829, WORZ/076%947, WO02/04433, WOO /31509, WO02/083 134,
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WOO2/094799, WOOS/004G27, WOO3/13574, WONA/15768, WOOR/02Re41, WOOR/035624,
WONEO33476, WOBR/0334R0, JP13226269, and JP 1437054, mGuRS modulators such as those
diselosed in WOO3/MZ02 10, WO03/047581, WOOR/048137, WOHR/051231 5 WODB/N5 1833,
WO03/AS3922, WO03/059904, and the like, serotoninergic agents, such as fenfluramine (such as
Pondimin® Benreneethanamene, N-cthyl- alpha-methyvi-3-{wiflucromethy -, hyvdrochlorides,
Robbins}, dexfenfluramine (such as Redux® {Benzepestbanarnine, M-ethyl-alpha-methvl-3-
{trifluoremethyl)-, bydrochlorides, nterneuron} and sibutramine {Meridia®, Kool Reductit™)
incloding racemic mixtures, as optically pure isomers (4} and {3, and pharmaceutically
acceptable salts, solvents, hydrates, clathrvates and prodrogs thereof inclading sibutrannne
hydrochlonde monohydrate salts thereof, and those compounds disclosed in 1154746680,
LINARO65TE, and USS436272, USZHUZ0006964, WO 1/2786K, and W 1/62341; NE
{norepinephring; tranaport inhibitors, such as GW 320659, despivamine, talsupram, and
nomifensing, NPY 1 antagonists, such as BEBP322¢6, 1115814, BIBO 3304, LY-357897, CF-
THa0e, G- 2648794, and those disclosed tn USS0G1836, WOBG/ 14307, WOG1/23387
W99/51000, WOBL/E5690, WOOT/8S008, WOBT/E5173, and WOOL/EB328; NPYS
{(newropeptide Y Y 5} antagonists, such as 152 804, GW-569180A, (3W-394884A, GW-
387081X, GW-348118X, FR2353208, FRR226928, FR240662, FRI32384 1229191, G1-264R870A,
COPTIGEIA, LY A77897, LY-366377, P-160170, SR- 1205024, SR-1208194, JUF-104, and
H409/22 and those compounds disclosed in patent publications US6140354, US61911400,
US6Z18408, URS6Z58837, US631329E, US6326375, US6329395, LIS6335345, UIS633733%,
US6329395, USe340683, EPGIGIO6S, EP-01044970, WOOT/196RZ, WOST/20820,
WOST2082E, WORT/Z0821, WORT/Z0823, WOSR/ZT003, WOOH/ 107408, WOO0O/1 83714,
WO L5730, WONG/A4RR0, WOOH/6R107, WOGH/69849, WO/OH13917, WOGL/9124,
WOG/14376, WOG/E3T714, WOOGL/E3T30, WOO/G740%, WON1/02379, WOG1/23388,
WOO/23389, WOO /44201, WOO0/R2737, WOOT/RZ738, WOGH/09120, WOU2/20488,
WOU2/22592, WOOZ/MEIA2, WO0/49642, WODZ/O51 8040, WO02/034789, WOO/B0F845,
WONEO4083, WOOR/02284%, WOO3/028726 and Norman ot al, I Med. Chem. 43:4288-4312
{20040} opiotd antagonists, such as nalmetfene (REVEX @), 3-methoxynaltresong,
mcthylnalirexone, naloxone, and naltrexone {e.g FUB0L; Paim Therapeutics, Ine.) and those
disclosed tn USZO050004 158 and WOO0O/21509; orexin anfagonists. such as 3B-334867-A and
those disclosed in patent poblications WOG1/96302, WOG/68609, WOU2M41 72, WOH2/5123.
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WOUO2/A1E3E, WOOZ/GE3E00, WOG2/AM0355, WONA/G33561, WON3/0329%1, and
WO3/057847,; POE inhibitors {e.g. compounds which slow the degradation of cyclic AMP
{CAMPY and/or oyelic GMP {cGMP) by inhibition of the phosphodissterases, which can feadio a
clative mnerease in the intracellular concentration of cAMP and ¢GMP; posaible PDE inhibitors
are primartly those substances which are to be numbered among the class consisting of the PDE2
inhibitors, the class consisting of the PDE4 inhibitors and/or the class consisting of the PDES
inhibitors, in particular those substances which can be designated as mixed types of PDE3/4
fnhibitors o as moixed types of PDES/A/S inhibitors) such as those diselosed in patont
publications DEI470341, DE210843E, BEZ2123328, DE2305330, DEZ3G33TS, BE2315R801,
DE240260«, DEZAIZ935, DE2451417, DE2459090, DE2646469, DE2727481, BEZEZ504R,
DBEZE37161, DEIZRAS22E, DEZEAT62T, BEIZIRIAT47, DEIOZIT9Z, BEIN3S166, DEI(44568K,
EPGOGTIE, EPGHOE4NE, EPGGLIOT59, ERPGOS994K, EPGOTS436 EPOOR6S17, EPOE 12987, EROH

16948, EPOIS0R37, BEPO15&38G, BEPOLI61632, EPQISIOIK, EPQI6T7121, EPOIOO127, BPF(220044,

EPQ247725, EPQZSEIGL, EPQRZT2910, EF(272914, BEP02%4647, ERPO300726, EPG335384,
EPQ3S7788, EPO3RO2R2, EPG400958, EPO426180, EPQ428302, EPD435811, EPO4TOR0S,
EPO4R2I208, EPO490023, EPQS06194, EPFO311865, EPO327117, ERPDE20939, EPO6n4289,
EPOO71380, EPO6R5474, EPG6ES4TS, EPN6RSATE, IPO2I34358, IP94329652, JPOSOI0KTS,
US4963561, USS141931, W21 17991, WOO200068, WO9212961, WO9307146, W93 15044,
WOSRTA045 WOBLIE024, WS008, WOOZ19720, WOS319747, WO9319749,
WORIIRTSL, WOS3Z5517, WOB402465, WOR4O0423, WO9412461, WO9410455,
WOG422852, WOB425437, WOG427947, WO0S00516, WOSSHIG8%, WO0s03794,
WORSG4045, WOUSN4046, WOBS03386, WOUSORS34, WOG309613, WO9309024,
WOGSH9627, WORS0RE36, WOSSH40n7, WOOST4680, WOOS14681, WO0s17392,
WORSIT309, WOOSE9362, WOBS22520, WORS243R81, WOOSA276492, WOOS1EILA,
WOOS35281, WOBS35282, WOSKO0Z1 8, W06 825, WORSNZ5s41, Wi0611917,
DE3I42982, BEL 116676, DE21620%96, EPO293043, EPO463756, EPG432108, HPOST0494,
ERGGGTI45 US6331543, US20050004222 (including those disclosed w formulas I- X and
paragraphs 37-39, B5-0545 and 557-577), WOS307124, EPGI63965, EPO3G2500, EPUS 0562,
EPOSS53174, WOUSDI338 and wWOBS03399, as well as PDRES mbubitors {such as RX-RA-G9,
SCH-51866, K.T-734, vesnarinone, zaprinast, SEF-96231. ER-Z1355 BF/GP-385, NM-702 and
sildenafil (Viagra™0y, PDE4 mhbibitors (such as ctazolate, ICI63197, RP7340], imazolidinone
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(RO-26-1724), MEM 1414 (R1533/R1504; Pharmacia Roche), denbufvilme, rolipram,
osagrelate, nitraquazone, Y-590, DH-6471, SEEF-94128, motapizone, lixazinone, indolidan,
olprinone, altizoram, KS-506-G, diparmnfyline, BMY 43351 atizoram, arotyline, filaminast,
PB-093, UTUR-29646, CDP-540, SKF-187806, pictamilast, RE-17597, B5-25344- 000, 813~
207499, TIBENELAST, SB-2106067, SB-211872, SB-21160{), 8B-212066, SB-21217%, GW-
3600, CDP-840, mopidamol, anagrelide, ibudilast, amrinone, pimmobendan, cifostazol, quazinone
and MN-(3, 3-dichloropyrid-d-y1-3-cvelopropyhmethokvd-diflucromethoxybenzamide, PIES
inhibitors (such as ICI1 33, 168, bemorandane (RWI 22867, MCUCIL-1534, UID-CG 212, sulmaesle,
ampizone, cilostarmide, carbareran, piroxtmons, imazodan, TI-938, siguazodan, adibendan,
saterinene, SKF-85654, SDZ-MEKS-492, 349-11-35, emoradan, EMD-A33998, EMD- 537033, NSP-
A, NNP-387, revizinone, NM-702, WIN-62582 and WIN-63291, enoximone and milrinone,
PIPEZ/4 inhubitors (such as benafentrine, frequiingin, ORG-30029. zardaverine, L- 686398, 5DZ-
ISQ-844, ORG-20241, EMI-54622, and tolafeniring) and other PUE inhibitors {such as
vinproetin, papaverine, enprofyviline, cilomilast, fenoximone, pentoxifyilineg, roflumilast,
tadalafil(ialis®}, theophyiline, and vardenafil{ Levina®); Meuropeptide Y2 (NFY2} agonists
inciode but are not limited to: polypeptide Y'Y and fragments and variants thereof (e g, YY3-36
(PYY3-36 ¥N. Engl 1 Med. 349:941 2003, IKPEAPGE DASPEFENRY YASLRHYLNL
VIRQGRY (SEQ D NOXK XY and PYY agonists such as those disclosed 10 WO02/47712,
WOO3/02659F, WOOR/G57235 and WO03A27637; serotonin reuptake inhibitors, sach as,
paroxetine, fhuoxeting (Prozact™), fluvoxamine, sertraline, citalopram, and mupramine, and
those disclosed in US6 162805, US6365633, WON3/00663, WOO 1727060, and WO 1/162341;
thvroid hormone § agonists, such as KB-2611 (KaroBioBMS}, and those disciosed in
WOOZ/158458, WOST7/21993, WOGG/G0353, GBOB/ 284425, 113, Provisional Application Na.
60/183.223, and Japansese Patent Application Mo, JP 2000256190; UCP-I (uncoupling pi‘&tcin—i)”
2, o1 3 activators, such as phytanic acid, 4-[{E}-2-(5, 6,7.4- tetrahvdro-5,5 8 B-tctramethyl-2
napthalervl-I-propenyiibenroie acid (TTNPRBY, retinoic ae:.id, and those disclosed n
WOSS/G0123; B3 (heta adrenergic receptor 33 agonists, such as AJRTT/TAKGTT
{Dramnippon/Takeda), L7503528 (Merck)y, CP331648 (Phizer), CL-316242, 5B 415790, BRL-
37344, 1-796508, BMS-196085, BRL-351354, CGPI2ITTA, BTAZ43, GW 427353,
Trecadrine, Zencea D714, N-5984 (Nigshin kyorind, LY-377604 (Lilyy, SR 591194, and those
disclosed in USS5541204, USSTT0613, URS491 134, UR3T76983, US488064, US37G351 3,
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USS451677, WORA/IE161, WORS/29 159, WOGT/46556, WOOR/GAS526 and WOGR/32735,
WO0T/74782, WOB2/32897, WORIAT4T 13, WOU3/016276, WOU3A16307, WOO5/024948,
WONR/024953 and WOR/ 03788 noradrenergic agents including, but not lnnted fo,
digthylpropion {such as Tenuate® {1- propanone, 2-{diethylaminoe -t -phenyl-, hvdrochloride},
Merrell), dextreamphetamine {also known ag dextroamphetamine euifate, dexamphetamine,
dexedring, Dexampex, Ferpdex, Oxydess H, Robese, Spancap #1), mazindol {{or 5-(p-
chloropheny -2, 5-dihydro-3H- imidazoi2 Lahscindob-3-01) such as Sanorex®, Novartis or
Mazanor®, Wyeth Averst), phenylpropanolamine {or Benzenemsthanol, alpha-(raminoothyl)-,
hydrochioride), phentermine ({or Phenol, 3-[14,5-duhydro-1H-imidaro-2-vhethyif{4-
methyipheny-Bamine], monohydrochloride) such as Adipex-P®, Lemmon, FASTIN®, Swmith-
Kiine Beecham and fonamin®, Medeva), phendimetrazine {for (28,3533 4-Dimethyl-
Zphenvimorpholine L-{+}- tartrate (1 113 such as Mcetra® {Forest) , Plegine® {Wyeth- Ay erst},
Prelu-2® (Bochringer Ingelhetm}, and Statobex® {Lemmon), phondamine tartrate {such as
Thephorin® (2.3 .4 9- Tetrahvdro-2-methyl-3-phenvi-1H-indenolf 2 l-clpyridine L-{+-1artrate (1
1)), Hotfmann- LaRoche), methamphetamine {such as Desoxyn®, Abbot ({(81-N, {alpha}-
dimethylbenzencethanamineg hydrochloride)), and phendimetrazine tartrate {such as Bonwil®
Slow-Release Capsules, Amarin (-3 4-Dimethyvi-2-phenvimorphotine Tartrate); fatty acid
oxidation wwegalator/indncers such as Famoxin® {{enset); monamine oxidase inhibitors
mncluding but not hmited to befloxatone, moclobomide, brofaromine, phonoxathing, csuprone,
beifol, toloxatone, pirlindol, anufianune, sercioreming, bazinaprine, lazabemide, milscemide,
caroxazone and other cortain compounds as disclased by WO01/12176; and other anti-obesity
agomts such gs 3HT-2 agonisis, ACC (acetvl-CoA catboxylase) inhibitors such as those desoribed
in WOO3/072197, alpha-lipoic acid (alpha-LA), AQDSG04, appetite suppressants such as those
in WOO3/40107, ATL-262 (Alizyme PLC), benrocaine, benzphetaming hydrochloride (Didrex),
bladderwrack {focus vesiculosus), BRE3 (bombaesin receptor subtyvpe 3) agonisis, bupropton,
caffeine, CCK agomists, chitosan, cluoardum, corjugated noleie acid, conticotrapinereleasing
hormone agonists, debvdroeprandrosterone, DGATY {diacvlglyesrol acyliransforase 1) inhibitors,
DOATZ (diacylgiveerol acyvlitransieorase 2% inhibitors, dicarboxvlate transporter mhibitors,
gphodra, exendin-4 {an inhibitor of glp-1) FAS (fatty acid synthase} indubitors (such as Cerulenin
and C75), fat resorption inhubiiors (such as those in WOO3/03345 1, and the Like), fatty acid
fransporter inhibitors, natural water soluble fibers (such as psyllium, plantago, guar, oat, pocting,
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galanin antagonists, galega (Goat's Rue, Fronch Lilac), garcinia cambogis, gormander (teucriom
chamacdryvs), ghrelin antibodics and ghrelin andagonists {such as those disclosed in
WODL/KTAZS and WOO/08250), polypeptide hormones and variants thereof which atffect the
islet celt seoretion, such as the hormones of the seeretin/gastric inhibitory polypeptide

{(3PY vascaciive intestinal polypeptide (VIPYpiinitary adenviate gvelase activating polvpeptide
{PACAPYglucagon-tike polypeptide H {GLP- Y/ ghicentin/glucagon gene family and/or those of
the adrenoroedullin/amyiin/calciionin gene related polypeptide (CGRP} gene family
inclodingGLP-1 (ghicagon- like polypeptide 1) agoniats {e.g. (1} exendin-4, {2} those GLB-I
molecudes described in UR2065301 30891 including GLP~ 1{(7-34), GLP-K7-35), GLP-U7-363 or
GLP-I{7-37) in ste Coderminally carboxviated or amidated form or as modified GLP-]
polvpeptides and modifications thereot including those described in paragraphs 17-44 of
USZH0501 30891, and derivatives derived from GLEP-1-(7- 34)yCOOH and the corresponding acid
amide are employed which have the following general formula: B-NH-
HAEGTFTSDYSYLEGOAAREFIAWLVE-CONH, wherein B=H or an organic compound
having from 1 to 18 carbon atoms. Preferably, R s the residue of a carboxvlic acid. Particularly
preferred are the following carboxyvlic acid residues: formyl, acetvl, propionyl, isopropionyvi,
methvi) ethyl, propyl, isopropyl, n-butvl, sec-butyvl, tert- butyl) and glp-1 {glucagon-like
polypeptide~ 1), glucocarticnid antagonists, glucoae transporior inhibitors, growth hormone
seorctagogues {such as those disclosed and specifically described in UBSS3467143, interloukin-6
{IL-6} and modulators thereot {as in WOU3/857237, and the fike), b- carnitine, Me3r
{melanocortin 3 receptor’ agonists, MOHZE {melanin concentrating hormone 2R)
agonist/antagonists, melanin concentrgting hormone antagonists, melanacoriin agonists {such as
Melanotan 1} or those deseribed in WO 99/64002 and WO 80/74479), nomame herba, phosphate
transporter inhibitors, phytopharm compound 37 (CF 6446733, pyravate, SCD-1 {stearoyl-CoA
desaturase-1} inhibitors, T71 (Tularik, Inc, Boulder U0}, Topiramate (Topimaex®, indicated g3
an anti-convulsant which has beon shown to increase weight loss), transoription factor
modudators {such as those disclosed m WOO3/0265746), B-hydroxy stercid debvdrogenase- 1
mhibitors {8 -HSD-1, B-hyvdrowy-B-methyibutyrate, p87 (Phizer), Zonisamide (Foncgran™,
indicated as an anti-cpioptic which has been shown to lead to weight loss), and the agents
disclosed in USZ00301 19428 paragraphs 20-26.

Anti-fxabaiic Agenis
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The GCRA peptides desoribed berein can be used in therapeutic comnbination with one or
more anti-diabetic agonts, includmg but not bmiied to; PRARy agonisis such as glitaroncs {e. g,
WAY-120.744, AD 5475, balaglitarone, cightarone, darghitarone (CP-86325, Pfizer},
cuglitazone (CP-6R722, Plizer), tsaglitazone OMIT/AIE D, MOC- 555 (Mitsibishi disclosed in
1IR5594016). ploglitazone {such as such as Actos pioglitazone; Takeda), rosiglitazone
(Avandia Smith Kline Beecham), rosiglitazons maleate, troglitazone {Remudin®, disclosed in
VIR4572912), vivoglitazone (TS-01 1, Sankve), GL-262570 ((Haxe Welcome), BRLASGSS
{disclosed in WOSE/O5331), CLX-0921, S-BTZ0, GW-0207, LG~ 100641, 1IT-301
{(IPNT/P&EUY, L-E93645 (Merck), R-TE9702 (Sankyo/Plizer), NN-2344 (Dr. Reddy/MNN3, Y M-
448 {Yamancouchi), LY-300512, LY-319818, R483 (Roche), T131 {Tularik), and the like and
compounds disclosed i LIBAGKTTT7, LINS0OZ953, USST741503, UKS965584, ULsI50383,
USHISO384, US6166042, US6166043, USG 72090, US62 11205, LIRe271243, 1ISO2UBHGS,
LIS0303640, USS329404, LISS5994554, WOS7/10813, WOST/27857, WO9T/28115,
WORT2RI37, WOST/27847, WG/ 76488, WO03/000685 WOH3/A2711 2, WO03/035602,
WOO3/0481 30, WOD3/055867, and pharmacentically acceptable salts thereof, biguanides such
as metformin hydrochloride (N N-dimethvlimidedicarbontmidic diamide hydrochloride, such as
Glucophage™, Bristol-Myers Squibbl metformin hydrochloride with glyburide, such as
Glucovance™, Bristol-Myeors Squibbl; buformin (Imidedicarbonimidic diamide, N-butyl);
ctotormine (I-Butyl-2-cthyibiguanide, Schoring AL G} other metformin salt forms {including
where the sait is chosen from the group of, acetate, benzoate, citrate, fimaraie, embonste,
chlorophenoxvacetate, ghveolate. palmoate, aspartate, methancsulphonate. maleate,
pargchlprophenoxyisobutvrate, formate, laciate, succinate, suiphate, tartrate,
eyclohexanccarboxylate, hexanoate, octanoate, decancate, hexadecanoate, octodecanoate,
benzenesulphonate, trimethoxybenzoate, paratoluenesulphonate, adamantanscarboxylate,
shveoxvlate, glutarnaie, pyrrolidonecarboxyiate, naphthalenesulphonate, -glucosephosphate,
oitrate, sulphite, dithionate and phosplate}, and phenforming protein tyrosine phosphatase- 1B
{PTP-1B) inhibitors, such as A-401.,674, KR 61639, OC- Gad062, OC-23839, OC-297962,
®MOS2445, MOS24583, 1815 113715, and those disclosed i WODR/SE5521, WORR/SES1E,
SWOGG/SEE2, WOUG/MA1435, WORZ/032916, WOU3/032982, wWOU3/41 7248, WON3/0558835,
WOUZ/26707. WORZ/26743, IP20021 147628, and pharmaceutically acceptablo salts and estors
thereof; sulfooyvluress such as acetobexamide {e.g. Dymelor, ER Lilly), carbutamide,
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chlorpropamide (e.g. DHabinese®, Plizer}, ghamilide (?ﬁzer}, ghiclazide {e.2. Dnamoeron, Servies
Canada Inc), ghmepiride {e.g. disclosed i US43792785, sach as Amaryl |, Aventis), ghipontide,
slipizide {e.g. Ghicotrol or Ghucotrol X Extended Release, Plizer), ghiquidons, glisclamide,
glvburide/glibenclamide (e g Micronase or Glynase Prestab, Pharmacis & Upjohn and Diabeta,
Aventis), tolazarmide {e.g. Tolinase), and tolbitamide {e.g. Crinase}, and pharmacenutically
acceptable salts and esters thereof;, meglitinides such as repaglinide {e.g Pramdin®, Novo
Nordisk}, KADI229 (PF/Hssei), and nateglinide (e g Starlix®, Novartis), and pharmacewtically
acceptable salts and asters thereof; o glucoside hydrolase inhibiiors (or glucoside inhibitors) such
as acarbose (e.z. Precose™ ), Bayer disclosed in 17834904769), mightol {such as GLYSET™,
Pharmacia & Upijohn disclosed m 1IS46392436), cammglibose (Methvl 6~deoxy-6-[{ZR IR 4R 58}
3.4, 5-rthydroxy-2- Chydroxymethyipiperidine J-alpha-D-ghucopyranoside, Marion Merrell
Dow), voglibose (Takeda), adiposine, emiglitate, pradimicin-Q3, salbostatin, CRD-711, MDL-
25637, MIDEL- 73945, and MOR 14, and the compounds disclosed in US4662950, LiS4174439,
US4254256, US4T01559, UUB4639436, UBS192772, UIB4634765, 1I551571 1o, US33044078,
LIS5091418, USS217877, UUS51091 and WO 1/473528 (polyamines}; g-amylase inhibitors such
as tendamistat, trestating and Al -36K¥, and the compounds disclosed in UN4451455,
1IS4623714, and US4273765; SGLT2 inhibtors mcluding those disclosed in US6414126 and
USHS15117; an aP2 inhibitor such as disclosed in 1JS654852%; insulin scorcatagogues such as
tinoglinde, A-4166, forskilin, dibutyrl cAMP | isobutvimcthyixanthine dBMX), and
pharmacguticslly acceptable salts and csters thereof; fatty acwd oxidation mhibitors, such gs
clomoxir, and ctomoxir, and pharmacentically accoptable salts and osters therenf; AT
antagonists, such as midaglizele, isaglidole, derighidole, idazoxan, earoxan, and fluparoxan, and
pharmaceutically accoptable salts and esters thereof, insulin and related compounds {e.g insulin
mimetics} such as biota, LE-100, novaraptd, insulin detemir, insulin Lispro, insulin glargine,
insulin zing suspension {lente and ulirslenie}, Lys-Pro insylin, GLP- (1-36) amide, GLP-1{73-7}
nsulidropin, disclosed in USS614482), LY-315902 (Liily)y, GLP-F {7-303-MH2), AL-401

{ Autaimmunc}, ceriain compositions as disclosed in US4579730, US4R49405, US4863526,
USS642868, USST762256, UJSAE24638, USAE435866, US6153637, UIS6191145, and WO
A5/05029, and privoate, rodent, or rabbit rosulin inchuding hiologically active variants thereo!
meluding allelic variants, more preferably human insolin svaiable in recombinant formo {sources

of buman msulin include pharmaceoutically accepiable and sicnile formulations such as those
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available from BH Lilly {Indiavapolis, Ind. 46285) as Hanwlin  (huran josalin rDNA origin),
also sco the THE PHYSICIAN'S DESE REFERENCE, 535 sup.th Bd, 2061} Medicsl
Eoonomies, Thomson Healtheare (disclosing other suitable buman msubing): non-
thiazolidinediones such as JT-301 and farglitazay (GW-2570/GI- 262579}, and pharmacentically
aceeptable salls and osters thereot, PPARw/y dusl agonists such as AR-HO39242 {Aztrazeneca),
GW-409544 (Haxo-Wellcome), BVT-142, CLX-0940, GW-1336, GW-1929, GW-2433 BRP-
297 (Kyorin Merck;, 5-{(2,4-Doxo thiazolidinymethyll methoxy-N-[[4-
{triflporomethyvlphenyl] methvlibeneamide), L-796449, LR-80, ME-0767
{Merck/Kyoris/Banyu), 5B 219994, praglitazar (BMB), tesaghitear { Astrareneca}, reglitarar
{ITT-5381 and those disclosed in WOI9/16758, WOBH/I9313, WOHSQ/206 14, WO99/38854,
WOHNE 23415, WOHRY2341 7, WOOG/23445, WO/ 50414, wO01/00578, WO01/73150,
WOG2/062799, WOG3/004458, WOIR/O16265, WONR/O G0, WOOZ/A3348 1, WO03/433450,
WOOR/033453, WOD3/043985, WO G31053976, U5, application Ser. MNo. 09/664,598, fifed Sep.
18, 2000, Murakami ¢t al. Dvabotes 47, 1841-1847 {1998), and pharmaceutically acceoptable salts
and esters thereof, other tnsulin sensitizing drugs; VPACE receptor agonists; GLK modulators,
such as those disclosed in WO03/01 58774, retinoid modulators such as those disclosed in
WOOR/000249, GSE 35/GSK 3 inhibitors such as 4-[2-(2-bromophenyiy-4-{4-flucrophenyl-1H-
imidazol-3- ylipvridine and those componnds disclosed in WO03/024447, WOO3/03TEGS,
WONRA3TRT77, WOOI/03T7891, WOOS/06R773, BERI1295884 ) EP1295885, and the Like; glveogen
phosphorviase {HGLPa) inhibitors such as CP-36€,296, CP-316,81%, BAYR3401, and
compounds disclosed in WOO 124300, WOO2/20530, WO03/037804, and pharmaceutically
acceptable salts or esters thereof, ATP consumption promators such as those disclosed in
SWONZ/G0T7990; TRAS inhibitors; vanilioid receptor ligands such as those disclosed in
WO03/049702; hypoglycemic agents such as those disclosed tn WO03/015781 and
WON3/0401 14 glveoygen synthase kinase 3 inhibitors such as those disclosed in WO03/(356463
apeide such as those disclosed e WOOB/A12258, USZO0301 34890, WO01/24786, and

WOO3/057827, and the Tike; adenosine A2 am'agﬁraists such as those disclosed m WOG3/03 5639,
WONEA55640, and the ke, PPARG agovists such as GW 3813516, GW 3940735, and compounds
disclosed in JPLO237049 and WOOX/ 14291 dipeptidy] peptidase TV {DP-1V) inhubitors, such as
isoloucing thiazohidide, NVP-DPPT2RA (1- [ 2-[{S-cvanopyridin-2-
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yl)amino}eﬂl},f3}3}311’110}aua’.tyl}2~:;:yano—( Spyrrolidine, disclosed by Hughes et al, Biochemistry,
38{36Y, 1159711603, 194y P32/AR, NVP-LAF-237, PA29E, TSL225 (tryptophyl-1,2,3 4~
tetrabrvdro-isoquinoling-3-carboxylic acid, disclosed by Yamada et al, Bioorg. & Med. Chem.
Lewt, B {1998) 1537-1340), valine pyrrohidide, TMC-2A/28/2C, CD- 26 inhibitors, PESS5011,
PO3IO/K 364, VIR 0177, BPP4, SDZ 274-444 ) 2-cvanopyrrohdides and 4-cvanopyrrolidides as
disclosed by Ashworth et al, Bioorg. & Med. Chem. Lett, Vol. 6, Mo, 22, pp 1163-1166 and
27453-2748 {1996} ,and the compounds disclosed in USE3933767, USHST32R7, USE3957467
{vompounds disclosed mnchude BMS-4771TR, BM3-471211 and BMS 338 305), WO99/38501,
WOSHAGZT2, WOYS/GT2TS, WORG/ET2TE, WRY/6 1431 W0O03/004498, WO03/004496,
EPI258476, WOOZ/GKR2E, WONZAG2T764, WHG/B00250, WOO3/062530, WO03/002531,
WOHB/002553, WOUZ/HIZS93, WOGI/O001 80, and WOUR/0001KE, GLP- agonists such as
exendin-3 and exendin-4 (including the 39 aa polvpeptide synthetic exendin-4 called
Excnatide®}, and compounds disclosed in USZO03087821 and WNZ 5304256, and
pharmaccutically acceptable salts and esters thereot: peptides including amdintide and Svimlin®
{pramlintide acctatel; and glveokinase activators such as those disclosed in US2002103199
(fused heteroaromatic compounds) and WO2/48106 {iscindolin-1-one-substituted propionamide

compounds).

Phesphodiesterase inhibitors

The GURA peoptides described herein can be used in combination therapy with a
phosphodiesterase inhubitor. PDE inhibitors are those compounds which slow the degradation of
cyolic AMP {cAMP} and/or cvelic GMP (eGMP) by inhibition of the phosphodiesterases, which
can lead to a relative ingrease in the intracellnlar concentration of ¢ AME and/or cGMP.
Possible PDE inhibitors are privsarily those substances which are to be numbered among the
class consisting of the PDES inhibitors, the class consisting of the FIE4 inhibitors und/or the
clags consisting of the PIDES inhibitors, io particular those substances which can be designated as
mixed types of PDEI inhibitors or as mixed types of PREZ/AS inhihitors. By way of example,
those PRIE inhibitors may be mentioned such as are deseribed and/or elaimed in the following
patent applications and patents: DE1470341, DEZI08438, DEII3328, DE230533
DE230357S5, DEIZIER0], DE240290E, DEZ4I3935, DE2AS 1417, DE2438098, DEL646469,
DE2727481, DE2S23048, DEIRATI6, DEZSAS220, DE284762T, DE2934747, DE3(21792,
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DE3G38166, DE3N445a6R, EPOOOGTIE, BEPOG0R40GR, EPOGIOTE0, BPOGST4E, ERPOOTS543¢,
EPO0S6STT, EPOL 2987, EPO 16948, EPGTS0937, BPUISE3E0, EPOIRT632, EPOI6IRIE,
FPOI6TI21, ERGISSI27, BEPO220044, BEPO247725, BEPO258191, FPI2T729140, EPO272914,
EP0294047, EPO300726, EPO335386, EPO337788, EPO3EI282, EFD406958, EPO426180,
EPO428302, EPO4358TT, BEPO470805, BEPO4R2Z20R, HRO4G0K23, BEPIS06194, EPOSTIRGS,
EPOS27117, EPO626939, EPN6642RS, EPOSTI3E9, BEPU6E3474, ERFDGR3475, EPO6E3479,
JPGR2234389, IP94329652, JPSA01087S, U.S, Pat. Nos, 4,903,561, 5,141,931, WOS117991,
WOG200968, WOO2I2961, W80T 46, WO9215044, WIHB315045, WO9318024.
WOS3TO06R, WORITeT720, WO9319747, WOB319749, WOS319751, WOR325517,
WOS402465 WOS406423, WOS412461, WO420455, WIS422852, W(39425427,
WO4ZT947, WORS00516, WORSHI98Y, WHISGE 794, WOUSHAES, WIS34046,
WORSG5386, WOSSHEE34, WOBS0062 3, WORAN9624, WIIOSH9627, WS (9834,
WO9STA66T, WSS 14680, WO9S14681, WO0S17382, WOS517399, Wi9518362,
WORS22520, WOOSZ438], WOBs27692, WODS2E92s, WI9S352RY, WOUS35282,
WOIGGH2IE, WOSGOIR2S, WO9(2541, WOS611917, DEI142982, BEL 116676, DE2162096,
EPO2930063, EPO403756, EPO4R2ZOK, EP0O379496, EPOAGTI45 1186331 543 LIR20050004222
{including these disclosed in formutas 12X and paragraphs 37-39, 850345 and 3537-377} and
WORSGT124, EPOIA3GES, EPO393500, EPG5105a2, BPDSA3174, WO9501 338 and WOMG3399.
PDES inhibitors which may be mentioned by way of cxample are R¥-RA-68, SUH-31866, K-
734, vesnarinone, Zaprinast, SKE-96231, ER-Z1355, BF/GP-385, NM-78Z and stldenafil
{Viasgra®y, PDE4 inhubitors which may be mentioned by way of cxample are RO-20-1724,
REM 1414 (R1333/R1500; Pharmacia Rochel, DENBUFYLLINE, ROLIPRAM,
OXAGRELATE, NITRAQUAZONE, Y-590, DH-6471, SKF-941 20, MOTAPIZONE,
LIXAZINONE, INDOLIDAN, CLPRINONE, ATIZORAM, KS-506-G, DIPAMEPYELLINE,
BMY-43351, ATIZORAM, ARCEYLLINE, FILAMINAST, PDB-003, UCB-20640, CDP-8440,
SEF- 107806, PICLAMILAST, RE- 175397, RE-253344-000, 8B-20745%, TIRENELAST, SB-
210067, SB-211572, SB-2HE600, SB-212066, SB-212179, GW-3600, CDP-840, MOPIDAMOL,
ANAGRELIDE, IBUDILAST, AMRINGONE, PIMOBENDAN, CILOSTAZOL, QUAZINONE
and M-{3,5-dichloropyrid-4-vi-3-cvelopropyimethoxyd-dittuoromethoxybenzamide, PLDES
nhibitors swwhich may be mentioned by way of example are SULMAZCLE, AMPIZONE,
CILOSTAMIDE, CARBAFERAN, PIROXIMONE, IMAZODAN, CI-330, SICGUAZGDAN,
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ADIBENDAN, SATERINONE, 3KF-95654, SDZ-MKS-492, 340-11-85, EMORADAN, EMD-
53998, EMID-374033, NSP-306, NSP-307, REVIZINONE, NM-702, WIN-62387 and WIN-

63291, ENOXNIMONE and MILRINONE. PDES/4 inhibitors which may be mentioned by way of

example are BENAFENTRING, TREQUINSIM, ORG-30029, ZARDAVERINE, L-686398,

SDE-IS-844, ORG-20241, EMD-54622, and TOLAFENTRINE. Other PDE inhibitors include:

ctlomilast, pentoxifviline, refhunilast, tadalafii{Cialis®), theophyiline, and vardenafil{Levitra®},

zaprivast (PDES specific).

Anii- Urerine Contractions Ageats

The GURA peptides deseribed heren can be used o combination therapy (for example,
i srder o decrease or inhibit uterine contractions) with a tocolytic agent including but not
iimited to beta-adrencrgic agents, magnesium sulfate, prostaglandin inhibitors, and calcium

channe! biockers.

Anti- Neoplastic Agents
The GURA peptides deseribed herein can be used in combination therapy with an

antincoplastic agents including but not limited to alkylating agents, epipodophyliotoxins,

el

nitrosonreas, antimetabelites, vinca alkaloids, anthracyeline antibintics, nitrogen mvatard agents,

and the hike. Particular anti-nooplastic agents may include tamoxifen, taxol, ctoposide and 5-
flusrouracil
The GCRA peptides described herein con be gsed in combination therapy {for example

as in a chemotherapeutic composition) with gn antiviral and monocional antibody therapics.,

Agenis 1o trear Congestive Heart Failurs

The GCRA peptides described herein can be used in combination therapy {for example,
in prevention/iroatment of gongestive heart fatlure or another method desoribed herein) with the
partial agonist of the nociceptin receptor ORLY deseribed by Doaley et al. {The Journal of
Pharmacology and Experimental Therapeutics, 283 (23 735-741, 1997}, The agonistis a
hexapeptide having the aminoe acid sequence Ac- RYY (RKY (W (RKG-NH2 {"the Dooley
potyvpeptide™), where the lyackers show allowabls variation of amine acid resudue. Thus Dooley
polvpeptide can inclode but are not hmited to KYYRWER, RYYRWR, KWRYYR, RYYRWK,
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RYYRWK (ali-D3 amin acids}, RYYRIK, RYYRIE, RYYKIF, RYYKIR, RYYKWE,
RYYREWK, RYYRWR, RYYRWE, RYYRIC RYYRKWER, RYYRKWE, RYYRWEK and
KYYRWE, wheremn the amine acid residoes are in the L-form unless otherwise specified. The
GURA peptides desceribed herein can alse be used in combination therapy with polypeptide

conjugate modifications of the Dooley polvpeptide described in WODISR324,

DOSAGE

Dosage levels of active ingredients in a pharmaceutical composition can also be varied so as
to achieve a transient or sustained concentration of the compound in a subject, especially in and
around the site of inflammation or disease area, and to result in the desired response. It is well
within the skill of the art to start doses of the compound at levels lower than required to achieve
the desired effect and to gradually increase the dosage until the desired effect is achieved. It will
be understood that the specific dose level for any particular subject will depend on a variety of
factors, including body weight, general health, diet, natural history of disease, route and
scheduling of administration, combination with onc or morc other drugs, and scverity of discasc.

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

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

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

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

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

above.

EXAMPLES

EXAMPLE 1: SYNTHESIS AND PURIFICATION OF GCRA PEPTIDES

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

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

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

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

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

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

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

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

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

Each product was then purified by RP-HPLC using a combination buffer system of
TEAP in H20 versus MeCN, followed by TFA in H2O versus MeCN. Highly pure fractions
were combined and lyophilized. The final product was converted to an Acetate salt using either
ion exchange with Acetate loaded Dow-Ex resin or using RP-HPLC using a base-wash step with
NH4OAc followed by 1% AcOH in water versus MeCN.

It is also possible to prepare enterotoxin analogs using a random oxidation methodology
using Cys(1'rt) in Fmoc or Cys(MeB) in Boc. Following cleavage, the disulfide bonds can be
formed using disulfide interchange redox pairs such as glutathione (red/ox) and/or
cysteine/cystine. This process will yield a folded product that the disulfide pairs must be

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

Boc-Bzl Process

Peptide synthesis is initiated on a Merrifield or Pam pre-loaded resin or with mBHA for
peptides produced as C-terminal amides. Each synthetic cycle consists of a deprotection step
with 50% TFA in MeCL2. The resin is washed repetitively with MeCl2 and MeOH. The TFA
salt formed 1s neutralized with a base wash of 10% TEA in MeCI2. The resin is washed with
MeCl2 and MeOH and lastly with DMF prior to coupling steps. A colorimetric test is conducted
to ensure deprotection. Each coupling is mediated with diisopropyl carbodiimide with HOBT to
form the active ester. Each coupling is allowed to continue for 2 hr at RT or overnight on
difficult couplings. Recouplings are conducted with cither Uronium or Phosphonium reagents
until a negative colorimetric test is obtained for free primary amines. The resin is then washed
with DMF, MeCl2 and MeOH and prepared for the next solid-phase step. Cys protection utilizes
Cys(Acm) at positions 7 and 15, and Cys(MeB) at Cys 4 and Cys12.

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

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

EXAMPLE 2: IN VITRO PROTEOLYTIC STABILITY USING SIMULATED GASTRIC FLUID
(SGF) DIGESTION

The stability of the GRCA peptide according to the invention is determined in the
presence of simulated gastric fluid (SGF) . GRCA peptide (final concentration of §.5 mg/ml) is
incubated in SGF (Proteose peptone (8.3 g/liter; Difco), D-Glucose (3.5 g/liter; Sigma), NaCl
(2.05 g/liter; Sigma), KH ;P04 (0.6 g/liter; Sigma), CaCl; (0.11 g/liter), KCI (0.37 g/liter;
Sigma), Porcine bile (final 1 X concentration 0.05 g/liter; Sigma) in PBS, Lysozyme (final 1 X
concentration 0.10 g/liter; Sigma) in PBS, Pepsin (final 1 X concentration 0.0133 g/liter; Sigma)
in PBS). SGF is made on the day of the experiment and the pH is adjusted to 2.0 = 0.1 using
HCI or NaOH as necessary. After the pH adjustment, SGF is sterilized filtered with 0.22 pm
membrane filters. SP-304 (final concentration of 8.5 mg/ml) is incubated in SGF at 37°C for 0,
15, 30, 45, 60 and 120 min in triplicate aliquots. Following incubations, samples are snap frozen

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

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

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

duplicate. F

The integrity of GRCA peptide is evaluated by HPLC by essentially using the method
described for SGF digestion.
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ExXAMPLE 4: CycLIC GMP STIMULATION ASSAYS

The ability of the GCRA peptide to bind to and activate the intestinal GC-C receptor is
tested by usingT 84 human colon carcinoma cell line. Human T84 colon carcinoma cells are
obtained from the American Type Culture Collection. Cells are grown in a 1:1 mixture of Ham's
F-12 medium and Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum, 100 U penicillin/ml, and 100 pug/ml streptomycin. The cells are fed fresh medium
every third day and split at a confluence of approximately §0%.

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

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

EXAMPLE 5: PEGGYLATED PEPTIDES

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

described above.

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

Regulation of intracellular concentrations of cyclic nucleotides (i.e., cAMP and ¢cGMP)
and thus, signaling via these second messengers, is generally considered to be governed by their
ratcs of production versus their rates of destruction within cells. Thus, levels of ¢cGMP in tissucs

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

phosphodiesterases (cGMP-PDE), which are generally overexpressed in cancer and
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inflammatory diseases. Therefore, a combination consisting of an agonist of GC-C with an
inhibitor of cGMP-PDE might producc syncrgistic cffcct on levels of cGMP in the targct tissucs

and organs.

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

synergistic effect on intracellular accumulation of cGMP

EXAMPLE 7: AN ORAI RANGE-FINDING TOXICITY STUDY IN CYNOMOILGUS MONKEYS.

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

different dose levels.

Experimental Design

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

indicated in the tables below:

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

Monkey colony and assigned to four dose groups as follows:

Group | Group Study | Dose Dose Dose Number of
Number | Designation Days | Level Concentration | Volume | Animals
(mg/kg) | (mg/mL) (mL/kg) | (Females)
] 1 0 0 10

1 Control/Vehicle 7} 2

1 1 0.1 10
2 Test Peptides 4 2

4

74

3537



10

15

20

WO 2009/149279 PCT/US2009/046288

Following completion of the Phase 1 dosing, all monkeys will be observed for 33 days.

Upon complction of the obscrvation period, all monkeys will be transferred back to the ITR
Spare Monkey Colony.
Phase 2:

The same cight non-naive female cynomolgus monkeys as previously used in Phase 1

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

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

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

minimum of 7 days.

Route of Administration

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

therapeutic route.

Preparation of Test and Control /Vehicle Articles

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

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

Analvsis of Test Article Concentration and Stability in the Dose Formulations

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

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

Dcpartment as soon as possiblc after complction of dosing.

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

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

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

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

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

procedures.

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

prior to sampling.

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

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

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

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

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

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

Test System

Species/Strain:
Source:

Total No. of monkeys on study:

Body Weight Range:
Agc Rangc at Start:
Acclimation Pcriod:

Cynomolgus Monkey (Macaca Fasicularis)
orldwide Primates Inc.,

P.O. Box 971279

Miami, Florida, 33187, USA

and

Covance Research Products Inc.

P.O. Box 549

Alice, Texas, 78333, USA

8 non-naive females

2-4 kg at onset of treatment

Young adult at onsct of trcatment

The animals will be transferred from ITR’s sparc
monkey colony. They are therefore, considered to
be fully acclimated to the laboratory environment.
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The actual age and body weight ranges will be noted in the final report.

Administration of the Test and Control/Vehicle Articles

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

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

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

in an ice water bath.

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

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

Clinical Observations

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

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

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

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

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

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

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

animal transfer and once weekly thereafter.

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

to administration of thcrapcutic drugs.

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

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

through to the end of the study.

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

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

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

given in order to calculate the number of cookies eaten.

EXAMPLE 8: SUCKLING MOUSE MODEL OF INTESTINAL SECRETION (SUMI ASSAY)
The GCRA peptides described herein can be tested for their ability to increase intestinal

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

Phenylbenzoquinone-induced writhing model

78

3541



10

15

20

25

30

WO 2009/149279 PCT/US2009/046288

The PBQ-induced writhing model can be used to assess pain control activity of the
GCRA peptide described herein. This model 1s described by Sicgmund ct al. (1957 Proc. Soc.
Exp. Bio. Med. 95:729-731). Briefly, one hour after oral dosing with a test compound, e.g., a
GCRA peptide, morphine or vehicle, 0.02% phenylbenzoquinone (PBQ) solution (12.5 mL/kg)
is injected by intraperitoneal route into the mouse. The number of stretches and writhings are
recorded from the 5™ to the 10™ minute after PBQ injection, and can also be counted between the
35™ and 40™ minute and between the 60™ and 65™ minute to provide a kinetic assessment. The
results are expressed as the number of stretches and writhings (mean = SEM) and the percentage
of variation of the nociceptive threshold calculated from the mean value of the vehicle-treated
group. The statistical significance of any differences between the treated groups and the control
group 1s determined by a Dunnett's test using the residual variance after a one-way analysis of

variance (P< 0.05) using SigmaStat Software.

EXAMPLE 9 : PHARMACOKINETIC PROPERTY DETERMINATION OF GCRA PEPTIDES

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

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

properties including area under the curve and bioavailabilty are determined.

EXAMPLE 10: DIURESIS RELATED EXPERIMENTS EFFECT ON DIURESIS AND NATRIURESIS

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

excretion are determined for each collection interval. Blood pressure is monitored continuously.
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For each dose a dose-response relationship for urine volume, sodium and potassium excretion
can bc determined. Plasma concentration of the polypeptide/GC-agonist is also determined

before and after iv infusion.

Mouse or Primate Diuresis Experiment: Once an appropriate level of anesthesia has been
achieved, a sterile polyurethane catheter is inserted into the urethra and secured using 1 - 2 drops
of veterinary bond adhesive applied to urethra/catheter junction. Animals are then dosed with
either vehicle or test article via the intravenous or intraperitoneal route. Animals are allowed to
regain consciousness, and the volume of urine excreted over a 1-5 hour duration is recorded

pcriodically for cach rat.
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We claim:

1. A peptide consisting essentially of the amino acid sequence of any one of SEQ ID
NO:2-4.

2. A pharmaceutical composition in unit dose comprising a guanylate cyclase

receptor agonist peptide having the sequence of any one of NO:2-4 present in a therapeutically
effective amount and a pharmacetical carrier, excipient or diluent.

3. The pharmaceutical composition of claim 2, wherein the unit dose form is
scleeted from the group consisting of a tablct, a capsule, a solution or inhalation formulation.

4. A method for preventing or treating a condition selected from the group
consisting of Ulcerative Colitis, Irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC),
non-ulcer dyspepsia chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-
obstruction, duodenogastric reflux, constipation associated with use of opiate pain killers,
gastroesophageal reflux disease (GERD), post surgical constipation, gastroparesis, constipation
associated with neuropathic disorders, heartburn, poor gastrointestinal motility , congestive heart
failure, hypertension, benign prostatic hyperplasia (BPH), colon cancer, lung cancer, bladder
cancer, liver cancer, salivary gland cancer or skin cancer, bronchitis, tissue inflammation, organ
inflammation, respiratory inflammation, asthma, COPD comprising administering toa patient in
need thereof, an effective dosage of a guanylate cyclase receptor agonist having the sequence of
any one of NO:2-8.

5. A method of claim 4, further comprising administering an effective dose of
inhibitor of a cGMP-specific phosphodiesterase.

6. The method of claim 5, further comprising administering to said patient an
effective dose of an inhibitor of cGMP-dependent phosphodiesterase either concurrently or
sequentially with said guanylate cyclase receptor agonist.

7. The method of claim 5, wherein said cGMP-dependent phosphodicsterase
inhibitor is selected from the group consisting of suldinac sulfone, zaprinast, and motapizone,
vardenifil, and suldenifil.

8. The method of claim 4, futher comprising administering an effective does of at
least one anti-inflammatory agent.

9. The method of claim &, wherein an anti-inflammatory agent is a steroid or

nonsteroid anti-inflammatory drug (NISAIDS).
&4
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10 The use of any one of the peptides having the sequence of any one of SEQ ID
NO:2-8 in thc manufacturc of a medicament for the trcatment of a human discasc.

11. A method of increasing cGMP production in a cell comprising contacting said cell
with a peptide selected from the group consisting of the amino acid sequence of SEQ ID NO:2-4.

12. The method of claim 11, further comprising contacting said cell with a
phosphodiesterase inhibitor.

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

vardenifil, and suldenifil.
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AGONISTS OF GUANYLATE CYCLASE USEFUL FOR THE
TREATMENT OF GASTROINTESTINAL DISORDERS,
INFLAMMATION, CANCER AND OTHER DISORDERS

RELATED APPLICATIONS

This application claims the benefit of U.S.S.N. 61/058,892 filed July 16, 2008 the

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

The present invention relates to the therapeutic use of guanylate cyclase C (GC-C)
agonists as a mcans for cnhancing the intraccllular production of cGMP. The agonists may bc
used either alone or in combination with inhibitors of cGMP-specific phosphodiesterase to
prevent or treat inflammation, cancer and other disorders, particularly of the gastrointestinal tract

and the lung.

BACKGROUND OF THE INVENTION

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

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

senescence, and eventual loss of GI cells in the lumen (7, 8). The GI mucosa can be divided into
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three distinct zones based on the proliferation index of epithelial cells. One of these zones, the
prolifcrativc zone, consists of undiffcrentiated stem cells responsible for providing a constant
source of new cells. The stem cells migrate upward toward the lumen to which they are
extruded. As they migrate, the cells lose their capacity to divide and become differentiated for
carrying out specialized functions of the GI mucosa (9). Renewal of GI mucosa is very rapid
with complete turnover occurring within a 24-48 hour period (9). During this process mutated
and unwanted cells are replenished with new cells. Hence, homeostasis of the GI mucosa is
regulated by continual maintenance of the balance between proliferation and apoptotic rates (8).

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

In addition to a role for uroguanylin and guanylin as modulators of intestinal fluid and
ion secretion, these peptides may also be involved in the continual renewal of GI mucosa by
maintaining the balance between proliferation and apoptosis in cells lining GI mucosa.
Therefore, any disruption in this renewal process, due to reduced production of uroguanylin
and/or guanylin can lead to GI inflammation and cancer (25, 26). This is consistent with
previously published data in WO 01/25266, which suggest a peptide with the active domain of
uroguanylin may function as an inhibitor of polyp development in the colon and may constitute a
trcatment of colon cancer. Howcever, recent data also suggest that uroguanylin also binds to a
currently unknown receptor, which is distinct from GC-C receptor (3,4). Knockout mice lacking
this guanylate cyclase receptor show resistance to ST peptides in the intestine, but effects of
uroguanylin and ST peptides are not disturbed in the kidney irn vivo (3). These results were
further supported by the fact that membrane depolarization induced by guanylin was blocked by
genistein, a tyrosine kinase inhibitor, whereas hyperpolarization induced by uroguanylin was not
effected (12, 13). Thus, it is not clear if the anti-colon cancer and anti-inflammatory activities of
uroguanylin and its analogs are mediated through binding to one or both of these receptors.

2
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Inflammatory bowel discase is a gencral name given to a group of disorders that cause
intestines to become inflamed, characterized by red and swollen tissuc. Gastrointestinal (Gl)
inflammation can be a chronic condition and often leads to GI cancer (14). Examples of such
inflammatory bowel diseases (IBD) include Crohn's disease and ulcerative colitis (UC). Itis
estimated that as many as 1,000,000 Americans are afflicted with IBD, with male and female
patients appearing to be equally affected. Most cases are diagnosed before age 30, but the
disease can occur in the sixth, seventh, and later decades of life.

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

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

The high proliferative index in GI epithelial cells in IBD patients might also be linked
with higher incidence of colon cancer in IBD patients. Thus, GC-C agonist might also be useful
to dclay the onsct of IBD into development of colon cancer. The combination of GC-C agonists
with PDE inhibitors might be particularly more useful in treatment of IBD and colon cancer.

Necrotizing enterocolitis (NEC) is a devastating inflammatory condition of the
gastrointestinal tract that afflicts 10% of premature infants born weighing less than 1500 grams.
Despite modern medical advances, the etiology remains ¢lusive, and morbidity and mortality is
unacceptably high, with as many as 10-30% of affected infants succumbing to the disease.
Although the pathophysiology is incompletely understood, it is known that prematurity, formula

feeding, intestinal ischemia, and bacterial colonization are important risk factors. It has been
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suggested that these risk factors initiate the activation of the pro-inflammatory response that
ultimately Icads to bowel nccrosis, and in some cascs multi-organ dysfunction syndrome, and
death. Multiple inflammatory mediators have been identified that might contribute to this final
common pathway. Several of the pro- and anti-inflammatory molecules have been studied in
detail in animal models, in humans, and in vitro, including IL-6, 1L-8, and IL-10 as well as nitric
oxide, oxygen free radicals, and numerous others. Previously, we reported that SP-304
ameliorates GI inflammation in experimental models of murine colitis, possibly through
downregulation of pro-inflammatory cytokines such as I1L-4, IL-5, IL-17, IL-23 and TNF-a.
(Shailubhai et al, 2007 and 2008). Therefore, GC-C agonists such as uroguanylin, guanylin,
E.coli enterotoxin ST peptides and their analogs might be used to prevent, control and treat NEC.
GC-C agonists may be given cither in drinking water or in mother’s milk to treat NEC in
newborne babies.

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

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

Irritable bowel syndrome (IBS) and chronic idiopathic constipation are pathological
conditions that can cause a great deal of intestinal discomfort and distress but unlike the IBD
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diseases such as ulcerative colitis and Crohn's disease, IBS does not cause the serious
inflammation or changcs in bowecl tissuc and it is not thought to incrcasc the risk of colorcctal
cancer. In the past, inflammatory bowel disease (IBD), celiac discase and irritable bowel
syndrome (IBS) were regarded as completely separate disorders. Now, with the description of
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 development of 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 increased intestinal
permeability and low-grade inflammation, as well as altered motility and visceral sensitivity
(27). Serotonin (5-hydroxytryptamine [5-HT]) is a key modulator of gut function and is known
to play a major role in pathophysiology of 1BS. It has been shown that the activity of 5-HT is
regulated by ¢cGMP (28). Therefore, based on this observation as well as other effects of cGMP,
we believe that GC-C agonists will be useful in the treatment of IBS.

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

SUMMARY OF THE INVENTION

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

The peptides of the invention may be used to treat any condition that responds to
enhanced intracellular levels of cGMP. Intracellular levels of cGMP can be increased by
enhancing intracellular production of cGMP and/or by inhibition of its degradation by cGMP-
specific phosphodiesterases. Among the specific conditions that can be treated or prevented are
gastrointestinal disorders, inflammatory disorders, lung disorders, cancer, cardiac disorders, cye

disordcrs, oral disorders, blood disorders, liver disorders, skin disorders, prostate disorders,
5
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endocrine disorders, increasing gastrointestinal motility and obesity. Gastointestinal disorders
include for cxamplc, irritable bowcl syndrome (1BS), non-ulcer dyspepsia, chronic intcstinal
pseudo-obstruction, functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux,
gastroesophageal reflux disease (GERD), ileus inflammation (e.g., post-operative ileus),
gastroparesis, heartburn (high acidity in the GI tract), constipation (e.g., constipation associated
with use of medications such as opioids, osteoarthritis drugs , osteoporosis drugs; post surigical
constipation, constipation associated with neuropathic disorders. Inflammatory disorders include
tissue and organ 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). Lung Disorders include for example chronic
obstructive pulmonary discase (COPD), and fibrosis. Cancer includes tissuc and organ
carcinogenesis including metatases such as for example gastrointestinal cancer, ( e.g., gastric
cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal cancer,
liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer (e.g.,
melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood cancer
(e.g. myeloma or leukemia) or prostate cancer. Cardiac disorders include for example,
congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglycerides.
Liver disorders include for example cirrhosis and fibrosis. 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), Sjogren's syndrome, gum discases (e.g.,
periodontal discasc), or salivary gland duct blockage or malfunction. Prostatc disorders include
for example benign prostatic hyperplasia (BPH). Endocrine disorders include for example
diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

In one aspect, the present invention is directed to a peptide consisting essentially of the
amino acid sequences of represented by Formulas I-IIT and those listed on Tables 1-IV (i.e., SEQ
ID NOs: 1-138) and to therapeutic compositions which contain these peptides. The term
"consisting essentially of” includes peptides that are identical to a recited sequence identification
number and other sequences that do not differ substantially in terms of either structure or

6
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function. For the purpose of the present application, a peptide differs substantially if its structure
varics by morc than three amino acids from a peptide of Formulas [-111 and thosc listcd on Tablcs
I-IVor if its activation of cellular cGMP production is reduced by more than 50% compared to a
control peptide such as uroguanylin, guanylin and lymphoguanylin. Preferably, substantially
similar peptides should differ by no more than two amino acids and not differ by more than
about 25% with respect to activating cGMP production. The instant peptide sequences comprise
at least 12 amino acid residues, preferably between 12 and 26 amino acids in length.

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

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

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

Other features and advantages of the invention will be apparent from and are
encompassed by the following detailed description and claims.

DETAILED DESCRIPTION

The present invention is based upon the development of agonists of guanylate cyclase-C
(GC-C). The agonists are analogs of uroguanylin, guanylin, lymphoguanylin and ST peptided
and have superior properties such as for example high resistance to degradation at the N-

terminus and C-terminus from carboxypeptidases and/or by other proteolytic enzymes such as
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those present in the stimulated human intestinal fluid (SIF)and simulated human gastric fluid
(SGF).

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

The gualylate cyclase-C agonists according to the invention include amino acid
sequences represented by Formulas 1, 11, and 111 as well as those amino acid sequence
summarized below in Tables 1, LI, 11l and IV. The gualylate cyclase-C agonists according to the

invention are collectively refered to herein as “GCRA peptides™.
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The GCRA peptides described herein bind the guanylate cyclase C (GC-C) and stimulate
intracellular production of cyclic guanosine monophosphate (cGMP). Optionally, the GCRA
peptides inducc apoptosis. In some aspects, the GCRA peptides stimulate intraccllular cGMP
production at higher levels than naturally occurring GC-C agonists (e.g., uroguanylin, guanylin,
lymphoguanylin and ST peptides) and/or SP-304.

The amino acid sequence of uroguanylin is: Asn-Asp-Asp-Cys-Glu-Leu-Cys-Val-Asn-
Val-Ala-Cys-Thr-Gly-Cys-Leu. (SEQ ID NO:139)

The amino acid sequence of guanylin is: Ser-His-Thr-Cys-Glu-Ile-Cys-Ala-Phe-Ala-Ala-
Cys-Ala-Gly-Cys. (SEQ ID NO:140)

The amino acid sequence of lymphoguanylin is: Gln-Glu-Glu-Cys-Glu-Leu-Cys-1le-Asn-
Met-Ala-Cys-Thr-Gly-Tyr. (SEQ ID NO:141)

The amino acid sequence of E. coli ST peptide is: Asn- Ser-Ser-Asn-Ser-Ser-Asn-Tyr-
Cys-Cys-Glu-Lys-Cys-Cys-Asn-Pro-Ala-Cys-Thr-Gly-Cys-Tyr. (SEQ ID NO:142)

The amino acid sequence of SP-304 is: Asn-Asp-Glu-Cys-Glu-Leu-Cys-Val-Asn-Val-
Ala-Cys12-Thr-Lys-Cys-Leu (SEQ ID NO:143)

For example, the GCRA peptides of the invention stimulate 5, 10%, 20%, 30%, 40%,
50% , 75%, 90% or more intracellular cGMP compared to naturally occurring GC-C angonists
and/or SP-304. The terms induced and stimulated are used interchangeably throughout the
specification. The GCRA peptides described herein are more stable than naturally occurring GC-
C agonists and/or SP-304. By more stable it is meant that the peptide degrade less and/or more
slowly in simulated gastrointestinal fluid and/or simulatd intestinal fluid compared to naturally
occurring GC-C angonists and/or SP-304. For example, the GCRA peptide of the invention
degrade 2%, 3%, 5%, 10%, 15%, 20%, 30%, 40%, 50% , 75%, 90% or less compared to
naturally occurring GC-C angonists and/or SP-304.

The GCRA peptides described herein have therapeutic value in the treatment of a wide
variety of disorders and conditions including for example gastrointestinal disorders,
inflammatory disorders, lung disorders, cancer, cardiac disorders, eye disorders, oral disorders,
blood disorders, liver disorders, skin disorders, prostate disorders, endocrine disorders,
increasing gastrointestinal motility and obesity.Gastointestinal disorders include for example,

irritable bowel syndrome (IBS), non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,
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functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroesophageal reflux
discasc (GERD)ilcus (e.g., post-operative ilcus), gastroparcsis, hcartburn (high acidity in the GI
tract), constipation (e.g., constipation associated with use of medications such as opioids,
osteoarthritis drugs , osteoporosis drugs; post surigical constipation, constipation associated with
neuropathic disorders. Inflammatory disorders include tissue and organ inflammation such as
kidney inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s discase
and ulcerative colitis); necrotizing enterocolitis; pancreatic inflammation (e.g., pancreatis), lung
inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung
Disorders include for example chronic obstructive pulmonary disease (COPD), and fibrosis.
Cancer includes tissue and organ carcinogenesis including metatases such as for example
gastrointestinal cancer, ( e.g., gastric cancer, esophageal cancer, pancreatic cancer colorectal
cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer; lung
cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g.
bladder cancer or kidney cancer); blood cancer (e.g. myeloma or leukemia) or prostate cancer.
Cardiac disorders include for example, congestive heart failure, trachea cardia hypertension, high
cholesterol, or high tryglycerides. Liver disorders include for example cirrhosis and fibrosis.
Eye disorders include for example increased intra-ocular pressure, glaucoma, dry eyes retinal
degeneration, disorders of tear glands or eye inflammation. Skin disorders include for example
xerosis. Oral disorders include for example dry mouth (xerostomia), Sjégren's syndrome, gum
diseases (e.g., periodontal disease), or salivary gland duct blockage or malfunction. Prostate
disorders include for example Benign prostatic hyperplasia (BPH). Endocrine disorders include
for example diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

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

As used herein, the term “GCR agonist” is meant to refer to peptides and/or other

compounds that bind to an intestinal guanylate cyclase C and stimulate fluid and electrolyte
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transport. This term also covers fragments and pro-peptides that bind to GC-C and stimulate
fluid and watcr sceretion.

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

Addition of carriers (e.g., phosphate-buffered saline or PBS) and other components to the
composition of the present invention is well within the level of skill in this art. In addition to the
compound, such compositions may contain pharmaceutically acceptable carriers and other
ingredients known to facilitate administration and/or enhance uptake. Other formulations, such
as microspheres, nanoparticles, liposomes, and immunologically-based systems may also be used
in accordance with the present invention. Other examples include formulations with polymers
(e.g., 20% w/v polyethylene glycol) or cellulose, or enteric formulations.

The present invention is based upon several concepts. The first is that there is a cGMP-
dependent mechanism which regulates the balance between cellular proliferation and apoptosis
and that a reduction in cGMP levels, due to a deficiency of uroguanylin/guanylin and/or due to
the activation of cGMP-specific phosphodiesterases, is an early and critical step in neoplastic
transformation. A second concept is that the release of arachidonic acid from membrane
phospholipids, which leads to the activation of cytoplasmic phospholipase A2 (cPLA2),
cyclooxygenase-2 (COX-2) and possibly 5-lipoxygenase (5-LO) during the process of
inflammation, is down-regulated by a cGMP-dependent mechanism, leading to reduced levels of
prostaglandins and leukotrienes, and that increasing intracellular levels of cGMP may therefore
produce an anti-inflammatory response. In addition, a cGMP-dependent mechanism, is thought
to be involved in the control of proinflammatory proccsscs. Thercfore, clevating intraccllular
levels of cGMP may be used as a means of treating and controlling gastrointestinal disorders,
inflammatory disorders, lung disorders, cancer, cardiac disorders, eye disorders, oral disorders,
blood disorders, liver disorders, skin disorders, prostate disorders, endocrine disorders,
increasing gastrointestinal motility and obesity.Gastointestinal disorders include for example,
irritable bowel syndrome (IBS), 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
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tract), constipation (e.g., constipation associated with use of medications such as opioids,
ostcoarthritis drugs , ostcoporosis drugs; post surigical constipation, constipation associatcd with
neuropathic disorders. Inflammatory disorders include tissue and organ inflammation such as
kidney inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s disease
and ulcerative colitis); necrotizing enterocolitis; pancreatic inflammation (e.g., pancreatis), lung
inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung
Disorders include for example COPD and fibrosis. Cancer includes tissue and organ
carcinogenesis including metatases such as for example gastrointestinal cancer, ( e.g., gastric
cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal cancer,
liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer (e.g.,
melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood cancer
(e.g. mycloma or leukemia) or prostate cancer. Cardiac disorders include for example,
congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglycerides.
Liver disorders include for example cirrhosis and fibrosis. Eye disorders include for example
increased intra-ocular pressure, glaucoma, dry eyes retinal degeneration, disorders of tear glands
or eye inflammation. Skin disorders include for example xerosis. Oral disorders include for
example dry mouth (Xerostomia), Sjogren's syndrome, gum diseases (e.g., periodontal disease),
or salivary gland duct blockage or malfunction. Prostate disorders include for example Benign
prostatic hyperplasia (BPH). Endocrine disorders include for example diabetes mellitus,
hyperthyroidism, hypothyroidism, and cystic fibrosis.

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

Binding of the present agonists to a guanylate cyclase receptor stimulates production of
c¢GMP. This ligand-receptor interaction, via activation of a cascade of cGMP-dependent protein
kinases and CFTR, induces apoptosis in target cells. Therefore, administration of the novel

peptides defined by Formulas I-111 and those listed on Tables I-1V are useful in eliminating or, at
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least retarding, the onsect of gastrointestinal disorders, inflammatory disorders, lung disorders,
canccr, cardiac disordcrs, cye disorders, oral disorders, blood disorders, liver disorders, skin
disorders, prostate disorders, endocrine disorders, increasing gastrointestinal motility and
obesity.Gastointestinal disorders include for example, irritable bowel syndrome (IBS), non-ulcer
dyspepsia, chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-
obstruction, duodenogastric reflux, gastroesophageal reflux disecase (GERD), ileus inflammation
(e.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI tract), constipation
(e.g., constipation associated with use of medications such as opioids, osteoarthritis drugs ,
osteoporosis drugs; post surigical constipation, constipation associated with neuropathic
disorders. Inflammatory disorders include tissue and organ inflammation such as kidney
inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s discase and
ulcerative colitis); necrotizing enterocolitis; pancreatic inflammation (e.g., pancreatis), lung
inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung
Disorders include for example chronic obstructive pulmonary disease ( COPD), and fibrosis.
Cancer includes tissue and organ carcinogenesis including metatases such as for example
gastrointestinal cancer, ( e.g., gastric cancer, esophageal cancer, pancreatic cancer colorectal
cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer; lung
cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g.
bladder cancer or kidney cancer); blood cancer (e.g. myeloma or leukemia) or prostate cancer.
Cardiac disorders include for example, congestive heart failure, trachea cardia hypertension, high
cholesterol, or high tryglycerides. Liver disorders include for example cirrhosis and fibrosis.
Eye disorders include for example increased intra-ocular pressure, glaucoma, dry eyes retinal
degeneration, disorders of tear glands or eye inflammation. Skin disorders include for example
xcrosis. Oral disorders include for cxample dry mouth (xcrostomia), Sjogren's syndrome, gum
diseases (e.g., periodontal disease), or salivary gland duct blockage or malfunction. Prostate
disorders include for example Benign prostatic hyperplasia (BPH). Endocrine disorders include
for example diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.
Uroguanylin is a circulating peptide hormone with natriuretic activity and has been found
to stimulate fluid and electrolyte transport in a manner similar to another family of heat stable
enterotoxins (ST peptides) secreted by pathogenic strains of E. coli and other enteric bacteria that

activate guanylate cyclase receptor and cause secretory diarrhea. Unlike bacterial ST peptides,
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the binding of uroguanylin to guanylate cyclase receptor is dependent on the physiological pH of
the gut. Thercfore, uroguanylin is cxpected to regulate fluid and clectrolyte transport in a pH
dependent manner and without causing severe diarrhea.

GCRA PEPTIDES

In one aspect, the invention provides a GCRA peptide. The GCRA peptides are
analogucs uroguanylin, guanyli, lymphoguanylin and ST peptides. No particular length is
implied by the term “peptide”. In some embodiments, the GCRA peptide is less than 25 amino
acids in length, e.g., less than or equal to 20, 15, 14, 13, 12, 11, 10, or 5 amino acid in length.

The GCRA peptides can be polymers of L-amino acids, D-amino acids, or a combination
of both. For example, in various embodiments, the peptides are D retro-inverso peptides. The
term “retro-inverso isomer” refers to an isomer of a lincar peptide in which the dircction of the
sequence is reversed and the chirality of cach amino acid residue is inverted. See, e.g., Jameson
et al., Nature, 368, 744-746 (1994); Brady et al., Nature, 368, 692-693 (1994). The net result of
combining D-enantiomers and reverse synthesis is that the positions of carbonyl and amino
groups in each amide bond are exchanged, while the position of the side-chain groups at cach
alpha carbon is preserved. Unless specifically stated otherwise, it is presumed that any given L-
amino acid sequence of the invention may be made into an D retro-inverso peptide by
synthesizing a reverse of the sequence for the corresponding native L-amino acid sequence. For
example a GCRA peptide includes the sequence defined by Formulas I-11I and those listed on
Tables I-1V.

By inducing cGMP production is meant that the GCRA peptide induces the production
of intraccllular cGMP. Intraccllular cGMP is mcasurcd by mecthods known in the art. For
example, the GCRA peptide of the invention stimulate 5%, 10%, 20%, 30%, 40%, 50% , 75%,
90% or more intracellular cGMP compared to naturally occurring GC-C agonists. Naturally
Optionally, the GCRA peptides of the invention of the invention stimulate 5%, 10%, 20%, 30%,
40%, 50% , 75%, 90% or more intracellular cGMP compared SP-304. In further embodiments,
the GCRA peptide stimulates apoptosis, e.g., programmed cell death or activate the cystic
fibrosis transmembrane conductance regulator (CFTR). In some embodimenst the GCRA
peptides described herein are more stable than naturally occurring GC-C agonists and/or SP-304.

By more stable it is meant that the peptide degrade less and/or more slowly in simulated gastric
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fluid and/or simulated intestinal fluid compared to naturally occurring GC-C agonists and/or SP-
304. For cxample, thc GCRA peptidc of the invention degrade 2%, 3%, 5%, 10%, 15%, 20%,
30%, 40%, 50% , 75%, 90% or less compared to naturally occurring GC-C angonists and/or SP-
304.

As used herein, the term “AMIDE” is meant to denote that the terminal carboxylic acid is

replaced with an amide group, i.e., the terminal COOH is replaced with CONH,.

As used herein, (e.g., in Formulas I- IIT) X,, is any natural, unnatural amino acid or
amino acid analogue; My, is a Cysteine (Cys), Penicillamine (Pen) homocysteine, or 3-
mercaptoproline. Xaa, is meant to denote an amino acid sequence of any natural, unnatural
amino acid or amino acid analogue that is one, or two residues in length. Additionally, any
amino acid represented by Xaa, may be an L-amino acid, a D-amino acid, a methylated amino
acid, a florinated amino acid or any combination of thereof. Preferablly the amino acid at the N-
terminus, C-terminus or both are D-amino acids. Optionally, any GCRA peptide represented by
Formulas I-1II may contain on or more polyethylene glycol residues at the N- terminus, C-
terminus or both. An exemplary polyethylene glycol include aminoethyloxy-ethyloxy-acetic

acid and polymers thercof.

In some embodiments, GCRA peptides include peptides containing the amino acid
sequence of Formula I. Preferably, the amino acid at position 1 of Formula I is a glutamic acid,
aspartic acid, glutamine or lysine. Preferably, the amino acid at position 2 and 3 of Formula I is
a glutamic acid, or an aspartic acid. Preferably, the amino acid at position 5 a glutamic acid.
Preferably, the amino acid at position 6 of Formula I is an isoleucine, valine, serine, threonine or
tyrosinc. Prcferably, the amino acid at position 8 of Formula I is a valine or isolcucinc.
Preferably, the amino acid at position 9 of Formula I is a an asparagine. Preferably, the amino
acid at position 10 of Formula I is a valine or an methionine. Preferably, the amino acid at
position 11 of Formula I is an alanine. Preferably, the amino acid at position 13 of Formula I is
a threonine. Preferably, the amino acid at position 14 of Formula I is a glycine. Preferably, the

amino acid at position 16 of Formula I is a leucine, serine or threonine

In alternative embodiments, GCRA peptides include peptides containing the amino acid
sequence of Formula II. Preferably, the amino acid at position 1 of Formula Il is a serine or

agparagine. Preferably, the amino acid at position 2 of Formula II is a histidine or an aspartic
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acid. Preferably, the amino acid at position 3 of Formula II is a threonine or a glutamic acid.
Prcferably, the amino acid at position 5 of Formula Il is a glutamic acid. Prcferably, the amino
acid at position 6 of Formula II is an isoleucine, leucine, valine or tyrosine. Preferably, the
amino acid at position &, 10, 11, or 13 of Formula II is a alanine. Preferably, the amino acid at
position 9 of Formula Il is an asparagine or a phenylalanine. Preferably, the amino acid at

position 14 of Formula II is a glycine.

In further embodiments, GCRA peptides include peptides containing the amino acid
sequence of Formula I11. Preferably, the amino acid at position 1 of Formula III is a glutamine.
Preferably, the amino acid at position 2 or 3 of Formula III is a glutamic acid or a aspartic acid.
Preferably, the amino acid at position 5 of Formula III is a glutamic acid. Preferably, the amino
acid at position 6 of Formula III is threonine, glutamine, tyrosine, isoleucine, or leucine.
Preferably, the amino acid at position 8 of Formula III is isoleucine or valine. Preferably, the
amino acid at position 9 of Formula III is asparagine. Preferably, the amino acid at position 10
of Formula III is methionine or valine. Preferably, the amino acid at position 11 of Formula IIT
is alanine. Preferably, the amino acid at position 13 of Formula I11 is a threonione. Preferably,
the amino acid at position 1 of Formula III is a glycine. Preferably, the amino acid at position
15 of Formula III is a tyrosine. Optionally, the amino acid at position 15 of Formula Il is two
amino acid in length and is Cysteine (Cys), Penicillamine (Pen) homocysteine, or 3-

mercaptoproline and serine, leucine or threonine.

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

For example, glutamine residues can be substituted with gamma-Hydroxy-Glu or
gamma- Carboxy-Glu. Tyrosine residues can be substituted with an alpha substituted amino acid
such as L-alpha-methylphenylalanine or by analogues such as: 3-Amino-Tyr; Tyr(CH3),
Tyr(PO3(CH3)2); Tyr(SO3H); beta-Cyclohexyl-Ala; beta-(1-Cyclopentenyl)-Ala; beta-
Cyclopentyl-Ala; beta-Cyclopropyl-Ala; beta-Quinolyl-Ala; beta-(2-Thiazolyl)-Ala; beta-
(Triazole-1-yl)-Ala; beta-(2-Pyridyl)-Ala; beta-(3-Pyridyl)-Ala; Amino-Phe; Fluoro-Phe;
Cyclohexyl-Gly; tBu-Gly; beta-(3-benzothienyl)-Ala; beta-(2-thienyl)-Ala; 5-Methyl-Trp; and
A- Methyl-Trp. Proline residues can be substituted with homopro (L-pipecolic acid); hydroxy-
Pro; 3,4-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 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-isovaling), L/D-methylvaline, or L/D-alpha-methylleucing 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).

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

described in US20060019347, paragraph 589.

In some embodiments, an amino acid can be replaced by a naturally-occurring, non-

essential amino acid, e.g., taurine.

Alternatively, the GCRA peptides are cyclic peptides. GCRA cyclic peptide are prepared
by methods known in the art. For example, macrocyclization is often accomplished by forming
an amide bond between the peptide N- and C-termini, between a side chain and the N- or

C-terminus [e.g., with KsFe(CN)g at pH 8.5] (Samson et al., Endocrinology, 137: 5182-5185
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(1996)), or between two amino acid side chains, such as cysteine. See, e.g., DeGrado, Adv
Protein Chem, 39: 51-124 (1988). In various aspccts thc GCRA peptides arc [4,12; 7,15]
bicycles.

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

disulfide bonds.

In addition, one or more disulfide bonds can be replaced by alternative covalent cross-
links, e.g., an amide linkage (-CH2CH(O)NHCH 2- or -CH2NHCH(O)CH 2-), an ester linkage,
a thioester linkage, a lactam bridge , a carbamoyl linkage, a urea linkage, a thiourea linkage, a
phosphonate ester linkage, an alkyl linkage (-CH2CH2CH2CH2-), an alkenyl linkage(-CH
2CH=CHCH 2-), an cther linkage (-CH2CH20OCH2- or -CH20OCH2CH2-), a thioether linkage (-
CH2CH2SCH2- or - CH2SCH2CH2-), an amine linkage (-CH2CH2NHCH?2- or -CH2NHCH
2CH2-) or a thioamide linkage (-CH2CH(S)HNHCH 2- or -CH2NHCH(S)CH 2-). For example,
Ledu et al. (Proc Nat'l Acad. Sci. 100:11263-78, 2003) describe methods for preparing lactam
and amide cross-links. Exemplary GCRA peptides which include a lactam bridge include for
example SP-370.

The GCRA peptides can have one or more conventional polypeptide bonds replaced by
an alternative bond. Such replacements can increase the stability of the polypeptide. For
example, replacement of the polypeptide bond between a residue amino terminal to an aromatic
residue (e.g. Tyr, Phe, Trp) with an alternative bond can reduce cleavage by carboxy peptidases
and may increase half-life in the digestive tract. Bonds that can replace polypeptide bonds
include: a retro-inverso bond (C(O)-NH instead of NH-C(O); a reduced amide bond (NH-CH2);
a thiomethylene bond (S-CH2 or CH2-S); an oxomethylene bond (0-CH 2 or CH2-O); an
ethylene bond (CH2-CH2); a thioamide bond (C(S)-NH); a trans-olefine bond (CH=CH); a
fivoro substituted trans-olefme bond (CF=CH); a ketomethylene bond (C(O)-CHR or CHR-C(O)
wherein R is H or CH3; and a fluoro-ketomethylene bond (C(O)-CFR or CFR-C(O) wherein R is
H or F or CH3.
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The GCRA peptides can be modified using standard modifications. Modifications may
occur at the amino (N-), carboxy (C-) terminus, intcrnally or a combination of any of the
preceeding. In one aspect described herein, there may be more than one type of modification on
the polypeptide. Modifications include but are not limited to: acetylation, amidation,
biotinylation, cinnamoylation, farnesylation, formylation, myristoylation, palmitoylation,
phosphorylation (Ser, Tyr or Thr), stearoylation, succinylation, sulfurylation and cyclisation (via
disulfide bridges or amide cyclisation), and modification by Cys3 or Cys5. The GCRA peptides
described herein may also be modified by 2, 4-dinitrophenyl (DNP), DNP-lysine, modification
by 7-Amino-4-methyl- coumarin (AMC), flourescein, NBD (7-Nitrobenz-2-Oxa-1,3-Diazole), p-
nitro-anilide, rhodamine B, EDANS (5-((2-aminoethyl)amino)naphthalene-1- sulfonic acid),
dabcyl, dabsyl, dansyl, texas red, FMOC, and Tamra (Tetramethylrhodamine). The GCRA
peptides described herein may also be conjugated to, for example, polycthylene 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 KLH (Keyhole Limpet
Hemocyanin). The addition of PEG and other polymers which can be used to modify
polypeptides of the invention is described in US20060 19347 section IX.

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

some or all of the cGMP production modulatory effects.

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

identified.
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Preferred variants are those that have conservative amino acid substitutions made at one
or morce predicted non-cssential amino acid residucs. A "conscrvative amino acid substitution” is
one in which the amino acid residue is replaced with an amino acid 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 (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side
chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in a GCRA polypeptide
is replaced with another amino acid residue from the same side chain family. Alternatively, in
another embodiment, mutations can be introduced randomly along all or part of a GCRA coding
sequence, such as by saturation mutagenesis, and the resultant mutants can be screened to

identify mutants that retain activity.

Also included within the meaning of substantially homologous is any GCRA peptide
which may be isolated by virtue of cross-reactivity with antibodies to the GCRA peptide.

PREPARATION OF GCRA PEPTIDES

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

include dominant negative forms of a polypeptide.

Chemical synthesis may generally be performed using standard solution phase or solid
phase peptide synthesis techniques, in which a peptide linkage occurs through the direct
condensation of the amino group of one amino acid with the carboxy group of the other amino
acid with the e¢limination of a water molecule. Peptide bond synthesis by direct condensation, as
formulated above, requires suppression of the reactive character of the amino group of the first
and of the carboxyl group of the second amino acid. The masking substituents must permit their

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

In solution phase synthesis, a wide 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,"
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2d ed. (Springer Verlag, 1994)). In addition, intermediate purification and linear scale up are
possiblc. Thosc of ordinary skill in the art will apprcciate that solution synthcsis requircs
consideration of main chain and side chain protecting groups and activation method. In addition,
careful segment selection is necessary to minimize racemization during segment condensation.
Solubility considerations are also a factor. Solid phase peptide synthesis uses an insoluble
polymer for support during organic synthesis. The polymer-supported peptide chain permits the
use of simple washing and filtration steps instead of laborious purifications at intermediate steps.
Solid-phase peptide synthesis may generally be performed according to the method of Merrifield
etal., J. Am. Chem. Soc., 1963, 85:2149, which involves assembling a linear peptide chain on a
resin support using protected amino acids. Solid phase peptide synthesis typically utilizes either

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

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

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

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

appropriate resin such as methylbenzhydrylamine resin using the Boc technology.

Alternatively the GCRA peptides are produced by modern cloning techniques For
example, the GCRA peptides are produced either in bacteria including, without limitation, E.
coli, or in other existing systems for polypeptide or protein production (e.g., Bacillus subtilis,
baculovirus expression systems using Drosophila Sf9 cells, yeast or filamentous fungal
expression systems, mammalian cell expression systems), or they can be chemically synthesized.

If the GCRA peptide or variant peptide is to be produced in bacteria, e.g., E. coli, the nucleic
acid molecule encoding the polypeptide may also encode a leader sequence that permits the
sccretion of the mature polypeptide from the cell. Thus, the sequence encoding the polypeptide
can include the pre sequence and the pro sequence of, for example, a naturally-occurring
bacterial ST polypeptide. The secreted, mature polypeptide can be purified from the culture

medium.
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The sequence encoding a GCRA peptide described herein can be inserted into a vector
capablc of dclivering and maintaining the nuclcic acid molecule in a bacterial ccll. The DNA
molecule may be inserted into an autonomously replicating vector (suitable vectors include, for
example, pGEM3Z and pcDNA3, and derivatives thereof). The vector nucleic acid may be a
bacterial or bacteriophage DNA such as bacteriophage lambda or M13 and derivatives thereof.
Construction of a vector containing a nucleic acid described herein can be followed by
transformation of a host cell such as a bacterium. Suitable bacterial hosts include but are not
limited to, E. coli, B subtilis, Pseudomonas, Salmonella. The genetic construct also includes, in
addition to the encoding nucleic acid molecule, elements that allow expression, such as a
promoter and regulatory sequences. The expression vectors may contain transcriptional control
sequences that control transcriptional initiation, such as promoter, enhancer, operator, and

ICpressor sequences.

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

polypeptide production.

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

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

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

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

The present invention provides for both prophylactic and therapeutic methods of treating
a subject at risk of (or susceptible to) a disorder or having a disorder associated that is mediated
by guanylate cyclase receptor agonists. Disorders mediated by the guanylate cyclase receptor
agonists include gastrointestinal disorders, inflammatory disorders, lung disorders, cancer,
cardiac disorders, eye disorders, oral disorders, blood disorders, liver disorders, skin disorders,
prostate disorders, endocrine disorders, increasing gastrointestinal motility
and obecsity.Gastointestinal disorders include for cxamplc, irritablc bowel syndrome (IBS), non-
ulcer dyspepsia, chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-
obstruction, duodenogastric reflux, gastroesophageal reflux discase (GERD)ileus (e.g., post-
operative ileus), gastroparesis, heartburn (high acidity in the GI tract), constipation (e.g.,
constipation associated with use of medications such as opioids, osteoarthritis drugs ,
osteoporosis drugs; post surigical constipation, constipation associated with neuropathic
disorders. Inflammatory disorders include tissue and organ inflammation such as kidney
inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s disease and
ulcerative colitis); necrotizing enterocolitis; pancreatic inflammation (e.g., pancreatis), lung
inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung
Disorders include for example chronic obstructive pulmonary discase ( COPD), and fibrosis.
Canccr includes tissuc and organ carcinogencsis including mctatascs such as for cxample
gastrointestinal cancer, ( e.g., gastric cancer, esophageal cancer, pancreatic cancer colorectal
cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer; lung
cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g.
bladder cancer or kidney cancer); blood cancer (e.g. myeloma or leukemia) or prostate cancer.
Cardiac disorders include for example, congestive heart failure, trachea cardia hypertension, high
cholesterol, or high tryglycerides. Liver disorders include for example cirrhosis and fibrosis.
Eye disorders include for example increased intra-ocular pressure, glaucoma, dry eyes retinal

degeneration, disorders of tear glands or eye inflammation. Skin disorders include for example
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xerosis. Oral disorders include for example dry mouth (xerostomia), Sjégren's syndrome, gum
discascs (e.g., pcriodontal discasc), or salivary gland duct blockage or malfunction. Prostate
disorders include for example benign prostatic hyperplasia (BPH). Endocrine disorders include
for example diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

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

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

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

Disorders are treated, prevented or alleviated by administering to a subject, e.g., a
mammal such as a human in need thereof, a therapeutically effective dose of a GCRA peptide.
The GCRA peptides may be in a pharmaceutical composition in unit dose form, together with
one or more pharmaceutically acceptable excipients. The term “unit dose form” refers to a single
drug delivery entity, e.g., a tablet, capsule, solution or inhalation formulation. The amount of
peptide present should be sufficient to have a positive therapeutic effcet when administered to a
patient (typically, between 10 pg and 3 g). What constitutes a “positive therapeutic effect” will
depend upon the particular condition being treated and will include any significant improvement

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

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

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

The GCRA peptides described herein may be combined with phosphodiesterase
inhibitors, e.g., sulindae sulfone, Zaprinast, sildenafil, vardenafil or tadalafil to further enhance

levels of cGMP in the target tissues or organs.

Combination therapy can also include two or more administrations of one or more of the
agents used in the combination. For example, if agent X and agent Y are used in a combination,
one could administer them sequentially in any combination one or more times, e.g., in the order

X-Y- X, X-X-Y, Y-X-Y,Y-Y-X X-X-Y-Y, etc.

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

include small molecule drugs and biologics such as Remicade, Humaira, Cimzia etc.
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Combination therapy can also include the administration of two or more agents via
diffcrent routes or locations. For cxample, (a) onc agent is administcred orally and anothcr
agents is administered intravenously or (b) one agent is administered orally and another is
administered locally. In each case, the agents can cither simultaneously or sequentially.
Approximated dosages for some of the combination therapy agents described herein are found in
the "BNF Recommended Dose" column of tables on pages 11-17 of WO01/76632 (the data in
the tables being attributed to the March 2000 British National Formulary) and can also be found
in other standard formularies and other drug prescribing directories. For some drugs, the

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

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

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

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

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

absorption, for example, aluminum monostearate and gelatin.

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

plus any additional desired ingredient from a previously sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an edible carrier. Such as
mannitol, fructooligosaccharides, polyethylene glycol and other excepients. They can be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic

administration, the active compound can be incorporated with excipients and used in the form of

40

3589



10

15

20

25

30

WO 2010/009319 PCT/US2009/050855

tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use
as a mouthwash, wherein the compound in the fluid carrier is applicd orally and swished and
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition. The tablets, pills, capsules, troches and the
like can contain any of the following ingredients, or compounds of a similar nature: a binder
such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as
magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent
such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or

orange flavoring.

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

as carbon dioxide, or a nebulizer.

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

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

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

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

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

herein by reference.

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

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

The pharmaccutical compositions can be included in a container, pack, or dispenscr

together with instructions for administration.

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

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

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

proteins, for example albumen.

Examples of excipients for use as the pharmaceutically acceptable carriers and the
pharmaceutically acceptable inert carriers and the aforementioned additional ingredients include,
but arc not limitced to binders, fillers, disintcgrants, 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 alginates, powdered
tragacanth, guar gum, cellulose and its derivatives (e.g., ethyl cellulose, cellulose acetate,
carboxymethyl cellulose calcium, sodium carboxymethyl cellulose), polyvinyl pyrrolidone (e.g.,

povidone, crospovidone, copovidone, etc), methyl cellulose, Methocel, pre-gelatinized starch
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(e.g., STARCH 1500® and STARCH 1500 LM®, sold by Colorcon, Ltd.), hydroxypropyl
mcthyl ccllulosc, microcrystalline cellulose (FMC Corporation, Marcus Hook, PA, USA), or
mixtures thercof, FILLERS: talc, calcium carbonate (e.g., granules or powder), dibasic calcium
phosphate, tribasic calcium phosphate, calcium sulfate (e.g., granules or powder),
microcrystalline cellulose, powdered cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol,
starch, pre-gelatinized starch, dextrose, fructose, honey, lactose anhydrate, lactose monohydrate,
lactose and aspartame, lactose and cellulose, lactose and microcrystalline cellulose, maltodextrin,
maltose, mannitol, microcrystalline cellulose &amp; guar gum, molasses, sucrose,or mixtures
thereof, DISINTEGRANTS: agar-agar, alginic acid, calcium carbonate, microcrystalline
cellulose, croscarmellose sodium, crospovidone, polacrilin potassium, sodium starch glycolate,
potato or tapioca starch, other starches, pre-gelatinized starch, clays, other algins, other
celluloses, gums (like gellan), low-substituted hydroxypropyl cellulose, or mixtures thercof,
LUBRICANTS: calcium stearate, magnesium stearate, mineral oil, light mineral oil, glvcerin,
sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid, sodium lauryl sulfate, sodium
stearyl fumarate, vegetable based fatty acids lubricant, talc, hydrogenated vegetable oil (e.g.,
peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil and soybean oil), zinc
stearate, ethyl oleate, ethyl laurate, agar, syloid silica gel (AEROSIL 200, W.R. Grace Co.,
Baltimore, MD USA), a coagulated aerosol of synthetic silica (Deaussa Co., Piano, TX USA), a
pyrogenic silicon dioxide (CAB-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, phenoxycthanol, phenylmercuric acctate, phenylmercuric nitrate, potassium sorbatc,
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 methyl
cellulose phthalate, methylcellulose, polyethylene glycol, polyvinyl acetate phthalate, shellac,
sucrose, titanium dioxide, carnauba wax, microcrystalline wax, gellan gum, maltodextrin,

methacrylates, microcrystalline cellulose and carrageenan or mixtures thereof.

43

3592



10

15

20

25

30

WO 2010/009319 PCT/US2009/050855

The formulation can also include other excipients and categories thercof including but not
limited to L-histidine, Pluronic®, Poloxamecrs (such as Lutrol® and Poloxamer 188), ascorbic
acid, glutathione, permeability enhancers (e.g. lipids, sodium cholate, acylcarnitine, salicylates,
mixed bile salts, fatty acid micelles, chelators, fatty acid, surfactants, medium chain glycerides),
protease inhibitors (e.g. soybean trypsin inhibitor, organic acids), pH lowering agents and
absorption enhancers effective to promote bioavailability (including but not limited to those
described in US6086918 and US5912014), creams and lotions (like maltodextrin and
carrageenans); materials for chewable tablets (like dextrose, fructose, lactose monohydrate,
lactose and aspartame, lactose and cellulose, maltodextrin, maltose, mannitol, microcrystalling
cellulose and guar gum, sorbitol crystalline); parenterals (like mannitol and povidone);
plasticizers (like dibutyl scbacate, plasticizers for coatings, polyvinylacetate phthalate); powder
lubricants (like glyceryl behenate); soft gelatin capsules (like sorbitol special solution); spheres
for coating (like sugar spheres); spheronization agents (like glyceryl behenate and
microcrystalline cellulose); suspending/gelling agents (like carrageenan, gellan gum, mannitol,
microcrystalline cellulose, povidone, sodium starch glycolate, xanthan gum); sweeteners (like
aspartame, aspartame and lactose, dextrose, fructose, honey, maltodextrin, maltose, mannitol,
molasses, sorbitol crystalline, sorbitol special solution, sucrose); wet granulation agents (like
calcium carbonate, lactose anhydrous, lactose monohydrate, maltodextrin, mannitol,
microcrystalline cellulose, povidone, starch), caramel, carboxymethylcellulose sodium, cherry
cream flavor and cherry flavor, citric acid anhydrous, citric acid, confectioner's sugar, D&C Red
No. 33, D&C Yellow #10 Aluminum Lake, disodium edetate, ethyl alcohol 15%, FD&C Yellow
No. 6 aluminum lake, FD&C Blue # 1 Aluminum Lake, FD&C Blue No. 1, FD&C blue no. 2
aluminum lake, FD&C Green No.3, FD&C Red No. 40, FD&C Yellow No. 6 Aluminum Lake,
FD&C Ycllow No. 6, FD&C Ycllow No.10, glycerol palmitostcarate, glyceryl monostcarate,
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.
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Solid oral dosage forms may optionally be treated with coating systems (e.g. Opadry® fx
film coating systcm, for cxample Opadry® bluc (OY-LS-20921), Opadry® white (Y S-2-7063),
Opadry® white (Y'S- 1-7040), and black ink (S- 1-8 106).

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

5,192,741, U.8. 5,192,741, U.S. 4,668,506, U.S. 4,713,244, U.S. 5,445,832 U.S. 4,931,279, U.S.
,5, 980,945, WO 02/058672, WO 9726015, WO 97/04744, and US200200 19446. In such
sustained release formulations microparticles (Delie and Blanco-Prieto 2005 Molecule 10:65-80)
of polypeptide are combined with microparticles of polymer. One or more sustained release
implants can be placed in the large intestine, the small intestine or both. U.S. 6,011,0 1 and WO
94/06452 describe a sustained release formulation providing either polyethylene glycols (7. e.
PEG 300 and PEG 400) or triacetin. WO 03/053401 describes a formulation which may both
enhance bioavailability and provide controlled releaseof the agent within the 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 01/49311, and U.S.
5,877,224 materials which may include those described in W0O04041195 (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 W09001329. US4910021 describes using a pH-
sensitive material to coat a capsule. W09001329 describes using pH-sensitive coatings on beads
containing acid, where the acid in the bead core prolongs dissolution of the pH-sensitive coating.

U. S. Patent No. 5,175,003 discloses a dual mechanism polymer mixture composed of pH-
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sensitive enteric materials and film-forming plasticizers capable of conferring permeability to the
cnteric material, for usc in drug-delivery systems; a matrix pellet composcd of a dual mechanism
polymer mixture permeated with a drug and sometimes covering a pharmaceutically neutral
nucleus; a membrane- coated pellet comprising a matrix pellet coated with a dual mechanism
polymer mixture envelope of the same or different composition; and a pharmaceutical dosage
form containing matrix pellets. The matrix pellet releases acid-soluble drugs by diffusion in acid
PH and by disintegration at pH levels of nominally about 5.0 or higher.

The GCRA peptideds described herein may be formulated in the pH triggered targeted
control release systems described in W004052339. The agents described herein may be
formulated according to the methodology described in any of WO03105812 (extruded
hyrdratable polymers); W00243767 (enzyme cleavable membrane translocators); W0O03007913
and WO03086297 (mucoadhesive systems); W002072075 (bilayer laminated formulation
comprising pH lowering agent and absorption enhancer); W0O04064769 (amidated polypeptides);
WO05063156 (solid lipid suspension with pseudotropic and/or thixotropic properties upon
melting); W0O03035029 and W003035041 (erodible, gastric retentive dosage forms);
US5007790 and US5972389 (sustained release dosage forms); WO041 1271 1 (oral extended
release compositions); W0O05027878, W002072033, 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 (modified starch
based delivery). JP10324642 (delivery system comprising chitosan and gastric resistant material
such as wheat gliadin or zein); US5,866,619 and US6,368,629 (saccharide containing polymer);
US 6,531,152 (describes a drug delivery system containing a water soluble core (Ca pectinate or
other watcr-insolublc polymers) and outer coat which bursts (e.g. hydrophobic polymer-
Eudragrit)); US 6,234,464; US 6,403,130 (coating with polymer containing casein and high
methoxy pectin; WO0174 175 (Maillard reaction product); W0O05063206 (solubility increasing
formulation); WO040 19872 (transferring fusion proteins).

The GCRA peptides described herein may be formulated using gastrointestinal retention
system technology (GIRES; Merrion Pharmaceuticals). GIRES comprises a controlled-release
dosage form inside an inflatable pouch, which is placed in a drug capsule for oral administration.
Upon dissolution of the capsule, a gas-generating system inflates the pouch in the stomach where
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it is retained for 16-24 hours, all the time releasing agents described herein.

The GCRA peptides desceribed herein can be formulated in an osmotic device including
the ones disclosed in US4,503,030, US5,609,590 and US5,358.502. US4,503,030 discloses an
osmotic device for dispensing a drug to certain pH regions of the gastrointestinal tract. More
particularly, the invention relates to an osmotic device comprising a wall formed of a semi-
permeable pH sensitive composition that surrounds a compartment containing a drug, with a
passageway through the wall connecting the exterior of the device with the compartment. The
device delivers the drug at a controlled rate in the region of the gastrointestinal tract having a pH
of less than 3.5, and the device self- destructs and releases all its drug in the region of the
gastrointestinal tract having a pH greater than 3.5, thereby providing total availability for drug
absorption. U.S. Patent Nos. 5,609,590 and 5, 358,502 disclose an osmotic bursting device for
dispensing a beneficial agent to an aqueous environment. The device comprises a beneficial
agent and osmagent surrounded at least in part by a semi-permeable membrane. The beneficial
agent may also function as the osmagent. The semi-permeable membrane is permeable to water
and substantially impermeable to the beneficial agent and osmagent. A trigger means is attached
to the semi-permeable membrane (e.g.,joins two capsule halves). The trigger means is activated
by a pH of from 3 to 9 and triggers the eventual, but sudden, delivery of the beneficial agent.
These devices enable the pH-triggered release of the beneficial agent core as a bolus by osmotic
bursting.

EXEMPLARY AGENTS FOR COMBINATION THERAPY

Analgesic Agents

The GCRA peptides described herein can be used in combination therapy with an
analgesic agent, e.g., an analgesic compound or an analgesic polypeptide. These polypeptides
and compounds can be administered with the GCRA peptides described herein (simultaneously
or sequentially). They can also be optionally covalently linked or attached to an agent described
herein to create therapeutic conjugates. Among the useful analgesic agents are: Ca channel
blockers, SHT receptor antagonists (for example SHT3, SHT4 and SHTI receptor antagonists),
opioid reeeptor agonists (lopcramide, fedotozine, and fentanyl), NKI reeeptor antagonists, CCK
receptor agonists (e.g., loxiglumide), NKI receptor antagonists, NK3 receptor antagonists,
norepinephrine-serotonin reuptake inhibitors (NSRI), vanilloid and cannabanoid receptor

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

Opioid receptor antagonists and agonists can be administered with the GCRA peptides
described herein in co-therapy or linked to the agent described herein, e.g., by a covalent bond.
For example, opioid receptor antagonists such as naloxone, naltrexone, methyl nalozone,
nalmefene, cypridime, beta funaltrexamine, naloxonazine, naltrindole, and nor-binaltorphimine
are thought to be useful in the treatment of IBS. It can be useful to formulate opioid antagonists
of this type is a delayed and sustained release formulation such that initial release of the
antagonist is in the mid to distal small intestine and/or ascending colon. Such antagonists are
described in WO 01/32180 A2. Enkephalin pentapeptide (HOE&25; Tyr-D-Lys-Gly-Phe-L-
homoserine) is an agonist of the mu and delta opioid receptors and is thought to be useful for
increasing intestinal motility {Eur. J. Pharm. 219:445, 1992), and this polypeptide can be used in
conjunction with the polypeptides described herein. Also useful is trimebutine which is thought
to bind to mu/delta/kappa opioid receptors and activate release of motilin and modulate the
release of gastrin, vasoactive intestinal polypeptide, gastrin and glucagons. Kappa opioid
rceeptor agonists such as fedotozine, asimadoline, and ketocyclazocine, and compounds
described in W003/097051 and WO05/007626 can be used with or linked to the polypeptides
described herein. In addition, mu opioid receptor agonists such as morphine, diphenyloxylate,
frakefamide (H-Tyr-D-Ala-Phe(F)-Phe-NH 2; WO 01/019849 Al) and loperamide can be used.

Tyr-Arg (kyotorphin) is a dipeptide that acts by stimulating the release of met-
enkephalins to elicit an analgesic effect (J. Biol. Chem 262:8165, 1987). Kyotorphin can be used
with or linked to the GCRA peptides described herein.
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Chromogranin-derived polypeptide (CgA 47-66; See, e.g., Ghia ct al. 2004 Regulatory
polypeptides 119:199) can be used with or linked to the GCRA peptides described herein.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Agenis to Trear Gastrointesiingd Disorders

rasirodntestingl and other disorders

Examples of additional therapeutic agenis to treat g
include agents o treat covstipation {e.g., 4 chlonide channel aciivator such as the hicylic fanty
acid, Lubiprostone {formerly known as SPI-0211; Sucampo Pharmacenticals, Inc.; Bethesda,
M3y, a laxative {e.g. a bulk-formdog laxative {e.g. nonstarch polysaccharides, Colonel Tablet
{polycarbophil calcium), Plantage Ovata®, Egualactin® (Caleium Polyearbophily), fiber {e.g.

FIBERCON® {Calcium Polycarbophil), an csmotic laxative, a stumulant Taxative (such as
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diphenvimethanes {2.2. bisacodyl), anthragquinones {e.g. cascara, serma), and surfactant laxatives
{e.z. castor oul, docusates), an comolliont/fubricating ageot {such as ndooral oi, glyveerme, and
docusates}y, Miralax (Braintree Laboratories, Braintree MA), dexloxighnmide (Forest
Laboratories, also known as CR 2017 Rottapharm {Rotta Research Laboratoriom 3pA)), saling
laxatives, enemas, suppositories, and CR 3708 (Rouapharm {Rotta Research Laboratoriam SpAY;
acid reducing agents such as proton pumyp inhibitors {e.g., omeprazole (Prilosec®}, esomeprazole
{Nexiom®), lansoprazoles (Prevacid®), pastoprazole (Frotonix®) and rabeprazole {Aciphex®)}
aund Histaraine H2 «receptor antagonist {also known as H2 receptor blockers inclading
cimetidine, ranitidine, famotidine and mizatdine); prokinetic agents incloding Hopride,
actrectide, bethanechol, metoclopramide (Reglan®), doraperidone (Motilinm®), ervthromyein
{and derivatives thereof) or cisapride {propulsid®); Prokincticin polvpeptides homologs, variants
and chimeras thereot including those deseribed in US 7,052,674 which can be used with or
{inked to the polvpeptides described herein; pro-motility agents such as the vasostatin-derived
polypeptide, chromogranin A {4-10) (See, e.g., Ghia et al. 2004 Begulatory polypeptides 121:31)
or mtilin agonists {e.g., GM-611 or mitemginal fumaraie} or nociceptin/Orphanin FQ receptor
modnlators (USZO050516991 7y, other peptides which can bind to and/or activate GC-C inchuding
those described in US20058287867; complete or partial SHT {eg. SHTL SHTZ, 3HTS, SHT4)
receptor agonists or antagonists {inchuding SHTTA antagonists (e.g. AGLOUL(AGE
therapoutios), SHT2B antagonists (e.g. FGN 1091 and PGNI 164 {Pharmagene Lahoratorics
Limsited), and SHTS recuplor sgonists (vuch a8 tegaserad (ZELNORM®), prucalopride,
mosapride, metoclopramide, zacopride, cisapride, renzapride, benzimidazolone derivatives such
as BIMU 1 and BIMU &, and Yirexaprided. Such agonists/maodulators are deseribed 1o
EP1321147 AL WO 03/053432A0, BP 303322 AL BEP 505322 B US 5,510,353, EP 507672 AL
EP 507672 8L US 5,273,983, and US 6,951,867} 3HT3 receptor agonists such as MEC-

3]

and 3HT3 receptor antagonists such ag DDP-225 (MOL-225; Dyvnogen Pharmaceuticals, ne.),
cilanseron {Cabmactin®}, alosetron {(Lotwonex®}, Oudanseiron HCL (Fofran®), Dolasetron
{ANZEMET®Y}, palonosctron {Aloxi®), Granisetron (Kytril®), YMO6H ramosetron; Astellas
Pharma Ing.; raroosetron may be given a3 a datly dose of 0.002 1o 8.02 my as deseribed in
EPOISRRTOT) and ATE-7000 {Axyx Therapeutics, Santa Clara CA); mouscarinic recepior agonisis;

anti-inflammatory ageonts; sntispasmodics including but not imitted to anticholinergie drugs (Hke

dicvelomine {eg. Colimex®, Formulex®, Loming®, Protylol®, Visceral®, Spasmoban®,
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Bentyl®, Bentylol®), hyvosovamine {e.g. IB-5iat®, MNulev®, Lovsin®, Lovhid®, Levaines

Timecaps®, Lovam/SLE, Anaspaz®, A-Spas S/LE®, Cystospar®, Cystospaz-ME, Dormmamar®),

Colidrops Ligquid Pedistric®, Gastrosed®, Hyeo BElxar®, Hyosol®, Hyospaz®, Hyosyne®,

Losarnine®, Medispaz®, Neosol®, Spacol®, Spasdel®, Syruax®, Symax SLBY, Donuaial (20
Domnatal Extentabs®), clidivium {e.g. Quarzan, i combination with Librigm = Librax),
methantheline {o.2. Banthine}, Mepenzolate {v. g Canti), homatropine (e.g. hyeodan, Homapin},
Propantheline bromide (e.g. Fro-Banthine), Glveopyrrolate (e.g. Robimal®, Robingd Forte®,
seopolaming {e.g. Transderme-Scop®, Transderm-V®8}, hvosine-M-butvibromide (e ¢
Buscopan®}, Pirenzepine {2y Gastrozepin®) Propantheline Bromide {2.g. Propanthel®),

P

dicveloverine {e.g. Merbentvl®), glveopyrronium bromide {e.g. Glycopyrrolate®), hyoseine
hvdrobromide, hyoscinge methobromide, methanthelinfum, and octatroping); poppermint oif; and
dirget smooth muscle relaxants like cimetropinm bromide, mebeverine (DUSPATAL®,
PUSPATALING, COLOFAC MR®, COLOYTAL®), ottloniam bromide foctilonmm),
pinaverinm (e.g Dicetel® {(pinaveriom bromide; Solvay 8. AL}l Spasfon® (hyvdrated
pirloroglucine! and rimethviphloreghicineland rimebuting (including trimebuting maleate
{(Modulon®}, antidepressants, inchuding but not limited to those Hsted herein, as well as tricyelic
antidepressants Hke amitriptyline (Elavil®y, desipraming (Norpramin®), imipraming
{Tofranl®), amoxapine (Asendin®), nortriptyline; the selective serotonin reuptake inhibitors
{SSRT) like paroxetine (Faxii®), fluoxetine (Prozac®), sertraline (Zoloft®), and citralopram
{Celexa®y; and others tike doxepin (Sinequan®) and trazodone {Desyrel®); cenirallv-ucting
analgesic agents such as opinid roceptor agonists, opioid receptor aagonists {e.g., naltrexoncy;
agernds for the treatment of Inflammatory howel discase; agents for the freatment of Crohn's
discase and/or ulcerative colitis {e.g., alequel {Enzo Biochem, Inc.; Farmingsale, NY'}, the anti-
wnflammatory polypeptide ROPSE {(Genryme, Ine.; Cambridge, MAY, and TRAFICET-ENT
{ChemoCentrys, Ine.; San Carlos, CA); agents that treat gastrointestinal or visceral pain; agents
that increase ¢GMP lovels {as deseribed in US20040121994) hike adrenergic recepior
antagonisis, dopandne receptor agonists and PDE {phosphodiesioragse) inkdbitors including but
not Himited o those disclosed herein; purgatives that draw fluids o the infestine {e.g.,
VISICOL®, a combination of sodium phosphate ronobasic monohydrate and sodium phasphaie
dibusic anhydrate);, Corticotropin Releasing Factor {CRF) recepior an tagoni sty (including NBI-
34041 (Newroorine Biosciences, San Diego, CA)Y, CRHS-41, astressin, R121919 (Janssen
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Pharmaceutica), CP154,5326, NBEI-27914, Antalarmin, DMPASG (Bristol-Mycers Sauibb) CP-
36, 3HE {(Phaer, Inc ), SBY23620 (G5K), GWET6008 (Nouroering/Glaxo Smith Kincl, ONO-
2333Ms (Ono Pharmaceuticals), TS-041 (Janssen), AAGS6T (Movartis) and those disclosed in
US 5,063,245, 1K 5,861,398, UIS20040224964, 1IR200401 98726, USZ00401 76400,
VIR200401 71607, USZOG40G1IORIS, US20040006066, and LIRZ0030209253); ghucagoen- like
polypeptides (glp-1) and analogues thereof (ucinding exendin-4 and GTP-010 (Gastrotech
Pharma A} and inhibitors of DPPIV {DPP-IV mediates the tnactivation of gip-1}; toflsepar,
enantiomerically-pure Retofisoparmn, and pharmaceutically-acceptable salts theveof (US
ZO3402295867; tricvelic anti-depressants of the dibenzothiazepine type inchuding but not imited
to Dextofisopamn® (Vela Pharmacenticals), tianeptine {(Stablon®} and other agents described in
LIS 6,683,072, (E3-4 (3 3bis(cvciohexyimethyiyl 2,34 ~ictrahydro-2,6-disno-SH-purin-&-
vijcinnanic acid nonacthyicns glycol methyl ether oster and related compounds described in WO
{2/G67942; the probiotic PROBAUTRIN® (The BioBalance Corporation; New York, NY)
which contains microorganiams usefil i the treatment of gastrointestinal disorders; antidiarcheal
drugs including but not limited to loperamide {Imodinm, Pepto Diarrhes), diphenoxylate with
atropine {Lomotil, Lomocot), cholestyramine (Questran, Cholybar), atropine {Co-FPhenotrope,
Prarsed, Diphenoxyiate, Lofens, Logen, Lonox, Vi-Airo, atropine sulfate injection} and
Xifaxan® (rifaximin; Salix Pharmaceuticals Lid), TZ2P-201{Tranzvime Pharma Ine.}, the
neurenal acotyicholine receptor (nACHR) blocker AGL-004 {AGH therapeutios), and bismuth
subsalicylate {Peoplo-bismed); anviolyviic drugs including but not Limited toAtivan (lorazopan),
alprazolam (Xanax®), chlordiszepoxide/clidininm (Librium®, Librax®), clonazepam
{Klonopin®}, clorazepate {(Tranvene®), diazepam {Valtium®), estazolam (FroSom®),
flurazepam {Dalmane®), oxazepam {Serax@}, pravepam {Centrax®}, temarepam { Restori®),
triazelam (Halcion®; Boedelix® {Montmoritionite beidellitie; Ipsen Ltd), Solvay SLY332
{ArCule Ing), YKP (8K Pharma), Asimadoline {Tioga PharmaceuticalsMerek), AGH-003 (AGE
Therapeutics); neurckinin antagonisis including those desceribed in USZ0060040450; potassium
channel moduolators including those deseribed in US7,002 .01 5; the serotonin modulator
AZEYI3TT {AstraZenccs Ploy, M3 muscarinio receptor antagonists such as darifenacin (Enabley;
Tovartis AG and zamifonacin (Pfizer); herbal and natural therapies inchuding but vot Hmdted to
aeidophilus, charoomile tea, evening primrose oil, fennel seeds,wormwood, comfrey, and

gompounds of Bao-H-Wan {(magoolol, honokiol, imperatorin, and isotmperaioring as in
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LIB6923992; and compositions comprising lyvsine and an anti-strese agent for the treatment of

wrritable bowel syndrome as desenibed 1o EPO 1550443,

Insulin and Insulin Modulating Agents

The GURA peptides deseribed herein can be used tn combination therapy with fnsulin
and related compounds inelnding primate, rodent, or rabbit menlin fnchnding blologically active
variants thereof inciuding alelic variants, more preferably buman insulin available in
recombinant form. Sowrces of human insulin include pharmaceutically acceptable and sterile
formulations such as those available from Bl Lilly {Indisnapolis, Ind. 462853 as Humulin®™
{(human insulin rDNA origin). See, the THE PHYRICIANT DESKE REFERENCE, 35 sapth Ed.
{2001 Medical Economies, Thomson Healthcare (disclosing other suitable human insuling).

The GURA peptides described horein can also be nsed in combination therapy with
agents that can boost insulin effects or levels of a subject upon administration, ey glipizide
and/or rosightazone. The polypeptides and agonistsdescribed herein can be used in
gombitherapy with 8YMLING (pramlintide acctate) and Exenatide® (synthetic exendin-4; a 39
aa polvpepiide).
Agents for the Treamment of Postoperative Heys

The GURA pepiides described herein can also be used in combinstion therspy with
agents {e.g., Enterog™ (alvimopen; formerly called ado loy’ ADL 8-206%8), conivapian and
related agents describe in US 6,045,959 used for the treatment of postoperative ilous and ather

disorderx.

The GCRA peptides described heretn can be used in combingtion therapy with an ardi-
hypertensive agent includiog but vot lmdted tor (1) divretics, such as thiazides, including
ghlorthalidone, chlorthiazide, dichiorophenamide, bydrofhurethiazide, indapamide, polvthiazide,
and hydrochlorothiazide; loop diuretics, such as bumetanide, cthacrynde acid, furosenude, and
torsernide; potassium sparing agents, such as anyloride, and triamderene; carbonic anhydrase

inhibitors, osmotics{such as glyceriny snd aldosterone antagonists, such s spavonolactone,

gpireneng, and the Bke: (2} beta~-adrenergio blockers such ss acebutolol, atenalol, betaxolol,
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bevandolol, bisoprolol, bopindolol, carteolol, carvedilol, coliprolol, csmolol, indenclol,
metaprolol, nadolol, nohivalol, ponbutolol, pindolel, propanolol, sotalol, tortatolol, shisclol, and
firnolol, and the like: (3) calenmmn channel blockers such as amlodipine, arantdipine, azelnidipine,
barmdiping, benidipine, bepridil, cinaldipine, clevidiping, diltlarzem, efonidipine, felodipineg,
gallopamil, sradipineg, lacidiping, lemildipine, lgrcanidipine, nicardipine, nifedipine, nilvadipine,
nimodepine, meoldipine, nitrendipine, mantdiping, pranidipine, and verapamil, and the Hke; (4)
angiotensin converting enzyme {ACE) inhibitors such as benazepril, captopril; ceranapril;
clazapril; delapril; enalapril; enalopril; fosinoprit; imidapril; Heinopnil; losinopril; moexipril;
guinapnl; quinapriiat; ramipril; perindopril; perindropnil; quanipril; spivapeil; tenocapril;
trandolapril, and zofencpril, and the Like; (3) nevtral endopeptidase inhibitors such as
omapatrilat, cadoxatril and ccadoiril, fosidetril, sampatrilat, AVETSEE, ER4034, and the like; {6)
cndothelin antagonists such as tczosentan, A3NEIHS, and YM6EZR99, and the like; (7
vasoditators such as hyvdralazine, clonidine, minoxidil, and nicotiny! aloohol, and the like; (&)
angiotensin H receptor antagonists such as aprosartan, candesartan, eprosartan, irbesartan,
{osartan, cimesartan, pratosartan, tasosarian, telmisartan, valsartan, and EXP-3137, FI6R28K,
and RNHE270, and the tike: (93 o/B adrenergic blockers such as nipradifol, arotinolol and
amosuialol, and the like: (10) alpha | blockers, such as ferazosin, urapidil, prazosin, tamsulosin,
bunazosin, trimazosin, doxarosin, naftopidil, indoramin, WHP 164, and XENOIO, and the like;
{11}y alpha 2 agonists such as lofexidine, Hameniding, moxoniding, rilmeniding and guanobenz,
and the bk {12y aldosterone infubisors, and the Hke; and (13) apgiopoictin-2 -binding sgonts
stich as those disclosed in WON3/030833. Specific anti-hypertensive agents that can be used in
combination with polypeptides and agonists described herein include, but are not Hinvted to:
diurctics, such as thiazides {e.g., chlorthalidone, cyclothiazide (CAN RN 2253-96-3),
chiorothiazide {{CAS RN 72956-09-3, which may be proparcd as discloscd in US280%194),
dichlorophenamide, hydrofiumerthiazide, indapamide, polythiaride, bendroflumethazide,
methyelothazide, polvthiazide, trichlormethazide, chlorthalidone, indapamide, metelazone,
gquinethazone, althiazide (CAS RIN 5588-16-9, which may be prepared as disclosed in British
Patent Mo, 302,6358), benathiazide {CAS RN 91-33-%, which may be prepared as disclosed in
US31080973, buthiazide (which may be prepared as disclosed in British Patert MNos. 861 367
and hydrochlorothiazide), toop diurctics {e.g. bumetanide, ethacrynic actd, furosemide, and
torasemide), potassivnn sparing agents (e.g. amitoride, and triamierens (CAS Number 396-01-
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O, and aldostorone antagonusts {e.g. spironalactons {CAS Number 52-01-73, epivencne, and the

fike); Bradronergic blockers such as Asuodarone (Cordarone, Pacerong), bunolo! hydrechdonde
{{_AS RN 31969-05-8, Parke-Davis), acebuiolo! (EN-{3-Acetyl-4-[2-hydroxy-3-[(
methylethyaminelpropoxyiphenvi]-butanamide, or (833 Acetyb A 2-hvdroxy -3+

{isopropylamine) propoxy] butyrantlide), acebutelol hvdrochloride {e.g. Sectral®, Wveth-

Averst), alprenclol hydrochioride (CAS RN 13707-88-3 see Netherlands Patent Application No.

6,605,692y, atenolol (e.g. Tenormin®, AstraZenecal, carteolol hvdrochloride (e Cartrol®
Fillmiab®, Abbott), Celiprofol hvdvochloride {CAS RN 37470-78-7, aleo see in US4034009;,
cetamolol hydrochioride (CAS RN 77590-95-5) see also US40396223, labetalol hyvdrochloride
{2.g. Normodyne®, Schering), esmolol hvdrochloride {e g Brovibloc®, Baxter), levobetaxolol

bvdrochloride {e.g. Betaxon™ Ophthalmic Suspension, Alcon}, levobunclo! hydrochloride (e

Betagan® Liguifiim® with C CAP® Compliance Cap, Allergan), nadolnl {e.g. Nadolol, Mylan},

practofol (CAS RN 6673-35-4, see also USZEGE3R7Y, proprancio! hydrochioride {CAS BN 315-
95-93, sotalol hvdrochioride {e.g. Beotapace AFT™ Rerlex), timolol {2-Fropaned, {1
dimethylothvhamino }-3-[{4-44-morpholinyl 31,2, 5-thiadiarol-3-vljoxyvi-, hemihydrate, (8-,
CAS RN 91524-16-2), timolol malgate {(S31 (1,1 -dimethviethvl) amino}-3-{{4- {4
morpholinyi-L2, 5-thiadiazof -3- vi] oxy-Z-propanol {£-2-butencdioate (§ 11} salt, CAS RN
26921.17.5), bisoprofel {2-Propancl, B4-{{2-(l-methvicthoxylethoxy bmethvifphenoxyi-3-1(1-
meth- viethyBamine]-, {+}), CAS RN 66722-44-9), bisaprolo! fumarate {(such as (x3-1-[4-1[2-{1-
Methyicthoxy} ethoxy jmethyllphenoxy - 3-[{b-methylethyBamino-2-propanct (£} -2
utenedioate (201} {salt), a2, Zobota™ | Lederle Consumers, nehivalol (2H-1-Benzopyran-2-
methanol, ar'-[iminobis{methviencibisf6-thinra-3 d-dibydro-, CAS RN 99200-09-6 sor alsn
L5, Pat. Mo, 4,654,362, cicloprolol hivdrochloride, sach 2-Propanol, 1-i4-]2-
{cyclopropyimethoxy iethoxy iphenoxy - 3-[ bmethylethyliamimo -, hydrochloride, A AS. BN
£36386-79-3), dexpropranclol hydrochioride (2-Propancl, {1 methylethy)-aming - 3-(1-
naphthalenvioxy-hydrochloride (CAS RN 13071-11-9), diaceiolol hydrochloride {Acctamide,
- 2-acetyi-4-12-hydroxy-2-[{methvi-ethyhaminopropoxyi [phenvll-, monochvdrochionide
CAS RN 69796-04-9}, dilevalol hydrochlonde (Benzamide, 2-hvdrony-3-[-hydrony-2-i-
methyl-3-phenyipropylaminojethyl}, monohydrochloride, CAS RN 73659-08-4), exaprolol
hydrochloride {2-Propanol, 1 -(Z-cyelohexyiphenoayy3 - [{ 1 -methylethyhamino] -,
hydrochioride CAS RN 39333-80-3), flestolol sulfate (Benzoie acid, 2-fhuro-,3-[12-
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{11} (salt),

N

[anunocarbonvlaming}- - dimethyvlethvljamine}-2-hvdroxypropy! ester, {+3- sulfaie
CAS RN 88844-73-9; metalol hydrochloride (Mothancsulfonamude, N-i4-[I-hydroxy-2-
{methviaminopropylishenvl]-, monchydrochloride CAS RN 7731-65-7}, metoprolol 2-
Propanol, HA-(2- methoxyethyliphenoxy b3 LmethylethyDhamine |~ CAS BN 3735(3-58-6),
metoprolol tartrate (such as 2-Propancl, B4 2-methoxyethviphenoxy -3-[{1-
methyiethviiaminel-, e.g., Lopressor®, Novartis}, parnatolol sulfate (Carbamic acid, [2-]4-]2-
hydroxy-3-{(1- methvilethvhaminofpropoxviinhenyil-eth yl}, methyl ester, () sulfate (salt) (2:1),
CAS RN 58954-41-7}, penbutelol subfate (2-Propanol, H(2-cvelopentviphenoxy3-3-[L1-
dimethyle- thyhamino] 1, (S), sulfate (2:1} (salt), CAS BN 38363-32-53, praciolol (Acetamide,
MN-f4-12- hydroay-3-[{-methvlethvDamino propoxy iphenyll, CAR BN 6673-35-4;) tiprenelol
hvdrochloride (Propanol, IH(l-methylethyDamino -3+ 2-{methvithioy-phenoxy -, hvdrochloride,
(), AS RN 39832-43-43, tolamaolol (Benzamide, 4-12-1{2-hydroxy-3-(2-methyiphenoxy -
pr-:;{;yi} amino] ethoxvli]-, CAS RN 38103618}, bopindolel, indenolel, pindolol, propanoclol,
tertatolol, and tilisolol and the like; calciam channgd blockers such as beavlate salt of amlodipine
{ench as 3-cthvi-S-methyb-2-(2-aminocthoxymethyl)-4-(2-chiorophenviy-l 4-dibvdro-f-methyl-

3, 5-pyridinedicarboxyiate benzenesulphonate, e, Norvasc®, Plizer), clentiazem maleate {1,5-

Benrothiazepin-4{5H y-one, 3-{acotyloxy-&-chloro-5-[ 2-{dimethylaminoethyi- 2, 3-dibvdro-2-
{d-methoxyphenyl-(28-cia}-, {Z3-2-butenedioate (1 11}, see also US4367195), ieradipine {3,5-
Pyridinedicarboxylic acid, 4-{4-benzofurazanyl)-Ld-dihydro-2 6-dirmethyl- methy! 1-
methylethyl ester, ()-44-bhensofurazanyi}- 1 4-dibydro-2 6-dimethyl-3 5 -

Q“‘)"‘V

pyridinedicarboxylate, see also US4466972 ), nimodiping (such as is isopropyl {2- methoxyethyl)
i, d- ditydro -2,6- dimethyl -4- Groirophenyl) -3.5- pyridine - dicarboxyiate, eg. Nimotop®,
Bavery, folodiping {such as othyl methyl 4-(2 3-dichiorophenyi}-14-dibydro-2,6-dimethyl-3,5-
vridincdicarboxylate- | e.g. Plondid® Hytended-Relesse, Astradoncea LP), nilvadipine {3,5-
Pyridinedicarboxylic acid, 2-cvang-Ld-dihyvdro-6-methyi-4-Geontiropheny - 3-methyl 5-(1-
methyiethyl) eater, also see US3799934), nifediving (such a3 3, 5 -pyridinedicarboxylic acid ],
dibydro-2 6-dimethyl-4-{2-nitrophenyl)-, dimethyl ester, ez, Procardia XL® Extended Release
Tablets, Plizery, dittiazers hydrochloride (such as L3-Benzothiazepin-4{5H-one 3-{acetvioxv)-
Si2-{dimocthylaminojethvl]-2,-3-dibhydro-2{4-methoxyphenyly-, monobydrochloride, (4)-cis., eg
Tiazac®, Forest), veraparail hydrochlonide (such as benzeneacetronitribe, {alphay-[3-1{2-(3.4-

dimethoxyphenyl) ethylnethylamine Jpropyl] -3 4-dimethoxy-(alpha)-{ 1 ~-methylethyl)
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hvdrochloride, e.g., loptin® SR, Knoll Labs}, teladipime hvdrachiornide (3.5-
Pyridincdicarboxyhic acid, 2-{{dimethvlammoimethy 4~ 2-1 (133~ Idimcthylothoxyi-3~or0- |-
propenyliphenyl}-L4-dikydro-S-methyl-, diethyl ester, monohydrochloride) CAS BN H8700-
$.3-4}, belfoadit (Phosphonie acid, {2-2-phenoxy ethyl}- 1,3 ~propane- diviibis-, tetrabutyl ester
CAS RN 183486-73-9}, fostedit (Phosphonic acid, [{4-(2-benzothiazotyvlphenyljmethyil-,
digthyl ester CAS RN 73889-62.2}, aranidiping, arelnidipine, bamidipine, bentdipine, bepridii,
cinaldipine, clevidiping, efonidipine, gallopamil, lacidipine, lemildipine, lercanidipine, monatepi!
maleate (1-Piperazinebutanamide, N(6, T ~dihvdrodibenzotb,edtbiepin- 11 -vl-{4-
fluorephenyly-, (4}, (Z3-2-butenedioate (1 11} (£3-MN-(6 1 L-Dihvdrodibenzo(h oythiep- in-d byi}4-
{p- fluorophenyi-l-pinerazinebatyramide maleate (1 11} CAR RN 132046-06-1), nicardiping,
miseldiping, nitrendipine, manidipine, pranidipine, and the like;, T-channel calcium antagonists
such as mibefradil; angiotensin converting cnzyvme {ALE) inhibitors such as benazepril,
penazepril hydrochloride (such as 3-f|I-{cthoxyearbonyli-3- phenvl( § S}-propyvijamine}-2.3

A Stetrahydro-2-0x0- 1 H - 1 «(3 Y»-benzazeping- | -acetic acid monchydrochioride, e.g.,
Lotrel®, Movartis), captoprii {such as {28} 3-mercapio-2- methvipropionyii-L-proling, e.g.,
Captopeil, Mylan, CAS RN 62571-86-2 and others disclosed in US404658K9), ceranapril (and
others disclosed in US4452790), cetapril (alacepril, Dainippon disclosed in Eur, Therap. Res.
39671 (1986, 40:343 {15¢0}), cilazapril (Hoffman-LaRoche) disclosed in J. Cardiovase,
Pharmacol @39 (1987), indalaprit (delapril hydrochloride (2H-1.2.4- Benzothizdiazine-7-
sulfonamide, 3-bicvelo2 2.1 Thep-5-cu-2-yi-6-chloro-3 d-dihvdro-, | 1- dioxide CAS RN 225%-
G6-33; disclosed in US4385031), enalapril (and others disclosed in US4374829), enalopril,
enaloprilat, fosinopril, {{such ag L-proline, d-cvelohexyl-I-{{{Z-methyi- I-{{-oxopropoxy)

propoxy {d-phenyitatyly phosphinyljacetyll-, sodium salt, .g., Monopril, Bristol-Myers bguibb
and others disclosed in UB4168267), fosinoprit sodium (L- Proling, 4-cyelohexyb-I-[JR)-[{15)-2-
methyl-1-(l-ox- apropoxyipropoxs, imidapril, indolapril {Schering, disclosed in J, Cardiovase.
Pharmacol, 5:643, 655 (1983}, Haivopril (Merck), losinopril, moexipril, moexipril hydrochioride
{3-Isoquinobinecarboxyhic acid, 2-{(28%-2-1[{iS) 1 -(ethorvearbony!}-3-phenvipropyliamine}- 1 ~
oxopropyli- - 2.3 d-tewrabydro-6,7-dimethoxy-, monohvdrochloride, (353 CAS RN 82586-52-
53, quinapnil, gquinaprilat, ramdpril (Hoechssty diselosed in BEP 79022 and Curr. Ther, Res. 40:74
{1986}, perindopril erburmine (such as 25,345,748 1 {5 p-N-{{S)- 1 -

Carboxybutvljalanyljhexahvdro®-indohnecarboxylic acid, 1 -ethyl ester, compound with tert-
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butvlamine {1 11}, eg., Accon®, Solvay), permdopril (Scrvier, disclosed m Bar, 1. clin.
Pharmacoel. 31 319 (1987}, gquangprtd (disclosed in US4344949), spiraprit (Schoering, disclosed
i Acta. Pharmacol Toxicol 38 (Supp. 33 173 {1986}, tenocapri], trandelapril, zofenoprit {and
others disclosed in US4316306), rentiapri! (fontiapri], disclosed in Clin, Exp. Pharmacol
Physiol, 19:13F (1983, piveprdl, Y8980, teprotide {Bradvkinin potentisior BPP9a CAS RN
35115607}, BRL 36,278 (Smith Kling Begcham, see EFRGR22 and EPSB66K), MC-838
{Chugai, see CA. 102:72583y and Jap. J. Pharmacol 40:373 (19863, CGS 14824 {Ciba-Geigy, 3~
{{I-ethoxyearboay-3-phenvi-{ISypropyifamine 123,45 tetrahydre-2-05~ 0-1-(38 }-henzazepine-1
acetic actd HUY, see UK. Patent No, 21036143, CGS 16,617 (Ciba- Gegy, 35118 -5-amino-1-
carboxypentyllaming 2.3 4 - S-etrahydro-2-ono-H-b benzazepine- eethanoic acid, see
1I84473575), BRu 44570 {Hocchst, sce ArzncimitteHorschung 34:1254 (1945)), R 312201
{(Hoffman-LaRoche sce FEBS Lett, 165201 (39843, (71925 (Pharmacologist 26:243, 266
{1984y, WY-44221 (Wyeth, see b, Med, Cham, 26:394 (1983 %), and those disciosed in
USZH034006922 (poragraph 28}, US4337201, UN4432971 {phosphonamidates), neutral
endopeptidase inhibitors such as omapatrilat (Vanlevi®), OG5 35448, cadoxatril and ecadotril,
fagidotril {also known as aladotril or alatrioprily, sampatriiat, mixanpril, and gemopatrilat,
AVET6RS, ER4G39, and those disclosed in USS362727, USS366973, LIB5225401, 1184722814,
USS223516, US4AT496R, USSS52397, USSS04080, 1155612359, LIR5525723, EP(599444,
EPO4RISDD, EPOA0G444, EP(G55a10, EPOS34363, EPS334396, EP534492 EPO629627;
endethebin antagonists such as tezosentan, A30RIAS, and YME2Z899, and the Hke; vasodilators
such as hydralazine (apresoline), clonudine {cloniding hydrochinride (1 H-Imidazol- 2-aminc, N-
{2 f-dichlorophenyhid S5-dihvdro-, monchydrochioride CAS RN 4205-91-8), catapres, minaxidil
{loniten), nicotiny! alocho! {rontacoly, diltiazem hydrochloride (such as 1,5~ Benzothiazepin-

M SH yone, 3-(acctylosy 52 -{dimcthviamine jothyl}-2,-3-dibydro-2{4- methoxyphenyly-,
monchydrochloride, {+)-cis, e.2., Tiazac®, Forest), isnsorbide dintirate {such as 1.4:3,6-
Stanhydre-D-glueitol 2,5-dindtrate 2., IBordil® Tiiradose®, Wyeth- Ayerst), sosorbide
mononitraie (sach as 1,4:3,6-dianhydro-D-glucito- 1,5-weirate, an organic nifrate, e.z., lsmo®,
Wyeth-Averst), nitroglyeerin (such as 2,3 propanetriel rindtrate, e.g., Mitrostat® Parke- Davis),
verapanil bydrochloride {such a3 benzencacetontirile, E-(alphad3-[[2-(3,4 dimethoxypheny
Dethyvlimethvlamino Jpropyl] -3 4-dimethoxy-(alpha}- (1 -methylethyl) hydrochlonde, e.g.,

Covera HS® Extended-Release, Scarle), chromonar (which may be prepared as disclosed in
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VIR32K2938). clonitate {Ammalen 1R70 155}, droprendlamine (which may be prepared as disclosed
o DRE2521113), Rdoflazine (which may be propared as disclosed i UR3267 104, pronviammne
{which may be prepared as disclosed i US3 152173}, propatvl nitrate (which may be prepared as
disciosed in French Patent No. 1,103,113}, micflazine hvdrochloride {1 -Piperazincacstamide, 3~
{aminocarbonviy-{4,4-bis{d-fhuorophenyDbuiyl N2 6+ dichlorophenyl)-, dihvdrechlonde CAS
RN B3898-67-3), mixiding {Benrencethanaming, 3.4~ dimethoxy-N-{-methyl-2-
pyreotidinylidene)- Pyreoliding, 2-[(3 4-dimethoxyphencthyDiminol 1 -methyl- BMethyvB 2~ [(3,
d-dimethoxyphencthviliminofpyrrolidine CAS RN 27737-3%8-8), mokidomine (1,2,3-
Urgadiazoliom, S-[{ethoxvearbonylamino |-3-{4-morpholinyi}~, mner salt CAS RN 23717-86-0},
isosorbide monenitrate {D-Ghctiol, L4:3 6-dianhydro-, S-nitrate TAS BN 16051-.77-73,
erythrity] tetranitraie {1,2,3.4-Butanstctrol, tetranitrate, (ZR 38kral-CAS BN 7297-25-8).
clonitrate(],2-Propanediol, 3-chloro-, dinitrate (7CI, 81, 901 CAS RN 2612-33-1 3,
dipyridamole Ethanol, 2,2°.2" 2" [{4 8-di-bpiperidinvipyrinidol 5 4-dipyrimidine-2.6-
divhidinitriio ftetrakis- CAS KM 38-32-2}, nicorand:l {UAS BN 63141460 3.3,
pyridinecarboxamide (N-[2-{nitrooxyethyii-Nisoldipine 3, 5-Pyridingdicarboxylic acid, 1.4~
dilivdro-2,6-dimethyl-4-{(2-nitrophenviy-, methvl 2-methylpropy! ester CAS RN 038757293,
nifedipine3, S-Fyridinedicarboxyiic acid, LA-dibvdro-2,6-dimethyl-4-(Z-nirophenvi}-, dimethyl
gater CAS BN 21829-25-4}, perhexiline maleate (Piperidine, 2-(2 2-dicyclohexylethy)-, (2732~
butenedioate {1 113 CAS RN 6724-33-4y, oxpronolol hydrochloride (2-Propanol, 1-f(1-
methylethyDamino|-3-f 2-{Z-propenyioxy yphenoxy |-, hydrochloride CAS RN 6452-73-93,
pentrintirel {1,3-Propancdisl, 2.2-bisf{nitrooxyymethyl]-, mononitrate (cstor) CAS RN 1687-17-
631, verapamit {Benzencacetomitrile, g-i3-1{2-03 4d-dimethoxyphenyiiethvll- methviaminolpropyil-
3, 4-diracthoxy-a-{ -methyicthyi} CAS BN 52-53-%) and the like; angiotensin 1 receptor
antagonists such as, aprosartan, zolasartan, olrocsartan, pratosarian, FI6RZRK, RNHE270,
candesartan {1 H-Benzimidazole-7-carborylic acid, Z-ethoxy - 1-{{2'-(IH tetrazal-S-y DL
biphenyijd-ylimethyll- CAS RN 1324681-59-7), candesartan cilexeti] {{(+/-}-1-
{cvclohexyicarbonvioxyjethyt-2-ethoxy - 2-(1H-teirazol-5-vihipbenyb-4-yi}-H-benzimidazols
carboxylate, CAS RN 145040-37-5, USSTO31 10 and US5196444), eprosartan (3-1-4-
carboxyphenvimethviy-2-n-butyl-imidazol-5-v1}-{Z-thienvimethyl) propencic acid, USS185351
and US36350630), itbesarian (2-n-butyl-3- [{2-(th-tetrazol-5-yhibiphenyvi-d-ylmoothyl] 13-

diazazspivold Anon-lened-one, USA270317 and USA352788), losartan (2-N-butyl-d-chloro-5-
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hvdroxymethy - 2-{H-tetrazol-5-yDibiphenvi-4-vl-mocthvl imidazole, potassiinm salt,
USSI34069, USSIS3197 and USS1 28355}, tasosartan {5, 8-dihydro-2 4-dimcthyl-5-{{2'-(1H-
etrazol-S-y D Le-biphenyli4-vimnethyl-pyrido] 2, 3-dipyrimidin- 76 H-one, USS5149699),
telmisartan {(4-[{1 A-dimethy-2propy 2.6 b -bonwimidazeibryD- 1, 1 biphenyl}-2-
carbogylic acid, CAS RN 144701-4&-4, 183591762}, milfacartan, abilesarian, valsartan
{Diovan® {(Novartig}, (SpNevalerybN-[[2-{{H-tetrazol-S-yDibiphenyvi-d-yDmethyljvaling,
LIRB369378), BEXP-3137 (2-N-boiyl-d-chloro-3-[(2-{1H~tetrazol-S-y Dibiphenyl-d-y -
methylHmidazole-S-carboxvlic acid, USSI38069, US5153197 and USSI2R335), 3«2 tetrazol-
SvipLe-biphen-d-vhmethyl-S 7-dimethyl-2-cthyl-3H-imidazoi4,5-bipyridive, 4'{2-ethyl-d-
methyl-6-(5,6,7 B-tetrabydroumudazo|l 2-alpyridin-2-yl -benzimidazob by Hemethyi-L -
biphenyl}-2- carboxylic acid, 2-butyl-6-{l-methoxyv-l-methvicthvi-2-1 2 H-tctrazol-5-
vitbiphenyl-d-vimethyl] guinazolin-d(3i)-one, 3 - [2 " -carboxybiphenyb-4-vimethyl] -2~
cyclopropyl-7-methyl- SH-imidazol4,5-blpyridine, 2-butyl-d-chloro- {2 -tetrazo -5~
vitbiphenyl-d-vhmethyl imidazoie-carboxylic acid, 2-butyl-d-chiore-i-[{2-(IH-tetrazal-5- vl { |
, 1 -biphenyl] ~4eviimethyvil 1 Heimidazole-5 ~carboxylic acid- | -(sthoxyearbonyl-oxyiothyl
eater potassimm salt, dipotassium 2-butyi-4-{methyithio} - [12-{{{{propylaminecarbonvijamine |-

salfonyiji(Li “biphenyi-4-viimethyl]l Heimidazole-5 -carboxylate, methyi-2-{{4-burvi-2-

methyl-6-0x0-3-[[ 2 -{iH-tetrazol-S-y {11 “bipheny!i-- v (6H ) pyrimidinylmethyil-

3-thiophencarboxylate, 5-1(3,5-dibuiyi-1H- 12 d-triazol-l-yDimethyl}-2-[2- { 1 H-tetrazaol-5 -
yviphenyDijpyridine, f-butyl-2-{2-phenylethyly-5 [[2-(F H-tetrazol-5 v 1.1 - biphenyli-4
methylipyrimidin-4-{3H-onc 3L lysine salt, S-methvl-7-n-propyl-8-[12"-(1H- tetrazol-5-
yihiphooybd-ylimethyl}-] 1 .2 4-tmazolo] | 5-clpyronddin-2(3H-one, 2.7 -dicthyl-5- {{1-(5-
ctrazolybiphenyi-d-vlmethyl}-5H-pyrazolofl, 5-biiL2 4 iriazole potassium salt, 2-12- butylb-4.5-
dilivdro-d-ox0-3- 2'-{ iH-totrazol-5-vi-4-biphenylmethyl}-3H-mmidazoif4,5- ¢jpyriding-5-
vimethylibenzoic acid, ethyl estor, potassium salt, 3-methoxy-2.6-dimethyl-4- {E2'(1H‘-tctrazoi--5--
vi-L “bivhenvil-4-vikonethoxyvipyridine, 2-cthoxy-1-[2'(§-08a-2,5-dibydro- 1 2 4-axadiazol-3 -
vhbiphenvi-d-vifmetiyl] - 1 H-benzimidarole-7-carboxylic acid, | - [N~2 " ~{ 1 H- tetrazol-3-
yvhbiphenyl-d-vi-methyvl-N-valerolviamiomethyliovelopentane- 1 -carbaxylic acid, 7- methyl-
Inepropyl-3-TT2 HH-terrazol-S-vhbiphenvi-4-vimethyi]-3H-imdazoi4, 5-0 pyridine, 2- [5-[(2-
ethyl-3,7-dimethyl-3H-imdazo[4,5-blpyridine-3-y Dmcthyl]- 2 -quinolinvljsedium benzoate, 2-

buty-6-chloro-4-hydroxymethyl-3 -methyi-3 -[{2°-(0 H-tetrazol-5 ~yDibiphenyl-4-
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vipmethylpyridine, 2~ [ [[2-butvl- § - {( 4-—(:3{%307;vphmwi}msth3/1} ~ 1 Hoimidazol-5 -
vimethyllamine jbenzoie acud totrazol-5~vhbipheoyi-4-vimethvl jpyrimidin-d-one, 4(8) {4~
{carboxymethyviphenoxy FN-[2(R)-[4-Z-sulfobenzamidomidazol- 1 -vijocianoyl]-L-proling, |
- {2 6-dimethyipheny-4-batyl-1 3-dibvydre-3-{ 8- [ 2 IFietrazol-S-y Diphenyi |- 3-
pyridinylimethy - 2H-imidazob-Z-0ne, 5 &ethano-3 | 3-dimethyl-Z-n-propyb3 6.7, 8-tetrabydro-
t - 12 Hetrarol-S3-vUbipheny b d-ylimethy | H 4H-1 3 4a Ea-tetrazacyclopentanaphthalene-9-
one, 4-[1-]2°41,2 3 d-tetrazel-S-yDibiphen-4~-yvhmethviaming |- 5,6,7 B-tetrabvdrg-2-
rifyiquinazolineg, Z2-(2~-chlorobenzoyDimivo-S-ethyl-3- 20 H-tetrazoie-5-viibiphenyi-4-
yhmethyld, 3 dthiadiavoline, 2-15-ethy -3 2o(IH~tetrazole-S-ylibiphenyvl-d-vi methyl1 3 4-
thiazoiine-2-yhdenelaminocarbonyi-lcyelopentencarbosylio acid dipotassinrn salt, and 2-batyl-
4ol Nemothyl-MN-3 -methyvlcrotonovilamino} - 1 - [ {2 7 -{ 1 H-tetrazol-5 ~yhbiphenyl-d-
vijmethyij I H- imidzole-5 ~carboxylic acid 1~eth«:;xycarbonyioxycthyi cster, those disclosed in
patent publications EP475206, EP497150, EPS39086, EP539713, EPS35463, EPS35465,
EPS42050, EP4STIZE, EPS35420, EP4QT342, EP415886, EP4Z4317, EP435827, EP433953,
FP4T589R, EP4SOR20, BPS28762, EPR24377, EP323841, BP420237 BPSO0297, EP426021,
EP4RG204, EP429257, EPA3070%9, EP434240 FP446067, EPSOSQS4, EP324217, EP314197,
EPS14198, EPS14193 EP514192, EP450566, EPAGRIT2 BEP4R5929, BPSO3162, EP53305%,

EP467207 EP3SQT3E, EP399732, EP412848, EP4S3210, EP456442, BP4T0794, ERP4TRTRS,
EP495626, EPASS62T, EF4utdld EP490416, EP490415 EPS11791, EPS16392, EPS20723,

EP320724, EP530066, EP43SS6S, EPSH5893, EPS30702, EPA0OS3S, BP40GS74, EP40I030,
EP4O7102 EP411766, EP409337 EP412504 EP412048, EP420059, EP4R1614 EP4905E7,
EPA6TTIS, EP4T779, EPSO2T25, BEPSO3E3E, EPSOSNGR, EPANATTT HPS13,970 ERPSGT5M,
EPSIO81Z, EP311767, EPS12675, EPS12676, EPSI2870, BEPS1T357, EPS37037, EP534706,
EPS27534, EP540356, EP461040, EPS4003Y, EP4A53aR, EP4ORT23, EP4RETI2, EP4SR721,
EPS15265, EP303785, EPSOLESE, EPSIOR3L, EPS32410, EP40R36E, EP432737. EPSG488
EP3083%3, EF3GR445 FP40315%, EP403152, EP425211, FP427463, BP437103, EP4R144EK,
EP4RRS32, EP30126%, EPS00409, EPS40400, EPQOSS28, BEPOIER34, HPH2KEI3, EP411507,
EP4253921, EP430300, FP434038, EP442473, EP443568, EP44581 1, EP439136, EP4R36K83,
EPSIR033, BFP320423, BPS3127s, EPS31874, EP392317, BP468470, BEP470543, EP3(2314,
EP3297253, EP5343263, EPS40209, EP4496%9, EP465323, EPA21768, BEP4153%4, WO92/14468,
WORGA1TH, WOO3/0REA0, WOST/00277, WOBT/O0281, WOB /14367, WORI/B0667,
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WORZAANGTT WORLZO342, WORSDA045, WOS3/04046, WOS/15206, WO92/14714,
WOS2AB6O0, WOG/6552, WOS3/05025, WOS3/0301K, WORH/TA04, WOUZ/U2508,
WOUZARER WOBH19697, WOOUTIG00, WOSI/12001, WOSH LIRS, WO91/15209,

WORT/1S479, WOS2/206R87, W92/20062, WO92/20661, WOS3/G1177, WO91/14679,
WOG/3063, WOZ/13564, WOOT/ETI4E, WOST/IEREE, WOSI/18715, WO92/02257,

WOR2/04335, WOS2/05 161, WOGZ/O7KE2, WO92Z/15577, WO93/03023, WO91/16313,
WO2Z/00068, WO92/02510, WOOZ/H0LTE, WORRT0179, WO92/101840, WOS2/1(1 86,
WORRGIRE, WOS2/10087, WOS2/10183, WOSZ/10182Z, WOS2/10187, WOS2/10184,
WO9ZA018E, WOS2/101 80, WOOZ/IG18S, WO02/20651, WOS3/03722, WO93/06K2K,
WOR3/3040, WOS2/19211, WOS2/22533, WOSZ/0608T, WON2/05784, WHUI/HI341
WOGZ2/04343, WOOZ/BA059, USSIN4RT7, USS1ET168, UBS140698, USS185340, US4RROR04,
USSI3806%, UB4916129 USSIS3T97, US51734%4 1155137906, UUS5155126, US5140037,
LISS137902, USST57026, USSHS3329, USSI32216, USSISTE2Z, UBSIG6586, UBSONS626,
USS349565, UBSGRTTOL, UBSE24335, USSTO2RRG, UISSI28327, LIN5151435, LIS5202322,
LISS187159, US5198438, USS182288, USS36048, USH140436, USS087634, UB5196537

USS153347, USSISIORG, USSIO0042, USSTTT007 1LIB5212177, LIR5208234, LIB5208235,
LISS212195, UNS130439, USS045540, USS041152, and USS210204, and pharmaceutically

acceptabie salts and esters thereof, o/ adrepergic blockers such as nipradifol, arotinolo],
amosutalol, bretyHum tosylaie (CAS BN 61.75-6), dihvdroorgiamine mesylate {such as
ergctaman-3, 61 8-trione,? -1 8-dihvidro-12-hy droxy -2 -methyvi-5'-(phemylmethy - (5,
moncmcthancsuifonate, ez, DHE 45® Injection, Movartis}, carvedilol (such as (z3-1-{Carbazol-
d-yloxy 3-{[2-{o-mathoxyphenoxy lethyl] amine] -2-propanci, e.n., Coreg®, SmithKline
Beccham), labetalo! (such as 5-|Fhydroxy-2-{{(methyvi-3-phenyipropyl) aming}
cthvlisalicylamide monohydrochloride, 2.g., Mormodync®, Schoring), brotvhium tosylate
{Benrensmethanaminium, 2-bromo-M-othyl-N N-dimethvl-, salt with 4-methyibenrenesulionic
acid (1113 CAS RN 61-75-6}, phentolamine mesylate {Pheool, 3-[{4.5-dibydro-1H-imidarol-2-
vhmethyii{d-methviphenyDamino]-, monemethanesoifonate (salt) CAS RN 65-28-1},
solvperting tarirate (3H-13-Dioxclol4,5-flindole, 7-[2-[4-{Z-methoyphenyi-i-
piperazinyviiethyll-, (2R 3R-2,3-dibydroxybatanedioate {1 (1) CAS RN 5591-43-53, zolerine
hydrochloride {Piperazine, Fphenyld-[2-(iH~etrarol-3-yvhethyll-, monohydrochloride (RCH 9CH
CAS RN 7241-94-3) and the Like; o adrenergio receptor blockers, such as alfazosin (CAS RN
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§14403-68-1), terarosin, urapudi, prazc-sin {Minipress®), tamsulesin, bunazosin, trimazosin,
doxavosin, valtopidil, indoramin, WHP 164, XENOIO, fonspinide hydrochloride (which may be
prepared as disclosed in US3382182), proroxan {CAS RN 33743-96-3), and labetalol
hydrochioride and combinations thereof; o 2 agonists such as methyidopa, methyvidepa HCL,
lefexidne, tamenidine, moxonidine, rilmenidine, goanobenz, and the Hke; aldosterone

/

frhirhitors, and the like: renin inhibitors including Aliskiren {(SPPIOC; MNovartis/Speedel};
angiopoictin-2-binding agents such as those disclosed in WOO3I/030833; anti-angina agents such
as ranoiazine (hydrochloride T-Piperazineacetamide, N-{2,6~ dimethyiphenvi-4-]2-hydroxy-3-
{Z-methoxyphenoxyypropyl]-, dihvdvochloride CAS BN 95833 56-0), betaxolol hvdrochloride
(2-Propanol, M4-{2 {evciopropyimethoxyicthviiphenoxy 3-3-[(3- methviethvDamine ],
hvdrochloride CAS BN 63639-19-8), butoprozine hvdrochloride (Methanone, {4-
{3{dibutylamine ypropoxyiphenyt i 2-ethyl-3-indolizinvi}-, monohydrochloride CAS RN 62134-
34-3), cinepazet maleatel-Piperazingaceiic acid, 4-f-0x0-3-{3,4.5- trimethoxyphenyi}-2-
propenyil-, othyl ester, (223 -2-butenedicate {1 11} CAS BN 30679-07-7), tosifen
{Benrencsulfonamids, 4-methyb-N-[{{{I5 - l-methyl-Z-phenvicthvllamincjcarbonyii- CAN BN
32295184, verapamithydrochloride (Benzeneacetonitrile, o f3-{{2-(3,4-

dimethoxyphenviethvlimethviaminojpropyi]-3 4-dimethoxy-o-( T -methyicthyi)-,

monshydrochioride CAS RN 152-114), molsidomine {1,2 3-Oxadiazoliom, 5-
{{ethoxycurbonyBamino I-3-(d-morpholiny -, inner salt CAS RN 258717-20-03, and ranclazine
hydrochloride (1 -Piperazineasetamide, N-{2 d-dirsethyliphenyli-[2-hydroxy-3-2-meth-
oxyvphenoxypropyi]-, dihydrochloride CAS BN 93635-530-0}; tostfon {Benzenosulfonamide, 4-
methyl-M-{ S --methyl-2-phenylethyljammojoarhomyvil CAS RN 32295-184); sdrenergic
stimulants such as guantacine hvdrochlornide (such gs Neamiding-2-{2,6-dichlorophenyi}
acctamide hydrochloride, ¢.g., Tenox® Tablets avatlable from Rebins)y, mothyldopa-
hydrochlorothiozide (such as leve-3-(3.4-dihydroxypheny}-2-methylalaning} combined with
Hydrochlorothiazide {such as 6-chlore-3,4-dihvdro-2H -1, 2 4-bonzothiadiazineg-7- sultonanude
1, 1-diexide, e.g., the combination as, e.g., Aldortd® Tablets available from Merck), methyidopa-
chlorothiazide ( stch as H-chiore-2H-1, '2,-4~benzf;»?hjadi azine-7-sulfonamide 1, 1-dioxide and

methyidopa as desertbed above, e, Aldoclor®, Merck), clontdine hyvdrochloride (such as 2-

Ci"

{2 G-dichlorophenviaminoi-2-imidarzoling hydrochlornde and chlorthalidone (such as 2-chlore-3-

{I-hydroxy-3-oxo-isoindolinyl} benzenesultonamdde), e.g., Combipres®, Bochringer
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gelhoimy, clonwdine hvdrochlonide (such as 2-(2,6-dichlorophenylamino)-2-imidazoline
hydrochdoride, e g, Catapres®, Bochringer Ingelheim), clowsdme (HH-tmidazol-2Z-amine, N-(2,6-
dichlorophenyl4,S-dibydro-CAS RN 4205-34-7), Hyzaar (Merck; a combination of losartan and
hydrochiorpthiazide}, Co-Dilovan {Novartis; a combination of valsartan and hvdrochlorothiazide,
Lotrel (Novartis; a combination of benazepri and amlodipine} and Caduet (Ffizer; a combination

of amdodipine and alorvastating, and those agents disclosed in US2003006922

Agents Jor the Treatment of Respivatory Disorders

The GCRA peptides described herein can be used in combination therapy with one or
maore of the following agents useful in the treatment of respiratory and other disorders including
bt not bmited to: { 1 3 B-agonists including but not limited 1o albuterol (PRO VENTIL® | 8
ALBUT AMUOI® | VENTOLIN®}, bambuterol, bitotors], clenbuterol, fonotorol, Tormaoterol,
isoctharine (BRONKOSOLE, BRONKOMETER®), metaproterono! (ALUPENTE
METAPREL®Y, pirbuterol (MAXAIRE), reproterol, rimiterol, salmeterel, terbutaline
{BRETHAIRE®, BRETHINE®R, BRICANYL®), adrenalin, isoproterenst (JSUPREL®),
gpingphring bitartrate (PRIMATENE®), ophadrine, orcipronling, fonoters! and isoetharine; {2}
stereids, including but not imited to beclomethasone, beclomethasone dipropicnate,
betamethasone, budesonide, buncdoside, btixocort, dexamethasone, flunisolide, fluocortin,
fluticasone, hydrocortisone, methyl prednisone, mometasone, predonisolone, predenisone,
tinredane, tixocorial, triameinclone, ard triameincione acvtonide; {3y BZ-agonist-corticosteroid
combinations {e.2., salmeterol-fluticasone (AD V AIRE), formoterol-budesonid (5
YIMBICORTEY] ; 4y loukotrions D4 receptor antagonists/lonkotrione antagonisis/L T4
antagonists 1,0, any compround that 15 capable of blocking, inhibiting, reducing or gtherwise
wmnterrupting the interaction between Ionkoiriencs and the Cys L' reeoptory inchuding but not
fimited to: zafluukest, montelukast, montelokast sodium (SINGULAIR®R). praniukast, iralukast,

pobilukast, 3KB- 106,203 and cormopounds described as haviog LTD4 antagonizing activity

described in UR. Patont Mo, 5,565,473; (5} § -lipoxygenase inhibitors and/or fenkotrione
binsynthesis inhibiiors [e.z., zilenion and BAY 1005 (CA registry 128253-31-61]; (6} histaming
Hi receptor antagonisis/antihisiamines {L.e., any compound that i3 capable of blocking, inhibiting,
reducing or otherwise oterrupting the interaction between histarnine and its recepior) includmy
ut not Hmated o0 astemizole, acrivastine, antaroling, azatading, azelasting, astamizole
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bromopheniraniine, bromopheniramine maleate, carbinoxanune, carcbastine, cotirizing,
chlorpheniraming, chlorophoniraming malcate, cimetidine clemasting, eychzing, cyprohepiading,
descarboethoxyioratadine, dexchlorpheniraming, dimethindens, diphenhydramine,
diphenyipyraline, doxviamine suceinate, doxylarnine, ehastine, effetirizive, epinasting,
fametidine, foxofenading, bvdroxyane, hydroxvzine, ketotifen, levocabastine, levocenrizine,
levocetirizine, lovatadine, meclizine, mepyvraming, mequitazine, methdilazine, mianserin,
mizolasting, noberasting, norasternizole, noraziemizole, phenindamine, pheniraming, picurnast,
promethazine, pynlamine, pyrilamine, ranitidine, fewelastine, terfenadine, rimeprazine,
ripelenamine, and triprofidine: (73 an anticholinergic including bat not Hmited {o: atropine,

benztroping, biperiden, flutropium, hyoscoyamine {e.g. Lovsin®; Levhid®; Levein/SL®,

Anaspaz®, Lovsinex timecaps®, NuLov®), ilutropinm, ipratropitm, ipratropium bromide,
methscopelamine, oxybutinin, rispenzepine, scopolaming, and tiotropium: (8} an anti-fussive
inclhuding but not limited to: dextromethorphan, codeine, and hydromorphone; {9} a decongestant
including bt not mited to: pacudoephedrine and phenvipropanolamine: (10} an expectorant
including but not timited to; guafenesin, guaicolsnifate, terpin, ammonium chioride, glycercd
zuaicolate, and lodinated glycerol; (11} a bronchodilator including but not Hmited o
theophyiline and aminophylline; (12} an anti-inflammatory inchiding but not limited fo;
fluriviprofen, diclophenac, indomethacin, ketoprofen, S-ketroprophen, tenoxicam; (13} a PDE
{phosphodiesterase} inhibitor including but not Hoited 1o those disclosed herein: {14y 2
recorabinant homanized monoclonal antibody {2 ¢ xolair (also called omalizumaby, riuMab, and
talizamabl; (151 a humanized hung surfactant including recombinant forms of surfactant protoing
SP-B, SP-C or SP-D2 {eg. SHURFAXING, formerly known as deo- 104 (Discovery Laboratorics),
{16} agents that inhubit epithelial sodium chanoels (ENa{) such as anuloride and related
compeunds; {17) antimicrobial agents used to treat pulmonary infoctions such as acyclovir,
amikacin, amoxicillin, doxveycling, trimethoprin sulfamethoxazole, amyphotericin B,
azithromyein, clartthroniyom, roxubromycin, clarithrorayein, cophalosporinst cotfoxitin,
ofmetazole ote}, ciprofioracin, ethambuiol, gentimvein, ganciclovir, imdpenemy, isoniazid,
traconarole, penicittin, ribavirin, rifampin, rifabutin,amantadine, nimantidine, streptomyoin,
tobramyein, and vancomyein; {18 agenis that activate chloride secrction throngh Cat+
dependent chloride chammels {such as purinergic receptor (P2Y{2) agonists); {19} agents that

decrease sputum viscosity, such as buman reeombinant DNase 1, (Polmozyme®), {203
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nonsteroidal anti-inflanunatory agents (acemetacin, acctarmnophen, acetyl salicvlic acid,
alelofonae, almunoprofon, apazone, aspinin, bonoxaprofon, bezpiperylon, bucloxic acid,
carprofen, clidanac, diclofonac, diclofenac, diflunisal, diftusingl, stodolac, fenbufen, fenbufen,
fenclofenae, fonclozic acid, fonoprefen, fentiazac, feprazone, futenamic acid, Mufenisal,
flufenisal, fluprofen, fhurbiprofen, flurbiprofen, furefenac, ibufenac, ibuprofen, indomethacin,
indomethacin, indoprofen, fsoxepae, isoxicam, ketoprofen, ketoprofen, ketorolac, meclofenamic
acid, meclofenamic acid, mefenamic acid, mefenamic acid, miroprofen, mofebntazone,
nabumetone oxaprozin, naproxen, naproxen, niftumic acid | oxaprozin, oxpinac,
oxvphenbulazoue, phenacelin, phenyibutlazone, phenylbutazone, piroxicam, piroxicam,
pirprofen, pranoprofen, sudokicam, tenoxican, sulfasalazine, selindac, sulindac, suprofen,
fiaprofonic acid, tiopinac, tioxaprofen, tolfenamic acid, tolmetin, tolmetin, zidometacin,
zomepirac, and zomepirac); and {21} acrosolized antioxidant therapeutics such as S-

Nitrosoghutathione,

Anti-obesite agents

The GURA peptides deseribed herein can be used in combination therapy with an anti-
obesity agent. Suitable such agents include, bue are not Hmited to: 13 HSEE (3 1-beta hydroxy
steroid debydrogenase type 1) inhibitors, such as BY'T 3495, BVT 2733, 3-(l-adamaniyij-4-
cthyl-5-{zthylthio}- 4H-12 d-trizzole, 3-(-adamanty1}-5-(3,4,5- trimethoxyphenyly-4-methyi-4H-
L2 depriazode, 3- adamantanyl-4,3,6,7.8.9,10,11 12 3a- decahydro-1 2 4-triwrolold 3-alfl
Hannnlene, and those compounds diselosed in WOR/O0091, WO /90090, W00 1/90092 and
WOURAT2084; SHT antagonists such as those in WODR/N3787Y, WOOS/GR7887, and the ke
5HTla modulators such as carbidopa, benscerazude and those disclosed in US620764949,
WOU3/031459, and the hike; SHT2¢ (scrotonin rogepior 2¢) agonists, such as BY 1933,
DPOCAITZIS K264, PNU 22394, WAY 61303, R-10065, 58 243213 {Glaxo Smith Kling) and
Y 348 and those disclosed in US3914250, WOOH/77010, WOUGL/36596, WONI/Z124,
WOORA016S, WOT/A654R, WOG2/44152, WOO2/51844, WOGZ/40456, and WON2/40457;
SHTS receptor modulators, such as those in WOO3/A30901, WO03/035061, WO03/039547, and
the ke acyl-esirogers, such as oleovi-csirone, disclosed 1 del Mar-Grasa, M. ot al, Obesity
Research, 9:202-9 {2001) and Japanese Paterg Application No. JP 20002561 90; anorectic

bicyclic compounds such as 1426 (Aventisy and 1954 {Aventis), and the compounds disclosed in
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WOUYTRTA9, WOGLA2638, WOOL/62740, WOBL/62747, and WOOY/D15T769, CR

{cannabinoid-1 receptor) antagonist/inverse agonisis such as rimonabant LA complia; Sanofi), SR-

47778 {Sanofl), SR-141716 (Sanofi), BAY 65-2520 (Bayer), and SLV 319 {Solvay}, and those

disclosed in patent publications USAS73887, USSH13837, USSHRIIZ2, UUSSTI2R2G, 1ISS292736,

UIRB332237, UR5624941, UUSo0Z8084, USSAN9367, USE309367, WOB6/33158, WOS7/28079,
WOORSZI227, WOSK/33765, WOSK/37001, WO9E/41519, WOSE/42635, WO98/43636,
WOF02499, WORYT0967, WOBG/I0968, WOST/DR120, WO01/SBRES, WO01/64632,
WON/64635, WOB1/64634, WO ;‘”707(3(37 WOGE/96336, WODZ/(76949, WOG3/(06007,
WOUBO0TEET, WONS/A20217, WO03/026647, WON3/H26648, WOO3/0270669, WOB3/(27076,
WONE/A271 14, WOO03/037332, WOG/040107, WOI/G80%940, WON3/054943 and EP63RS46,;
{COK-A {(cholcoystokinin-A) agonists, such as AR-R 15849, GL 181771 {GRK), JMV-180, A~
T137Y, A-71623 and SRE46131 (Sanofi), and those described in US5739106; CNTF (Ciliary
neurcirophic factors), such as Gi- 181771 (Glaxo-SmithKling}, SRI46131 (Nanoft Synthelabo),
batabindide, PD 170,292, and P 149164 (Plizer): CNTE derrvatives, such as Axokine®
{Regeneren), and those disclosed in WO94/09134, WOSK/22128, and WO99/4381 3 dipeptidyl
pa,ptldav‘ Y {1V} inhibitors, such as isoleucing thiazolidide, valine pyrrolidide, NVP
DPP728, LAF23I7, PO3/0L, P 3298, F8L 225 (wyptophyi-1.2 3 4-terrabvdroisoguinoling-3-
carboxylic acid; disclosed by Yamada et al, Bicorg, & Med. Chem. Lett, ¥ (19983 1537-1540),
TMC-2A28/2C, CD26 inhibtors, FE 999011 PO310/KSE64, VP G177, SDZ 274-444 2-
cvanopyrrolidides and d-cyancpyrrolidides as disclosed by Ashworth e al, Biocorp. & Med.
Chem, Lett, Vol 6, No. 22, pp 1163-1166 and 2745-2748 (1996} and the compounds disclosed
patont publications, WO9R/3R501, WOO/46272, WOOYETIT9 (Prohicdmg), WOSG/HA727!
{Probiodragy, WOS/61431 (Probiodrug), WOU2/G83128, WO02/062764, WOU3/600180,
WOU3/00018E, WOU3/000250, wOO3/002530, WOO3/002531, WOO3/G02553, WOU3/002393,
WON3/G04498, WON3/004490, WON3/01 7936, WON3/024942, WOO3/024965, WO03/033524,
WOO3/037327 and BP1238476; growth hormone spcrciagogue recepior agonisis/anfagonists,
stich as NINTO3, hexarclin, MEK- 0677 (Merck), SM-130686, CP-424391 (Plirer), LY 444,711
{EH Lillyy, L-692,429 and L- 163255, and such as those disclosed in USSN 09/662448, US

provisional application 60/203333, USG358651, US2002049196, US2002/022637, WOL1/56592

and WO02/32838; H3 (ustamine H3) antagonist/inverse agorusts, such as thioperamade, 3-(1H-

imidarot-4- yhipropyl N-td-pentenyhearbamate}, clobenpropit, todophenpropit, imoproxifan,

68

3617



10

15

20

25

30

WO 2010/009319 PCT/US2009/050855

12394 {Ghatech), and A3314440, O-[3-(1H-tmddazol-d-yDipropanolfearbamates (Kiee-
Kononowicz, K. ot al., Pharmazic, 55:34%-55 (2000, piporidine-containing histamine H3-

receptor antagoniats {Lazewska, D, et al., Pharmaze, 56:927-32 (20013, beozophenone

dertvatives and related compounds (Sasse, AL et al., Arch, Pharm{ Weinheim) 334:45-52 (20011},

substituted N- phenvicarbamates {Reidemeisior, 5, ot al,, Pharmarzie, $5:83-6 {2000)), and
proxifan devivatives {Sasse, AL et al ) I Med. Chem,, 43:3335-43 (2000)) and histamine H3
receptor modidators such as those diselosed in WOOZ/15905, WOO3/024928 and WOO3/024929;
leptin derivatives, such as those disclosed tn USS352524, US5552523, UUS5552522, UUSS5212K3,
WOG6/23513, WOO6/Z23514, WOB6/2351 S, WOR6/23516, WO86/23517, WO96/2351K,
WII0G/23519, and WO9H/23524; leptin, including recombinant human loptin (PEG-OR,
Hoftman La Roche) and recombinant methiony! human loptin {Amgen}: lipasc inhibitors, such
as tetrabvdrolipstatin {oriisiat/Xenical®y, Triton WRI 339, BHCKG287, Upstatin, teasaponin,
dicthviumbellifervi phosphate, FL-386, WAY-121898, Bay-N-3176, valilactone, esteracin,
chelactone A, ebelactone B, and RHC 80267, and those disclosed in patent publications

WO 77094, US4598089, US4452813, USLIBS512565, UR5391571, USSaO215], US44058644,
US4189438, and 1154242433, lipid metabolism modulators such as maslinic acid, ervthrodic,
ursolic acid uvaol, betulinic acid, betulin, and the like and compounds disclosed in
WO03/011267; Medr (melanocortin 4 roceptor) agonists, such as CHIRESG3S (Chiron}, ME-
10142, ME-101435, and H8-131 (Melacure, and those disclosed in PCY publication Nos.
WOR/E4002, WOOG/74679, WOO /991752 WO 125192, WO /528806, WO 1774844,
WO 170708, WO1/70337, WORT/91752, WOO2/058005, WOO/058197. WOH2/95%108,
WOOZ/AS81T7, WOON06276, WOOZ/E 2166, WOO/ 11715, WON2/12178, WON2/15809,
WOHZ/38544, WOUZOGR3RT, WOOZ/0683RE, WOU2/06786%, WOOL/GE 1430, WOU3/060604,
WOU3/007949, WOU3/009847, WOO3/009850, WON3/013509, and WOU3/031410; MeSr
{melanocortin 5 recoptor) modalators, such as those disclosed 1 WOS7/19952, WOR 15824,
WOOE 3790, UR2003002 204 1; welandu-concentrating hormone | receptor {MUHR)
antagonists, such as T-2262%96 {Takeda), SB 568849, SNP-7941 {Sypaptic), and those disclosed
in patent publications WOO 1721169, WOOB1/82825, WOUL/E7E34, WO02/85 1509,
WO02/06245, WORZATR28, WOOZ/G76847, WOU2/04433, WO0 /51809, WO0Z/083134,
WO2/00479%, WOOS/G04027, WO03/13574, WOO3/1576%9, WO03/028041, WOR3/G35624,
WON3/033476, WOO3/033480, IP13226269, and IPT43705%; mGluR S moedulators such as those

69

3618



10

15

20

25

30

WO 2010/009319 PCT/US2009/050855

disclosed tn WOOI/G29210, WOO/047581, WORMO4R1 3T, WOOS/051315, WOO3/051833
WON3/G53922, WO03/G59904, and the like; serotomnergic ageuots, such as fonflurandne (sueh as
Pondimin®@ {Benrenecthanamine, N-ethyl- alpha-methyi3-(uiflucromethyl)-, hydrochloride),
Robbins}, dedfenflyramine uch as Redux® {Benzenecthanamine, N-ethyl-alpha-methyl-3-
{irifluoromethy -, hydrochloride), Interneuron} and sibutramine {Meridia®, Knoll/BReductil®™)
incloding racemic mixinres, as optically pure somers (4} and {3, and pharmacentically
aeceptable salts, solvens, hydrates, clathrates and prodrugs thereof including sibutramine
hydrochlorvide monobyvdrate salis thereof, and those compounds disclosed in 1U347466K0,
LIB4R06370, and US5436272, US20020006964, WO 1727068, and WO 1/62341; NE
{norepinephring’ trapsport inhibitors, sach as GW 320659, despiraming, talsupram, and
nomifensine; NPY 1 antagonists, such as BIBP3226, 1-115814, BIBCG 3304, LY-357497, P
671306, G- 2648794, and those disclosed in USHDG1E36, WO/ 14307, WO01/23387
WO99/51600, WOHL/E569D, WOBT/ES09S, WOGI/RSITS, and WOOT/KISZE, NPYS
{neuropeptide Y Y3) antagonists, such as 152,804, GW-569180A, W 53348844, GW-
FA7081 X, GW-3481 18X, FR2ZA5208, FR226928, FR240662, FRIZ2384, 1220091, GI-264879A,
CGPTI683A, LY 377897, LY-366377, PE-160170, SR- 1205624, SR-1288194, FOF-104, and
H439/22 and those compounds disciosed in patent publications UIS81403534 11861591164,
USe2Z18408, USELSER3T, UB631329%, US6326375, LIB6329395, LIR6335345, UIB63373372,
LISE329395 ) USH3400683, EPDIGIO6ST, EP-010440970, WOS7/19682, WOO7/208240,
WORTZ0821, WORT20822, WO/ 20823, WOGR/2T003, WOHN/ 107409, WOOY/ 185714,
WO 25730, WODG4RRG, WOOH/ER197. WOB/GO849, WO/OL13917, WO /09120,
WO AAS76, WOOURSTH, WOOT/EST30, WOOTATA0S, WODT/O23T9, WODT /23388,
WON/23389, WOO 1744201, WOUT/ARZT37, WORT/AZ73R, WOOH/09120, WO02/20458K,
WOU2/22592, WOOL/4EE 82, WOUL4B4E, WORZ/O5 1806, WO02/0947R89, WOU5/000845,
WON3/014083, WON3/022R849, WOO3/0Z8726 and Morman et al, J. Med. Chem. 43:4288-4312
{Z000); opiowd antagonisis, such as valmelong (REVEX @), 3-methoxynaltrezone,
methyinalirexone, naloxong, and naltrexong {e.g. PTR01; Pain Therapeutics, Ine } and those
disclosed tn USZ00300041355 and WOO0/21509; orexin antagontsts, such as 3B-334867-A and
those disclosed in patent publications WOO1/96302, WOG1/68609, WOO2/M4172, WOO2/51232,
WOU2/S1838, WOGZ/AAEIE00, WOO/R0355, WOO3/G23561, WOO3/032991, and
WOO3/G37R47; PIIE inhibitors {e.g. conmpounds which slow the degradation of eyclic AMP
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{cAMPY and/or cvelic GMP {(cGMP) by inhibition of the phosphodicstorases, which can lead 1o a
refative mercase in the intraceitalar concontration of cAMP and ¢GMP; possible PRE inhibitors
are primarily those sabstances which are to be nombered among the class consisting of the PDE3
frhithitors, the class conststing of the PDE4 inhibitors and/or the class consisting of the PDES
inhibitors, in particnlar those substances which can be designated as mixed types of PRE3/4
frihirbitors or as mined types of PBEI/A/S inhibitors) such as those disclosed m patent
publications DE1470341, DE210R43E, DEZ123328, BE23G5339, BE2305575, DE2315801,
DE2402908, DE2Z413935, DE2451417, DE2439090, DEZ64646%, DE2727481, BEZEZ3045,
DEZEZTI6L, DE2R45220, DEZE4T62E, DEI934747, DE3G21792, BE3NI3166, DE344568,
EPOCO7IR, FPOOOE4(E, EPO0IG7SS, EPO059948 EPHNTR436, ERPOOR6S17, EPO 12987, BEPOH

16948, EPO1SO937, EPOISK3E4, BPOI61632, EPOIGIDIE EPOISTIZL, EPOIGRIZT, EF(220044,

EPO247725, EPUZ58191, EPOZTIONG, EPG272914, EP(294647 EPO300726, EPU335386,
EPO3STTER, EPOIRD2K2, EPG4G0T5E, EPD4Z61580, BEPO428302, EPO4353811, EPO470805,
EPO4R220K, EPH4S0823, EPOSO6 194, EPGSTIERS, EPOSZTIT, EPQ626939, EPU604289,
EPOnTIZE0, EPO6RS4T4, EPOGES4TS, EPOASSAT0, JPO2234389, IPB4329652 ) IPSSCGI0ETS,
USA963561, USSI41931, WO9117991, WOOZH096R, WOR212961, WO9307146, WR315044,
WOIBISN4S, WORIIRG24, WOS319068, WOG319720, W(9319747, W9318749,
WOO319751, WOS325517, WO0402465, WO2406423, WO0412461, WOB420455,
WOG4ZIR52, WO9425437 WOS427947, WOGSO0516, WOUS01980, WO0L03794,
WORS04045, WOSS04046 WO0S0G53E6, WOLUS0E534, WOOS09623, WORS(9a24,
WOISHG62T, WOOS09E36, WOSS14607, WDOST14680, WOS514681, WO9517392,
WORSET399, WOSS19362, WOOS22520, WOUSZ43RY, WOOS2T692 WONSERY IS,
WOYSZE281, WO0S35242, WOSHIZIR, W0601 825, WOLH2541, W(9611817,
DE3I42062, DEL 116676, DE21620496, EPOZ93063, EPO463756, EPO4RZZ08, EPOSTI406,
EPOnOT7345 1086331543, US20030004222 (including those disclosed i formulas I+ X and
paragraphs 37-39, 85-0545 and 557-577), WOG3G7 124, EPOLA3G6S, EPO3O2300, EPGS10562,
EPOSS3174, WOOSI338 and WO2603399, as well as PDES inkibliors {sach as R¥X-BRA-49,
SCH-51866, BT-734, vesnarinone, zaprinast, SEF-96231, ER-21353, BF/GP-3858, NM-742 and
sildenafil (Viagra™, PDE4 inhibitors {such as ciswolate, 1163197, RP73481, imazolidinone
(RO-10-1724), MEM 1414 (R1S533/R1500; Pharmacia Roche}, denbufyiline, rolipram,

oxagrelate, nitraquazone, Y-580, DH-0471, SKEF-94120, motapizone, Hxazinone, indolidan,
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olprinone, atizoram, KS-506-G, dipamtviline, BMY-43351, atizoram, arotviline, filaminast,
PRB-043, UCB-29646, CP-B40, SKF-107200, piclaroast, RE-17597, R8-25344- (00, 3B-
207499 TIBENELAST, SB-210667, SB-211572, SB-211604, SB-212066, SB-212178, GW-
3600, CDP-R48, mopidamel, anagrelide, ibudilast, amrmone, pimobendan, cilostazol, quazinone
and N-(3,5-dichloropyrid-4-y1-3-cvelopropyimethoxvd-difluoromethogybenzamide, PDE3
fnhrbitors {such as ICI133, 100, bemorandane (RWJ 228673, MCL 154, UD-CG 212, sulmazole,
ampizone, cilostamide, carbazeran, proximone, imazodan, C1930, siguazodan, adibendan,
saterinone, RKF-93634, SDF-MEKS-492, 349-11-85, emoradan, EMID-33098, EMD- 37633, NSP-
336, NRP3O7, revizinone, NM-702, WIN-62582 and WIN-63291, enoximone and mulrinone,
PDEZ/4 inhibitors {such as bepafentrine, troquiingio, GRG-329, zardaverine, L- 686398, SD7-
50844 ORG-20241, EMIER54622 ) and tolafonirine and other PDE inhibitors {such as
vinpocetin, papaverine, enprofviline, ctlomilast, fenoximone, pentoxifviling, roflumilast,
fadalafil{Cialis®), theophyiline, and vardenafil{ Levitra®); Neuropeptide Y2 (NPYZ) agonists
inglude but are not fimited to: polvpeptide Y'Y and fragments and variants therzof (e.g. YY3-36
{(PYY3-36 ¥N. Engl. 1 Med. 349:941, 2003; TKPEAPGE DASPHELNRY YASLRHYLNL
VIRQRY (SEQ D NG X and PYY agonists such as those disclosed in WO02/47712
WOR/G26591, WOHR/A37235, and WOOI027637; serotonin reuptake inhibitors, such as,
parcxeting, fluoxetine (Prozac™), fluvoxamine, sertraline, citalopram, and imipramine, and
thoue disclosed in USG162803, USE363633, WON3/00663, WO 1727040, and WO /162341,
thyroid hormone [ agonists, such as KB-2611 (KaroBioBl‘viS},, ardd those disvlosed in
WON2/5845, WOGT/21993, WOSG/H0353, GRYR/284425, 115, Provisional Application No
60/183,223, and Japancse Patont Application Mo, 1P 2000256190, UCP-1 duncoupling protein-11,
2, or 3 activators, such as phytanic acid, 4-[{E}y2-(5, 6,74 tetrahydro-53 5.5 8-tetramethyl-2 -
napthalicnyvl)-i-propenylibenzoic acid (TTNPB)Y, retinoic acid, and those discloscd in
WO9G/G0123; B3 {(beta adrcnergic receptor 3} agonists, such as AJROTTTAKST?
{Dainippon/Takeda), 1730353 (Mercky, CP331648 (Plizer), CL-316,243, SB 418720, BRL-
37344, L-796568, BMS-1960R5, BRL-351354, COGPI2IT7A, BTA-243, GW 427353,
Trecadring, Zencca D714, N-53984 (Nigshin Fyoring, LY-377604 (Lilly), 3R 391194, and those
disclosed i USSS541204, LISSTT0615, UR5481 134, LUURST76953, US4E80064, USST0551S
URE431677, WOR/18161, WORS/221589, WO97/46556, WOOR/N4526 and WOQR/BIT753,
WO/ 74782, WOOL/2R897, WOO/014113. WOG3/016276, WODI/B16307, WOO3/240948,
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WOS/024953 and WOOYD37E8T: novadrencergic agents including, but not Hmated o,
dicthylpropion (such as Tomuate® {1- propanone, 2-(dicthyiamino -t -phenyl-, bydrochloride),
Merrell), dextroamphetamine (also known as dextrommphetamine sulfate, dexamphetamine,
dexsdrine, Dexampex, Ferndex, Oxydess 1, Robess, Spancap #13, mazindol {{or 53-{p-
chioropheny}-2,5-dihvdre-3H- imidazof2 l-ahisoindoi-3-0f} such as Sanorex®, Novartis or
Mazanor®®, Wyeth Averst), phenvipropanolamine {or Benrenemethanol, alpha-(J-aminoethyl}-,
hyvdrochloride), phentermine ((or Phenol, 3-[[4,5-dubydro-1H-imidazo-2-yhethyli4-
methylpheny-Hamino], monohydrochloride) such as Adipex-P®, Lemmon, FASTING, Smith-
Fline Beecham and Ionamin®, Medeva), phendimetrazine ¢dor (25,3513 4-Dimethyl-
Zrhenyimorpholing E-{+}- tarfrate (1 13 such as Metra® (Forest} | Plegine® (Wyeth- Av orst},
Prehu-2® {Bochringer fngetheim}, and Statobex® (Lemmon), phendamine tarivate {(such as
Thephorin® {2,3,4.9- Tetrahydro-2-methyl-S-phenyvi-iH-indenol{ 2 l-clpyridine L-{t)-tartrate {1
1)), Hotfmann- LaRoche), methamphetamine {such as Bvsoxyn®, Abbot {(53-M, {alpha)-
dimethylbenzencethanaming hydrochloride}}, and phendimetrazine tartrate {such as Bongil®
Sipw-Release CUapsules, Amarin (-3,4-Dimethyl-2-phenvimorpholine Tartrate), fatty acid
oxidation upregulator/indncers such as Famoxin® {{Genset); monamine oxidage inhibitorg
including but not limited to befloxatone, moclobemide, brofaroming, phenoxathine, esuprone,
befil, toloxatone, pirlindol, amiflamine, sercioremine, bazinaprine, lazabemide, milacemide,
carcxazone and other cortain compounds as disclosed by WO0E/12176; and other anti-ghosity
agents such gs SHT-Z apgonisis. ACC (aeetyi-CoA carboxylase inhibitors such as those described
in WORA72197, alpha-lipoic acid {aipha-LAY, AQDS604, appetite supprossants such as those
w WOO3/40107) ATL-962 {Alizyme PLOY, benvocaine, benzphetamine hydrochlorids (Didrex)
bladderwrack (focus vesiculosusy, BRY3 (bombesin receptor sabtype 33 agonists, upropion,
caffeine, CCK sgonigts, chitosan, chromium, conjugated linolcie acid, corticotropin-relcasing
hormone agonists, debydroeptandrosterons, DGATE (diacviglycerol seyliransforase 1) inhibitors,
DGAT2 (diacvigiveerol aovlivansforase 2} inhihitors, dicarboxviate transporter inhibitors,
ophedra, exendin-4 {an inhibitor of glp-1} FAS (fairy acid synthase) inhibuiors {such as Cerulenin
and £78), fat revorption inhibitors {such as those in WO03/033451, and the Hke), fatty acid
fransporter inhibitors, natural water soluble fibers (such as peyiliumn, plantago, guar, ost, pectin,
galanin antagonists, galega (Goat’s Rue, French Lilac), gurcinia cambogia, germander {(teucrium

chamacdrys), ghrelin antibodicos and ghrebin antagonists {such as those disclosed in
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WOOL/ETA35, and WOG2/08250), polypeptide hormones and varianis thereof which atfeot the
sslet el seorction, such as the hormoncs of the seerctin/gastric inhibitory polypoptide
(P vasoaciive intestinal 1‘}03;«1}6;}&1&: {ViPypiinitary adenyiate cyelase aclivating polvpeptide
{PACAPYglucagon-tike polypeptide B {(GLP- Hyglicentin/glucagon gene family and/or thoae of
the adrenomedullin/amylin/calciionin gene related polypeptide (CGRP) gene family
fncludingGLP-1 {glucagon- like polypeptide 1Y agonists {e.g. {1} exendin-4, 2} those GLP-
molecules described in URZ0030130891 including GLP- 1(7-34), GLP-H7-353), GLP-I{7-36} or
GLEP-H7-37) in its O-terminally carboxviated or amidated form or as modified GEP-1
polvpeptides and modifications thereof inclading those described in pavagraphs 17-44 of
LS20050130R8%1, and desivatives derived from GLP-I(7- 343CO0H and the comresponding acid
amide are cmployed which have the following general formula: B-NH-
HAEGTHFTSDVSYLEGUAAREFIAWLVE-CONH,; wherein B=H or an organic compound
having from 1 o 16 carbon atoms. Preferably, R is the wesidue of a carboxviic acid. Particularly
preforred are the following carboxyiic acid rosidues: formyl, acetyl, propionyl, isopropionyl,
methvi, ethyl, propyl, isopropyl, n-butyl, sec-butyi, teri- butyl} and glp-1 {glucagon-tike
polypeptide- 1), glucocorticoid antagonists, glucose transporter inhibifors, growth hormone
seorctagogues (such as those disclosed and specifically described in USS536716), interleukin-6
(3L-63 and modulators thereof {as in WOO03/057237, and the like), L- carnitine, Me3r
{melanocortin 3 receptor} agornists, MUHZR {melanin concontrating hormone IR)
aponist/antagonists, melardn concenirating hormone antagonists, mekanocortin agonists {such as
Melanotan I or those desoribed in WO 99/64002 and WO (/74079), nomame herba, phosphate
transporter inhibitors, phytopharm compound 57 (OF 644 0873y, pvrivate, SCD-1 {stearoyi-CoA
desaturase~1} inhibitors, T71 {Tularik, Inc, Boulder 20, Tapiramate {Topimax®, indicated as
an anti-convulsant which has boon shown to increasc wiight logs), transcription factor
modulators {such as those disclosed in WOO3/026576), B-hyvdroxy stercid dehydrogenase- |
inhibitors (B -HSD-I, B-hyvdroxy-B-methylbutyrate, p37 {Phizer), Zonisamide (Zonegran™,
indicated as an anti-opleptic which has heen shown o lead to weight loss), and the agents
disclosed in US200301 19428 paragraphs 20-26,
Awnti-DHabatic Agenss

The GCRA peptides described herein can be used in therapeutic combination with one or

more anti-diabetic agents, including but not Brotied to: PPARy agonists such as ghitazones {e.g
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WAY-120,744, AD 5075, halaglitazone, cightarone, darghitarone {TP-56325, Pliror},
cngittazone (CF-6R722, Phizer), waglitazone (MIT/I&D, MOC- 3533 (Mitsihishi disclosed in
1185594016}, ploglitazone {such as such as Actos ploglitazons; Takeda), rosightazone
(Avandia Smith Kline Bescham), osig},i tarone maleate, troglitazone {Rendin®, disclosed in
VIR4372912), rivoglitazone (TS0 1, Sankyo), GL-262578 (Glaxoe Welcomne), BRL49SS3
{disclosed in WOOE/G333 1), CLX-0921, S-BTZh, GW-0207, LG- 190641, IIT-501
IPNT/PELD, L-883645 {(Merck), R-FI9702 (Sankyo/Piizer), NN-2344 (Dr. Reddy/DNNY, YM-~
444G (Yamanouchiy, LY-300512, LY-5319818, R483 (Roche), T3 {Tularik), and the lke and
compounds disclosed in UIS4687777, LUR3002953 1UUS5741803, US3965584, US615{(3583,
USA156354, LiS6166042 US6166043, USA172080, 1IR6211205 1156271243 LIRG2RE(95,
LISG303640, USG329404, UNA994554, W9/ 10813, WOV 27857, WOST/281 15,
WORTZRI37, WOGT/27847, WON0/T6488, WO03/00685 WOH3/A271 12, WOL3/035602,
WOHIR/G481 30, WOG3/055867, and pharmaceutically acceptable aalts thereof) biguanides such
as metformin hydrochioride (N N-dimethvlimidodicarbonimidic diamide hydrochioride, such as
{3hycophage™, Bristol-Myers Squibbl metformin hydrochloride with glvburide, such as
Glucovance™, Bristol-Myers Squibb); buformin (Imidodicarbonimidic diamide, MN-butyl)
etoformine (I-Butyik-2-cthyibignanide, Schering AL G} other metformin salt forms (inclnding
where the salf is chosen from the group of, acetate, benzoate, citrate, fimarate, embonate,
chiorophenoxyacetate, glycolaie, palmoate, aspartate, methanesulphonate, maleate,
parschiorophenoxyiscbutyrate, formate, lactate, succinate, sulphate, tartrale,
cyclohexanecarboxylate, hoxannste, octanoate, decanoate, hexadecanoate, octodecanoate,
benzenesulphonate, trimethoxybenzoate, paratohuencsulphonate, adamantancearhoxylate,
glycoxylate, glutarnate, pyrrolidonecarboxylate, naphthalenssulphonate, 1-ghucosephosphate,
nitrate, sulphite, dithionate and phosphate), and phenthrmin; protein tyrosine phosphatase- 1B
{PTP-IB)Y intubiiors, such g3 A-401,674, KR 81639, OC- 060062, OC-832839, OC-297962,
MOS2445, MO524583, 18IS 15, andd those disclosed in WODPS/585521, WORS/38518,
WOSF/S2522, WOSS/61435, WOO/032%816. WOG3/032982, WO03/041 729, WOO3/G55833,
WOOZ26707, WO02/26743, IP20021 14768, and pharmaceutically accepiable salts and estors
thereof, sulfonyinreas such as acetobexamdde {e.g. Dyvmelor, BU Lillyy, carbutanide,
chiorproparnde {e.g. DHabinese®, Plizer), gliamilide (Pfizer), ghiclazide {e.g. Drameron, Bervier

Canada Ioc), glimepinde {e.g. disclosed in US4379783, such as Amary!, Avenus), ghipontide,
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glipizide {e.g. Glucoirel or Glucotrol XL Extended Belease, Pliwer), gligudone, glisclamide,
ghvburde/ghbenclamide {e.g. Micronase or Glynase Prestab, Pharmacia & Upjohn and Diabeta,
Aventis), olazamide {e.g. Tolinase), and tolbutamide {e.g. Orinase), and pharmacentically
acceptable salte and esters thereof; meghtinides such as repaghinide {o.g. Pramdin®, Nove
Nordisky, KAD1229 (PF/Kissei), and nateghinide {e.g. Barlix®, Novartic), and pharmaceutically
acceptable salte and esters thereof; o glucoside hydrolase imhibitors {or glucoside inhibitors) such
as acarbose {e.g. Precose™, Bayer disclosed in 154904769}, mightol {such as GLYSET™,
Pharmacia & Upjohn disclosed in 134638436}, camiglibose (Methyl 6-deoxyv-6-{{(ZR 3R, 4R, 353
3.4 5-trihvdrony-2- (hydroxymethylpiperidine-alpha-D-glucepyranoside, Marion Merrel]
Dow}, voglibose (Takedal, adiposing, ermglitate, pradimicin-Q, satbostatin, CRD-711, MDE~
25,637, ML~ 73,945, and MOR 14, and the componnds disclosed in US4862950, US4174439,
UB4254256, US4781559, 154633436, USS192772, 1IB4634765, LIN51571 16, LIB5504078,
LIS5091418, USS217477, US51091 and WO 1/47528 (polyvamings}); w-amylase inhibitors such
as tondamistat, trestatin, and Al -368¥, and the compounds disclosed in U/N4451455,
1I84623714, and US4273765; SGLT2 inhibiors including those disclosaed in 156414126 and
USASIS117, an aP2 inhibitor such as disclosad in US65458529; insulin gsecroatagogues such as
{inogliride, A-4166, forskilin, dibuivrl cAMP, tsobutvimethyixanthine (IBMX), and
pharmaceutically acceptable salts and esters thereot) fatty acid oxidation inhibitors, such as
clomoxin, and clomoxir, and pharmeceutically acceptable salts and csters thereod] AZ
antagonisis, snch as midaglzole, isaglidole, derighidole, idazoxan, caroxan, snd fluparoxan, and
pharmaccutically acceptable salts and esters thereof) insulin and related compounds {e.g. insnlin
nimetics) such as bigta, LF-100, novarapid, insulin detenvir, fusulin lispro, msulin glarging,
insulin zine suspension {(lente and uliralente}, Lys-Pro msulin, GLEP-1 (1-36) amide, GLP-1{73-7}
{insubintropin, discloscd m USS614492), LY-315902 (Lilly), GLP-1{7-363-MNH2Z), AL-401
{ Auioimmung), cortain compositions as disclosed in US4579730, US4R849405, US4963524,
USS5642868, URST63396, USSE24638, USSE43866, USOI33632, US6I9HLIAS, and WO
RE/G3029, and primate, rodent, or rabbit insulin wehuding biologreally active vartants thereof
neluding alielic variants, more preferably human insulin avatlable tn recombinant form (sources
of buman msulin inchide pharmaceutically acceptable and stertle formulations soch as those
availuble from BN Lilly (Indiunapolis, Ind, 46285) s Humulin  (huroan insulin rDNA origin,

also see the THE PHYSICIANW'S DESE REFERENCE, 35 sup.th Ed. (2001} Medical
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Eeonomics, Thomson Healtheare (disclosing other sutable human insuling); non-
thrarolidinediones such as JV-501 and farghitazar (GW-2570/G1- 262579}, and pharmaccubically
acceptable salis and esters thersof, PPARo/y dual agoniats such as AR-HO39242 (Aztrazeneca),
GW-409544 (Glaxo-Wellcome), BVT-142, CLX-0940, GW-1536, GW-1929, GW- 2433 KRP-
297 {Kyorin Merck; S-{{2 4-Droxo thiazolidinylmethvl] methoxy-N-[[4-
{riffporomethyDphenyl] methvljbenzamide}, 1-7964498, LR-8G, ME.-0767
Merck/Kvorin/Banyu), 3B 219994, muraglitazar (BMS), tesagiitzar (Astrazeneca}, reglitarar
{(JTT-301} and those disclosed in WO99/16738, WOS9/193 13, WORY/206 14, WOS/I3R50,
WORN234T5, WOMY2Z3417, WOO0/23445, WOB0/504 14, WO01/00579, WO01/79130,
WON2/062799, WO03/004458, WOO/016265, WOI/GIENIG, WOOL/I33481, WIG3/033450,
WOIR/A33453, WOOS/043985, WO 031053976, UK. application Sor. Mo, (9/664,598, filed Sep.
18, 20006, Murakami ot al. DHabetes 47, 18411847 {199€), and pharmaceutically acceptable salts
and gsters thereof) other insubin sensitizing drugs; VPAC? recoptor agonists; GLK modulators,
such as those disclosed iy WO03/0158774; retinoid modulators such as those disclosed in
WOD/G00249, GSK 3B/G5K 3 inhibitors such as 4-[2-(2-bromophenyi}-4-(4-flucrophenvi-1H-
imidazol-5- ylipvridine and those compounds disclosed in WOG3/024447, WOO3/G37469,
WODR/GITRTT, WONZ/Q3T89T, WOOS/A6RTTS, ERI205884, EPI129588S, and the like; glvcogen
phosphorviase (HGLPa) inhibitors such as CP-368,296, CP-316,819, BAYR3401, and
compounds disclosed in WOO 194300, WO/ 20530, WO03/037864, and pharmaeceutically
aucepiable salts or esters theresf, ATE consumption pronusiors such as those disclosed in
WONR/G07390; TREX inhibitors; vanillnid recoptor Hgands such as those disclosed in
WOO3/049702; hypoglycomic agonts such as those disclosed i WOO3/01 5781 and
WON3/040114; giveogen synthase kinase 3 inhibitors such as those disclosed m WOU3/035663
agents such as those disclosed in WORR/S1225, USZ0O0301 34820, WOOG1/24786, and
WON3/G59870; insalin-responsive DNA binding protetn- | RIDBEP-1) as disclosed in
WOU3/037827, and the Tike; adenosineg AZ antagonists such as those disclosed in WO03/433639,
WON3/035640, and the Bike; PPARGS agonists such as GW 501316, GW 580735, and corpounds
disclosed in JPIO237049 and WO/ 14291, dipeptidy! peptidase TV (BP-1V) inhibitors, such as
isoloucine thiazohidide, NVP-DPPT2RA (1~ H[2-I(S-cvanopyridin-2-
ylaminojethyljaminojacetyl}-2-cvano-{Sypyrrolidine, disclosed by Hughes et al, Blochomistry,
3R{343, 11397-116403, 1999y, PA2/98, NVP-LAF-237 PA298, TSL225 (fryptophyl-1,2 3 4-
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fetrahvdro~-isoquinoline-3~-carboxvhie acid, disclosed by Yamada of al, Bioorg, & Med. Chom.
fott, 8 {1998) 1537-1540), vabine pyrrohidide, TMC-24/28/2C, CD- 26 inhibitors, FES99011,
PO/ 364, VIP 8177, DPP4, 8D7 274444, 2-¢oyvanopyrrohdides and 4-cyvanopyreolidides as
disciosed by Ashworth ot al, Bioorg, & Med. Chem. Lot Vol 6, Mo, 22, pp 1163-1166 and
2745-2TA8 {1996} ,and the compounds disclosed in US6393767, US63T73237, US6395767
{compounds disclosed inchude BMS-477118 BME-471211 and BMS 338.305), WO29/38501,
WOINAEZTZ, WOSNETZTY, WOSW/ET2TE, WOSS/6 1431 WO03/004498, WO03/004490,
EPI25K470, WOOZ/0K31 28, WODZ/G62764, WODS/00230, WO03/002530, WG03/002531,
WOIB/002553, WODS/GG2593, WOO3/0001 80, and WOGM000G1K] GLP-1 agonists such as
exendin-3 and exendin-4 (including the 38 aa polypeptide svothetic exendin-4d called
Exenatide®), and compounds disclosed in USZO{3087821 and NZ 304256, and
pharmaceutically acceptable salts and esters thereofl peptides including amlintide and Symlin®
{pramlintide acetate; and glyeokinase activators such as those disclosed in USZ002103199
{fused heteroaromatic compounds) and WO{/48106 (iscindolin-1 -one-substituted propionamide

compounds}.

Phosphodiesterase inhibitors

The GCRA peptides described herein can be used in combination therapy with a
rhasphodicsterase inkibitor. PDE inhibitors are those compounds which slow the degradation of
cyvelic AMP (cAMP) and/or cyclic GMEP (cGMPY by inhibition of the phosphodicsierases, which
can lead to a relative increase in the intracellnlar concentration of ¢ AME and/or cGMP.
Possibie PIUE inhibitors are primarily those substances which are to be numbered among the
class consisting of the PDES inhibitors, the class consisting of the FDE4 inhibitors and/or the
class consisting of the PDES inhibitors, in parficular those substances which can b designated as
mixed types of PDE3/M inhibitors or as mixed types of PDE3/E/S inhiltors. By way of example,
those PDE iohibitors may bo mentioned such as are deseribed and/or claimed 1o the fallowing
paterd apphications and pateonts: DEI470341, DEZI08438, DE2123328, DE2305339,
DE2308375, DEI315R01, DE2402908, DE2413935, DE2451417, DE2459090 2640469,
DE2727481, DE2E25048, DE2R37161, DE2SASR22G, DE2E4TEIL, DE2I34747, DE321792,
DE3(38166, DE3044568, EPOGGT 1S, BEPGO8402, ERGCGI0T50, EPOOS9D4E, HPO075434,
EPOOOASTY, EPOL F29R7, EPOT 16048, EPOIA0037, EPGLSE3E0, ERPOIGT632, EPOIGIDIS,
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EPGIST121, EPOIOSI2T, BPO220G44, EPO247725, EPN258101, EPO272910, EPO272914,
EPO2%4647, EPQ3OUT26, BRPO3353RG, EPO3STTSE, BPU3EUIET, BRO406I5K, EPO42615Y,
EPO4283072, EPO43SKEL, EPG470805, DPO4SIZ0R, BRO400K23, EPUA06194, EPGSTIRGS,
EPOSZ7117, EPO626939, EPO664IRS, BPGATI3EY, EPU6ES474, ERO6R34TS, EPU6ESATY,
JPOR234389, JPO4329652, JPO5GT0ETS, US, Pat. Mos, 4,563,561, 5,141,931, WOS117991,
WO9200068, WOS212961, WOR30G7146, W01 3044, WON315045, W9318024,
WOIITOO6R, WOO3T9720, WOS319747, W03 19749, W(9319751, WOR325517,
WO0402465, WOS406423, WiHN412461, WOQ4Z0435, Wi9422852, WiO0423427,
WOGZTHT, WSS 16, WO 980, WOBS5037%4, WO9504045, WHN504046,
WONS05386, WOSS0E534, WNS00623, WOOAI9624, WIHS00627, WOS5(9824,

WOIS 14667 WOOST4GRE, WOSS14681, WOGSTT392, WO9517399, W0519362,
WORS225260, WOUSZ4381, WORS2T692, WOISZEFLS, WOOS352KT, WOS535262,
WOIRMIZ1E, WOSGGTE2S, WOUeH2541, W0611917, DE3142982, BELH 116676, DE2162096,
EP0O293063, EPH463756, EPO4RIZI0K, EPG379496, EPDSSTIAS 1I56,331 543, URZ005(004222
{inchading those disclosed in formulas L-XIH and paragraphs 37-39, 85-05845 and 5357-577y and
WOR3I0T124, EPGI6396S, EPO303500, EPGS10562, BEPOSSZ174, WOS501 33K and WO643399,
PDES inhibitors which may be mentioned by way of example arg RX-RA-68, RUH-31866, KT
734, vesnaringne, zaprinast, SKF-96231, ER-21335, BF/GP-385, NM-702 and sildenafil
{Visgra®} PDE4 inhibitors which may be mentioned by way of cxanyple are RO-20-1724,
MEM 1414 (R1533/R1500; Pharmacia Roche), DENBUFYLLINE ROLIPRAM,
OXAGRELATE, NITRAQUAZONE Y-550, DH-0471, SKF-94120, MOTAPIZONE,
LIXAZTNONE, INDOLIDAN, GLPRINONE, ATIZORAM, KS-506-G, DIPAMEYLLINE,
BMY-43351, ATIZORAM, ARCEYLLINE, FILAMINMAST, PDB-093, UCB-2906440, CDP-844,
SEE- 107806, PICLAMILAST, RS- 17597, RR-25344-000, SB-207459, TIBENELAST, SB-
2H0667 SB-211572 BB-21 1600, SB-212066, SB-212179, GW-3600, CDP-34¢, MOPIDAMOL,
ANAGRELIDE, IBRUDILAST, AMRINONE, PIMOBENDAN, CILOSTAZOL, GUAZINONE
and M-(3,5-dichloropyvrid-4-vi}-3-cvclopropvimethoxyvd-ditluoromethoxvbenzamide, PDE3Z
inthibitors which may be mentioned by way of example are SULMATOLE, AMPIZONE,
CILOSTAMIDE, CARBAFER AN, PIROYWIMONE, IMAZODAN, C1-930, SIGUAZODIAN,
ADIBENDAN, SATERINONE, 3KF-85654, SINZ-MK5-492, 349-11-83, EMORADAN, EMD-
53995, EMD-37033) NSP-306, NSP-2307, REVIZINGNE, NM-702, WIN-62587 and WIN-

79

3628



10

15

20

25

30

WO 2010/009319 PCT/US2009/050855

63291, ENOXIMONTE and MILRINONE. PDEYY imdubttors which may be mentioned by way of
cxampic are BENAFENTRINE, TREGUINSIN, OBG-30029, ZARDAVERINE, {-658634%8,
SDA-IRQ-844, ORG-20241, EMID-54622, and TOLAFENTRINE. Other PRE inhibitors inchude:
ctlomilast, pentonifylline, rofhumiagt, tadalafil{Cralia®), theophylline, and vardenafil{ Levitra®y},

zaprinast (PDES specific).

Anii- Utering Contractions Agents

The GURA peptides described herein can be used in combination therapy {(for example,
i prder to decrease or inhibit wierine contractions with a tocolvtic agent including but not
Limited to beta-adrenergic agents, magnesinm sdfate, prostaglandin inhibitors, and calctom

channel blockers.

Anti- Neoplastic Agents

The GURA peptides deseribed herein can be used in combination therapy with an
antingoplastic agents inchuding but not limited to alkvlating agents, epipodophyliotoxins,
nitrosoureas, andimetabolites, vinea alkaloids, anthracveline antibictics, nitrogen mustard agents,
and the Hke. Particular anti-neoplastic agents may include tamoxifon, taxol, cloposide and 5-
fluorouracil.

The GCRA peptides deseribed herein can be used in combination therapy (for cxammple

a5 in a1 cherpotherapeutio composition ) with an antiviral and monoclonal antibody therapics.

Agenis to treay Congestive Heart Foilure

The GURA pepiides described herein can be used in combinsgtion therapy {for example,
in prevention/treatment of congestive heart fallure o another mothod described horeing with the
partial agenist of the nocicoptin recoptor ORLE described by Dooley ot all {The Journal of

=
i
J

Pharmacology and Experimental Therapeutics, 283 (2): 735-741, 1997y, The agonistis a
hexapeptide having the amino acid sequence Ac- RY'Y (REKG (WD (RK-NH2 (Mthe Dooley
polypeptide™), where the brackets show allowable variation of ameine acid residue. Thus Dooloy
polypeptide can mclude but are not hnuted 10 KYYRWER, RYYRWER, EWRYYR, RYYRWEK,
RYYRWEK {all-D amin acids), RYYRIK, RYYRIR, BYYKIE, RYYKIR, RYYEKWER,

RYYEWEK, RYYRWR, RYYRWE, RYYRIK, RYYEWR, RYYKWE, RYYRWE and
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KYYRWE, wheren the amino acid residues are in the L-form unless otherwise specified. The
GURA pephides desoribed horon can also be nsed 1n combination thorapy with polypeptide

conjugate modifications of the Dooley polypeptide described in WOH188324,

DOSAGE

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

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

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

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

The total daily dose of each inhibitor can be administered to the patient in a single dose,

or in multiple subdoses. Typically, subdoses can be administered two to six times per day,
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preferably two to four times per day, and even more preferably two to three times per day.
Doscs can be in immediate rclcasc form or sustainced relcasc form sufficiently cffective to obtain
the desired control over the medical condition.

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

above.

EXAMPLES

EXAMPLE 1: SYNTHESIS AND PURIFICATION OF GCRA PEPTIDES

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

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

Fmoc-tBu Overview
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Each synthetic cycle consisted deprotection with 20% piperidine in DMF. Resin washes
were accomplished with altcrnating DMF and 1pOH to swell and shrink the resin, respectively.
Peptide synthesis elongated the chain from the C-terminus to the N-terminus. Activation
chemistry for each amino acid was with HBTU/DIEA in a 4 fold excess for 45 minutes. In
automated chemistries, cach amino acid was double coupled to maximize the coupling
efficiency. To insure the correct position of disulfide bonds, the Cys residues were introduced as
Cys(Acm) at positions 15 and 7. Cys(Trt) was positioned at Cys4 and Cys12. This protecting
group strategy yields the correct topoisomer as the dominant product (75:25). (For enterotoxin
analogs, a third disulfide bond protecting group (Mob) was utilized).

For peptides containing C-terminal 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 Aecea, the Cys residue numbering will be increased by three Cys4 becomes Cys7, Cysl12
becomes Cys15; Cys7 becomes Cys10 and Cys 15 becomes Cys18. The latter pair is protected
with Acm and the former pair keeps the Trt groups.

For analogs containing D-amino acid substitutions, these were introduced directly by
incorporating the correctly protected derivative at the desired position using the same activation
chemistry described in this document. For Fmoc strategies, Fmoc-dAsn(Trt)-OH, Fmoc-
dAsn(Xan)-OH, Fmoc-dAsp(tBu)-OH, Fmoc-dGlu(tBu)-OH and for Boc strategies, Boc-
dAsn(Xan)-OH, Boc-dAsn(Trt)-OH, Boc-dAsp(Chx), Boc-dAsp(Bzl1)-OH, Boc-dGlu(Chx)-OH
and Boc-dGlu(Bzl)-OH would be utilized.

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

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

remove the Acm protecting groups and introduce the second disulfide bond.
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For enterotoxin analogs, the Mob group was removed via treatment of the dicyclic
product with TFA 85% containing 10% DMSO and 5% thioanisolc for 2 hr at RT.

Each product was then purified by RP-HPLC using a combination buffer system of
TEAP in H20 versus MeCN, followed by TFA in H20 versus MeCN. Highly pure fractions
were combined and Iyophilized. The final product was converted to an Acetate salt using either
ion exchange with Acetate loaded Dow-Ex resin or using RP-HPLC using a base-wash step with
NH4OAc followed by 1% AcOH in water versus MeCN.

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

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

Boc-Bzl Process

Peptide synthesis is initiated on a Merrifield or Pam pre-loaded resin or with mBHA for
peptides produced as C-terminal amides. Each synthetic cycle consists of a deprotection step
with 50% TFA in MeCL2. The resin is washed repetitively with MeCl12 and MeOH. The TFA
salt formed is neutralized with a base wash of 10% TEA in MeCl2. The resin is washed with
MeCl2 and MeOH and lastly with DMF prior to coupling steps. A colorimetric test is conducted
to ensure deprotection. Each coupling is mediated with diisopropyl carbodiimide with HOBT to
form the active ester. Each coupling is allowed to continue for 2 hr at RT or overnight on
difficult couplings. Recouplings are conducted with either Uronium or Phosphonium reagents
until a negative colorimetric test is obtained for free primary amines. The resin is then washed
with DMF, McCI2 and McOH and preparcd for the next solid-phasc step. Cys protection utilizes
Cys(Acm) at positions 7 and 15, and Cys(MeB) at Cys 4 and Cys12.

Cleavage and simultancous deprotection is accomplished by treatment with HF using
anisole as a scavenger (9:1:1) ml:ml:g (resin) at 0°C for 60 min. The peptide is subsequently
extracted from the resin and precipitated in ice cold ether. The introduction of disulfide bonds
and purification follows the exact same protocol described above for the Fmoc-produced

product.
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EXAMPLE 2: IN VITRO PROTEOLYTIC STABILITY USING SIMULATED GASTRIC FLUID
(SGF) DIGESTION

The stability of the GRCA peptide according to the invention is determined in the
presence of simulated gastric fluid (SGF) . GRCA peptide (final concentration of 8.5 mg/ml) is
incubated in SGF (Proteose peptone (8.3 g/liter; Difco), D-Glucose (3.5 g/liter; Sigma), NaCl
(2.05 g/liter; Sigma), KH ,PO4 (0.6 g/liter; Sigma), CaCl, (0.11 g/liter), KCI1(0.37 g/liter;
Sigma), Porcine bile (final 1 X concentration 0.05 g/liter; Sigma) in PBS, Lysozyme (final 1 X
concentration 0.10 g/liter; Sigma) in PBS, Pepsin (final 1 X concentration 0.0133 g/liter; Sigma)
in PBS). SGF is made on the day of the experiment and the pH is adjusted to 2.0 + 0.1 using
HCI or NaOH as necessary. After the pH adjustment, SGF is sterilized filtered with 0.22 pm
membrane filters. SP-304 (final concentration of 8.5 mg/ml) is incubated in SGF at 37°C for 0,
15, 30, 45, 60 and 120 min in triplicate aliquots. Following incubations, samples are snap frozen

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

EXAMPLE 3: IV vITRO PROTEOLYTIC STABILITY USING SIMULATED INTESTINAL FLUID (SIF)
DIGESTION

The stability of the GRCA peptide is also evaluated against digestion with simulated
intestinal fluid (SIF). SIF solution was prepared by the method as described in the United States
Pharmacopocia, 24th edition, p2236. The recipe to prepare SIF solution is as described below.
The SIF solution contains NaCl (2.05 g/liter; Sigma), KH ;PO4 (0.6 g/liter; Sigma), CaCl, (0.11
g/liter), KCI1 (0.37 g/liter; Sigma), and Pacreatin 10 mg/ml. The pH is adjusted to 6 and the
solution is filter sterilized. A solution of SP-304 (8.5 mg/ml) is incubated in SGF at 37°C for 0,
30, 60, 90, 120, 150 and 300 min in triplicate aliquots. Following incubations, samples are
removed and snap frozen with dry ice and stored in a -80°C freezer until they are assayed in

duplicate. F

The integrity of GRCA peptide is evaluated by HPLC by essentially using the method
described for SGF digestion.

EXAMPLE 4: CYCLIC GMP STIMULATION ASSAYS
The ability of the GCRA peptide to bind to and activate the intestinal GC-C receptor is
tested by usingT 84 human colon carcinoma cell line. Human T84 colon carcinoma cells are

obtained from the American Type Culture Collection. Cells are grown in a 1:1 mixture of Ham's
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F-12 medium and Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum, 100 U penicillin/ml, and 100 pg/ml streptomycin. The cells are fed fresh medium
every third day and split at a confluence of approximately 80%.

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

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

EXAMPLE 5: PEGGYLATED PEPTIDES

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

described above.

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

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

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

synergistic effect on intracellular accumulation of cGMP

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

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

different dose levels.

Experimental Design

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

indicated in the tables below:

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

Monkey colony and assigned to four dose groups as follows:

Group | Group Study | Dose Dose Dose Number of
Number | Designation Days | Level Concentration | Volume | Animals
(mg/kg) | (mg/mL) (mL/kg) | (Females)
] 1 0 0 10

| Control/Vechicle 1 2

1 1 0.1 10
2 Tcst Peptides 4 2

4

Following completion of the Phase 1 dosing, all monkeys will be observed for 33 days.
Upon completion of the observation period, all monkeys will be transferred back to the ITR

Spare Monkey Colony.

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

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

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

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

minimum of 7 days.

Route of Administration

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

therapeutic route.

Preparation of Test and Control /Vehicle Articles

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

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

Analysis of Test Article Concentration and Stability in the Dose Formulations

For possible confirmation of thc concentration and stability of the test article in the
formulations, representative samples will be taken from the middle of each concentration,
including the control/vehicle article on the first day of dosing of each group, as indicated below.
Samples will be collected immediately after preparation on Day 1 and again after dosing is
completed on that day and will be stored frozen (approximately 80°C nominal) in 20 mL screw
cap vials. Therefore, the remaining dose formulation vials will be returned to the Pharmacy

Department as soon as possible after completion of dosing.

Group 1: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).
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Group 2: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).
Group 3: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).
Group 4: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).

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

procedures.

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

prior to sampling.

The samples will be retained frozen (approximately -80°C nominal) at ITR until
requested by the Sponsor to be shipped to a laboratory designated by the Sponsor for analysis.
The samples can be discarded once it is determined by the analyst and Study Director that they

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

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

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

Species/Strain: Cynomolgus Monkey (Macaca Fasicularis)
Source: orldwide Primates Inc.,

P.O. Box 971279

Miami, Florida, 33187, USA

and

Covance Research Products Inc.

P.O.Box 549
Alice, Texas, 78333, USA
Total No. of monkeys on study: 8 non-naive females
Body Weight Range: 2-4 kg at onset of treatment
Age Range at Start: Young adult at onset of treatment
Acclimation Period: The animals will be transferred from ITR’s spare

monkey colony. They are therefore, considered to
be fully acclimated to the laboratory environment.

The actual age and body weight ranges will be noted in the final report.
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Administration of the Test and Control/Vehicle Articles

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

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

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

in an ice water bath.

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

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

Clinical Observations

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

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

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

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

On the dosing day of Phase 2: pre-dose, continuously for the first 4 hours post-dose and
at 6, 8 and 24 hours post-dosing
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On the dosing day of Phase 3: pre-dose, continuously for the first 4 hours post-dose and
at 6, 8 and 24 hours post-dosing

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

animal transfer and once weekly thereafter.

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

to administration of therapeutic drugs.

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

to the end of the study.

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

through to the end of the study.

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

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

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

given in order to calculate the number of cookies eaten.

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

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

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

variance (P< 0.05) using SigmaStat Software.

EXAMPLE 9 : PHARMACOKINETIC PROPERTY DETERMINATION OF GCRA PEPTIDES

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

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

properties including area under the curve and bioavailabilty are determined.

EXAMPLE 10: DIURESIS RELATED EXPERIMENTS EFFECT ON DIURESIS AND NATRIURESIS

The effect of GCRA peptides described herein on diuresis and natriuresis can be
determined using methodology similar to that described in W0O06/001931 (examples 6 (p. 42)
and 8 (p.45)). Briefly, the polypeptide/agonist described herein (180-pmol) is infused for 60 min
into a group of 5 anesthetized mice or primates. Given an estimated rat plasma volume of 10 mL,
the infusion rate is approximately 3 pmol/mL/min. Blood pressure, urine production, and sodium
excretion are monitored for approximately 40 minutes prior to the infusion, during the infusion,
and for approximately 50 minutes after the infusion to measure the effect of the GCRA peptides
on diuresis and natriuresis. For comparison, a control group of five rats is infused with regular
saline. Urine and sodium excretion can be assessed. Dose response can also be determined.
polypeptide/GC-C agonist described herein is infused intravenously into mice or primates over
60 minutes. Urine is collected at 30 minute intervals up to 180 minutes after termination of
polypeptide/GC-C agonist infusion, and urine volume, sodium excretion, and potassium

excretion are determined for each collection interval. Blood pressure is monitored continuously.

93

3642



10

20

25

30

35

WO 2010/009319 PCT/US2009/050855

For cach dose a dose-response relationship for urine volume, sodium and potassium excretion

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

before and after iv infusion.

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

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

of

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

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

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

periodically for each rat.
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We claim:

1. A peptide consisting essentially of the amino acid sequence of any one of SEQ ID
NO:1-138.

2. A pharmaceutical composition in unit dose comprising a guanylate cyclase

receptor agonist peptide having the sequence of any one of NO:1-138 present in a therapeutically
effective amount and a pharmacetical carrier, excipient or diluent.

3. The pharmaceutical composition of claim 2, wherein the unit dose form is
selected from the group consisting of a tablet, a capsule, a solution or inhalation formulation.

4, A mcthod for preventing or trcating a condition sclected from the group
consisting of Ulcerative Colitis, Irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC),
non-ulcer dyspepsia chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-
obstruction, duodenogastric reflux, constipation associated with use of opiate pain Killers,
gastroesophageal reflux disecase (GERD), post surgical constipation, gastroparesis, constipation
associated with neuropathic disorders, heartburn, poor gastrointestinal motility , congestive heart
failure, hypertension, benign prostatic hyperplasia (BPH), colon cancer, lung cancer, bladder
cancer, liver cancer, salivary gland cancer or skin cancer, bronchitis, tissue inflammation, organ
inflammation, respiratory inflammation, asthma, COPD comprising administering toa patient in
need thereof, an effective dosage of a guanylate cyclase receptor agonist having the sequence of
any onc of NO:1-138.

5. A method of claim 4, further comprising administering an effective dose of
inhibitor of a cGMP-specific phosphodiesterase.

6. The method of claim 5, further comprising administering to said patient an
effective dose of an inhibitor of cGMP-dependent phosphodiesterase either concurrently or
sequentially with said guanylate cyclase receptor agonist.

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

8. The method of claim 4, futher comprising administering an effective does of at
least one anti-inflammatory agent.

9. The method of claim 8, wherein an anti-inflammatory agent is a steroid or

nonstcroid anti-inflammatory drug (NISAIDS).
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10 The use of any one of the peptides having the sequence of any one of SEQ ID
NO:1-131 in the manufacturc of a medicament for the trecatment of a human discasc.

L1. A method of increasing cGMP production in a cell comprising contacting said cell
with a peptide selected from the group consisting of the amino acid sequence of SEQ ID NO:1-
138.

12. The method of claim 11, further comprising contacting said cell with a
phosphodiesterase inhibitor.

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

vardenifil, and suldenifil.
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TABLE SOLID FORMULATION OF THERAPEUTIC POLYPEPTIDES SUITABLE
FOR ORAL ADMINISTRATION

FIELD
This disclosure concerns solid formulations of therapeutic polypeptides suitable for

oral administration and methods for preparing such formulations.

PRIORITY CLAIM
This application claims priority to United States Application Serial No. 61/094,370,
filed September 04, 2008. The entire contents of the aforementioned application are

incorporated herein by reference.

BACKGROUND

Many therapeutic polypeptides are formulated in aqueous solution because they are
most active in this form. However, most polypeptides are not particularly stable in aqueous
solution, such that the formulations often have a short half-life and require refrigeration.
Although aqueous solutions of polypeptides can be dried by freeze-drying, spray-drying or
other methods, such dried formulations may also be unstable and have reduced activity
relative to an aqueous solution of the polypeptide. Typical break-down mechanisms that
occur both in aqueous solution and in dried formulations include aggregation and oxidative or
hydrolytic degradation. Thus, the majority of therapeutic polypeptides, whether in aqueous

solution or dried, are stored under refrigerated conditions due to their limited stability.

SUMMARY

Solid, stable formulations of therapeutic polypeptides are described herein as are
methods for preparing such formulations. The formulations described herein contain a
therapeutic polypeptide.

The therapeutic polypeptide formulations described herein can be stable and can have
a sufficient shelf life for manufacturing, storing and distributing the drug. For example,
formulations described herein are expected to have a shelf life of at least 12 months at room
temperature storage conditions (e.g., 25°C/60% relative humidity (RH)). In further
embodiments, the formulations described herein are expected to have a shelf life of at least 18
months or at least 24 months at room temperature storage conditions (e.g., 25°C/60% RH).

Thus, when assessed in an assay on a weight/weight basis as determined by high pressure
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liquid chromatography (HPLC) against a therapeutic polypeptide reference standard, > 95%
of the original amount of therapeutic polypeptide in the composition remains after three
months when packaged samples are stored at accelerated conditions (40°C/75% RH). In
further embodiments, > 90% of the original amount of therapeutic polypeptide in the
composition remains after at least 6 months when packaged samples are stored at accelerated
conditions (40°C/75% RH). In addition, chromatographic purity of the therapeutic
polypeptide as determined as area percent by HPLC remains at > 95% over the course of at
least threé months when packaged samples are stored at accelerated conditions (40°C/75%
RH). In further embodiments, the chromatographic purity of the therapeutic polypeptide as
determined by area percent by HPLC remains at > 90% over the course of at least 6 months
when packaged samples are stored at accelerated conditions (40 °C/75% RH). Thus, for
example, no more than about 10% of the therapeutic polypeptide undergoes degradation to
other products.

In one embodiment, the invention comprises a pharmaceutical composition
comprising therapeutic polypeptide, wherein the chromatographic purity of the therapeutic
polypeptide decreases by less than 10% after 18 months or 24 months of storage of the
pharmaceutical composition at 25°C at 60% relative humidity in a sealed container
containing a desiccant. In a further embodiment, the chromatographic purity of the
therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5%, 4% or 2% after 18
months or 24 months of storage of the pharmaceutical composition at 25°C at 60% relative
humidity in a sealed container containing a desiccant. In another embodiment, the invention
comprises a pharmaceutical composition comprising therapeutic polypeptide, wherein the
chromatographic purity of the therapeutic polypeptide decreases by less than 10% after 3
months or 6 months of storage of the pharmaceutical composition at 40°C at 75% relative
humidity in a sealed container containing a desiccant. In a further embodiment, the
chromatographic purity of the therapeutic polypeptide decreases by less than 9%, 8%, 7%,
6%, 5%, 4% or 2% after 3 months or 6 months of storage of the pharmaceutical composition
at 40°C at 75% relative humidity in a sealed contatner containing a desiccant.

In one embodiment, the invention comprises a unit dosage form of a pharmaceutical
composition comprising therapeutic polypeptide, wherein the chromatographic purity of the
therapeutic polypeptide decreases by less than 10% after 18 months or 24 months of storage
of the unit dosage form at 25°C at 60% relative humidity in a sealed container containing a
desiccant. In a further embodiment, the chromatographic purity of the therapeutic
polypeptide decreases by less than 9%, 8%, 7%, 6%, 5%, 4% or 2% after 18 months or 24
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months of storage of the unit dosage form at 25°C at 60% relative humidity in a sealed
container containing a desiccant. In another embodiment, the invention comprises a unit
dosage form of a pharmaceutical composition comprising therapeutic polypeptide, wherein
the chromatographic purity of the therapeutic polypeptide decreases by less than 10% after 3
months or 6 months of storage of the unit dosage form at 40°C at 75% relative humidity in a
sealed container containing a desiccant. In a further embodiment, the chromatographic purity
of the therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5%, 4% or 2% after 3
months or 6 months of storage of the unit dosage form at 40°C at 75% relative humidity in a
sealed container containing a desiccant.

In one embodiment, the invention comprises a sealed container comprising a plurality
of unit dosage forms of a pharmaceutical composition comprising therapeutic polypeptide,
wherein the chromatographic purity of the therapeutic polypeptide decreases by less than
10% after 18 months or 24 months of storage of the sealed container containing a desiccant at
25°C at 60% relative humidity. In a further embodiment, the chromatographic purity of the
therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5%, 4% or 2% after 18
months or 24 months of storage of the sealed container containing a desiccant at 25°C at 60%
relative humidity. In another embodiment, the invention comprises a sealed container
comprising a plurality of unit dosage forms of a pharmaceutical composition comprising
therapeutic polypeptide, wherein the chromatographic purity of the therapeutic polypeptide
decreases by less than 10% after 3 months or 6 months of storage of the sealed container
containing a desiccant at 40°C at 75% relative humidity. In a further embodiment, the
chromatographic purity of the therapeutic polypeptide decreases by less than 9%, 8%, 7%,
6%, 5%, 4% or 2% after 3 months or 6 months of storage of the sealed container containing a
desiccant at 40°C at 75% relative humidity.

In one embodiment, the invention comprises a pharmaceutical composition
comprising therapeutic polypeptide, wherein the assay value for therapeutic polypeptide
determined on a weight/weight basis decreases by less than 10% after 18 months or 24
months of storage of the pharmaceutical composition at 25°C at 60% relative humidity in a
sealed container containing a desiccant. In a further embodiment, the assay value for
therapeutic polypeptide determined on a weight/weight basis decreases by less than 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2% or 1% after 18 months or 24 months of storage of the
pharmaceutical composition at 25°C at 60% relative humidity in a sealed container
containing a desiccant. In another embodiment, the invention comprises a pharmaceutical

composition comprising therapeutic polypeptide, wherein the assay value for therapeutic
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polypeptide determined on a weight/weight basis decreases by less than 10% after 3 months
or 6 months of storage of the pharmaceutical composition at 40°C at 75% relative humidity in
a sealed container containing a desiccant. In a further embodiment, the chromatographic
purity of the therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2% or 1% after 3 months or 6 months of storage of the pharmaceutical composition at 40°C
at 75% relative humidity in a sealed container containing a desiccant.

In one embodiment, the invention comprises a unit dosage form of a pharmaceutical
cdmposition comprising therapeutic polypeptide, wherein the assay value for therapeutic
polypeptide determined on a weight/weight basis decreases by less than 10% after 18 months
or 24 months of storage of the unit dosage form at 25°C at 60% relative humidity in a sealed
container containing a desiccant. In a further embodiment, the assay value for therapeutic
polypeptide determined on a weight/weight basis decreases by less than 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2% or 1% after 18 months or 24 months of storage of the unit dosage form at
25°C at 60% relative humidity in a sealed container containing a desiccant. In another
embodiment, the invention comprises a unit dosage form of a pharmaceutical composition
comprising therapeutic polypeptide, wherein the assay value for therapeutic polypeptide
determined on a weight/weight basis decreases by less than 10% after 3 months or 6 months
of storage of the unit dosage form at 40°C at 75% relative humidity in a sealed container
containing a desiccant. In a further embodiment, the assay value for therapeutic polypeptide
determined on a weight/weight basis decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2% or 1% after 3 months or 6 months of storage of the unit dosage form at 40°C at 75%
relative humidity in a sealed container containing a desiccant.

In one embodiment, the invention comprises a sealed container comprising a plurality
of unit dosage forms of a pharmaceutical composition comprising therapeutic polypeptide,
wherein the assay value for therapeutic polypeptide determined on a weight/weight basis
decreases by less than 10% after 18 months or 24 months of storage of the sealed container at
25°C at 60% relative humidity in a sealed container containing a desiccant. In a further
embodiment, the assay value for therapeutic polypeptide determined on a weight/weight basis
decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% after 18 months or 24
months of storage of the sealed container containing a desiccant at 25°C at 60% relative
humidity. In another embodiment, the invention comprises a sealed container comprising a
plurality of unit dosage forms of a pharmaceutical composition comprising therapeutic
polypeptide, wherein the assay value for therapeutic polypeptide determined on a

weight/weight basis decreases by less than 10% after 3 months or 6 months of storage of the
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sealed container containing a desiccant at 40°C at 75% relative humidity. In a further
embodiment, the assay value for therapeutic polypeptide determined on a weight/weight basis
decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% after 3 months or 6 months
of storage of the sealed container containing a desiccant at 40°C at 75% relative humidity.

The assay value on a weight/weight basis (“weight/weight assay’) may be determined
by comparing, e.g., by HPLC, the amount of therapeutic polypeptide in a sample, to a
therapeutic polypeptide reference standard. As used herein, the weight of therapeutic
polypeptide in a composition after storage at room temperature or accelerated conditions at a
specified time point (e.g., three or six months of storage under accelerated conditions
[40°C/75% RH] or 12, 18 or 24 months of storage under room temperature conditions [25
°C/60% RH]) is compared to the weight of therapeutic polypeptide in a composition at an
initial time (e.g., the time when the pharmaceutical composition is released for clinical or
patient use (“the release date”)) to provide the weight/weight assay value. For example, the
weight of therapeutic polypeptide in a composition is measured after storage for a specified
time at accelerated conditions (40°C/75% RH) and compared to the weight of therapeutic
polypeptide that was present in the sample at the release date. In another example, the weight
of therapeutic polypeptide in a composition is measured after storage for a specified time at
room temperature conditions (25°C/60% RH) and compared to the weight of therapeutic
polypeptide that was present in the sample at the release date. Thus, the phrase “> 90% of the
original amount of therapeutic polypeptide in the composition remains after at least 6 months
when packaged samples are stored at accelerated conditions (40°C/75% RH)” means the
weight of therapeutic polypeptide in the composition measured in an assay on a
weight/weight basis as determined by HPLC after at least 6 months storage at accelerated
conditions is > 90% of the amount of therapeutic polypeptide in the composition present at
the initial time (e.g., the release date of the therapeutic polypeptide composition).

Chromatographic purity of therapeutic polypeptide may be assessed by performing
HPLC under the conditions described herein. The area under the therapeutic polypeptide peak
is measured and compared to the total area under all peaks excluding the solvent peak and
any non-polypeptide related peaks (i.e., peaks associated with excipients that may be
observed in a placebo). As used herein, the chromatographic purity of therapeutic polypeptide
in a composition after storage at room temperature or accelerated conditions at a specified
time point (e.g., three or six months of storage under accelerated conditions [40°C/75% RH]
or 12, 18 or 24 months of storage under room temperature conditions [25 °C/60% RH]) is

compared to the chromatographic purity of therapeutic polypeptide in a composition at an
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initial time (e.g., the time when the pharmaceutical composition is released for clinical or
patient use (“the release date’)) to provide the chromatographic purity value. For example,
the chromatographic purity of therapeutic polypeptide in a composition is measured after
storage for a specified time at accelerated conditions (40°C/75% RH) and compared to the
chromatographic purity of therapeutic polypeptide in the composition at the release date. In
another example, the chromatographic purity of therapeutic polypeptide in a composition is
measured after storage for a specified time at room temperature conditions (25°C/60% RH)
and compared to the chromatographic purity of therapeutic polypeptide in the composition at
the release date.

This disclosure features a method for preparing a pharmaceutical composition
comprising therapeutic polypeptide or a pharmaceutically acceptable salt thereof, the method
comprising: (a) providing a solution, e.g., an aqueous solution (“the coating solution”),
comprising: (i) purified therapeutic polypeptide or a pharmaceutically acceptable salt thereof;
(ii) a cation selected from Mg?*, Ca®*, Zn**, Mn?*, K*, Na* or AI>* and/or a sterically
hindered primary amine (e.g., leucine) and, optionally, (iii) a pharmaceutically acceptable
binder; and (b) applying the coating solution to a pharmaceutically acceptable filler to
generate polypeptide-coated filler (e.g., by spraying, mixing or coating the pharmaceutically
acceptable filler with the coating solution). The method can optionally iﬁclude one or more
of: (1) blending the polypeptide-coated filler with a pharmaceutically acceptable glidant, a
pharmaceutically acceptable lubricant or a pharmaceutically acceptable additive that acts as
both a glidant and lubricant; (ii) blending the polypeptide-coated filler with filler that is not
polypeptide-coated, (iii) blending the polypeptide-coated filler with other additives; (iii)
applying a pharmaceutically acceptable coating additive to the polypeptide-coated filler. The
final pharmaceutical composition can be placed into capsules (e.g., gelatin capsule) or used to
form tablets.

In some embodiments, there is provided a pharmaceutical composition comprising a
pharmaceutically acceptable carrier, therapeutic polypeptide and one or more agents selected
from Mg?*, Ca*, Zn®*, Mn**, K*, Na* or AI*>* and a sterically hindered primary amine,
wherein the agent improves at least one attribute of the composition, relative to a
pharmaceutical composition without the agent. In further embodiments, the agent is Mg2+,
Ca”" or Zn**. In a further embodiment, the agent is Ca’*. In another embodiment, the agent
is a sterically hindered primary amine. In a further embodiment, the sterically hindered
primary amine is an amino acid. In yet a further embodiment, the amino acid is a naturally-

occurring amino acid. In a still further embodiment, the naturally-occurring amino acid is
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selected from the group consisting of: histidine, phenylalanine, alanine, glutamic acid,
aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine, threonine, isoleucine,
tryptophan, methionine, glycine, and valine; yet further, the naturally-occurring amino acid is
leucine, isoleucine, alanine or methionine; in another embodiment, the naturally-occurring
amino acid is leucine or methionine; still further, the naturally-occurring amino acid is
leucine. In another embodiment, the sterically hindered primary amine is a non-naturally
occurring amino acid (e.g., 1-aminocyclohexane carboxylic acid). In a further embodiment,
the sterically hindered primary amine is cyclohexylamine, 2-methylbutylamine or chitosan.
In another embodiment, the sterically hindered primary amine can be a mixture of more than
one sterically hindered primary amine. For example, the sterically hindered primary amine
may be a mixture of two or more amino acids. In further embodiments, the pharmaceutical
composition comprising a therapeutic polypeptide is a mixture of two or more therapeutic
polypeptides.

In other embodiments, there is provided a pharmaceutical composition comprising a
pharmaceutically acceptable carrier, therapeutic polypeptide, a cation selected from Mg2+,
Ca®*, Zn**, Mn**, K*, Na* or AI’>* and a sterically hindered primary amine. In one
embodiment, the cation is Ca’*. In another embodiment, the cation is a mixture of two or
three of Mg?*, Ca®* and Zn?*. In a further embodiment, the pharmaceutical composition
further comprises a pharmaceutically acceptable binder and/or a pharmaceutically acceptable
glidant, lubricant or additive that acts as both a glidant and lubricant and/or an antioxidant. In
a further embodiment, the sterically hindered primary amine is an amino acid. In yet a
further embodiment, the amino acid is a naturally-occurring amino acid. In a still further
embodiment, the naturally-occurring amino acid is selected from the group consisting of:
histidine, phenylalanine, alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine,
asparagine, tyrosine, threonine, isoleucine, tryptophan, methionine, glycine, and valine; yet
further, the naturally-occurring amino acid is leucine, isoleucine, alanine or methionine; in
another embodiment, the naturally-occurring amino acid is leucine or methionine; still
further, the naturally-occurring amino acid is leucine. In another embodiment, the sterically
hindered primary amine can be a mixture of more than one sterically hindered primary
amines. For example, the sterically hindered primary amine may be a mixture of two or more
amino acids.

In some cases the molar ratio of cation:sterically hindered primary amine:therapeutic
polypeptide (e.g., Ca2+:leucine:therapeutic polypeptide) in the aqueous solution applied to the

carrier is 5-100:5-50:1. It can be desirable for the molar ratio of cation:sterically hindered
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primary amine (e.g., Ca’*:leucine) to be equal to or greater than 2:1 (e.g., between 5:1 and
2:1). Thus, in some cases the molar ratio of cation:sterically hindered primary
amine:therapeutic polypeptide (e.g., Ca”*:leucine:therapeutic polypeptide) applied to the
carrier is 100:50:1, 100:30:1, 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, 10:10:1, 10:5:1 or 5:10:1. When binder, e.g., methylcellulose, is present in
the therapeutic polypeptide solution applied to the carrier it can be present at 0.5% - 2.5% by
weight (e:g., 0.7%-1.7% or 0.7% - 1% or 1.5% or 0.7%).

The weight of therapeutic polypeptide applied to a given weight of filler (e.g.,
microcrystalline cellulose) can vary from about 0.02:100 to about 2.67:100. Thus, about 0.05
mg to about 6.0 mg of therapeutic polypeptide can be applied to 225 mg of filler. In a further
embodiment, the weight of therapeutic polypeptide applied to a given weight of filler is about
0.05 mg to about 2.0 mg of therapeutic polypeptide (e.g., 0.1, 0.2, 0.3. 0.4, 0.5, 0.6, 0.7 mg
peptide for 225 mg of filler).

In various embodiments: the sterically hindered primary amine is an amino acid (e.g.,
a naturally-occurring amino acid or a naturally-occurring amino acid selected from histidine,
phenylalanine, alanine, glutamic acid, aspartic acid, glutamine, methionine, asparagine,
tyrosine, threonine, leucine, isoleucine, tryptophan, glycine or valine). In other cases the
sterically hindered primary amine is a non-naturally occurring amino acid (e.g., lanthionine,
theanine or 1-aminocyclohexane carboxylic acid). In a further embodiment, the sterically
hindered primary amine is cyclohexylamine or 2-methylbutylamine. In other cases, the

sterically hindered primary amine is an amino sugar (e.g., chitosan or glucosamine).
R

m\\\L:/Ra
NH,
In some cases, the sterically hindered primary amine has the formula: ,
wherein R, R; and Rj are independently selected from: H; —C(O)OH; C,-Cs alkyl, optionally
substituted by —CO,H, —CONH,;, or a 5-10 membered aryl or heteroaryl; C;-C¢ alkoxyalkyl;
or C;-Ce 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 R;, R; and
R;are H. In a further embodiment, no more than one of R;, Rz and R3is H.
In various cases: the antioxidant is selected from BHA (butylated hydroxyanisole),
BHT (butylated hydroxytoluene), vitamin E, propyl gallate, ascorbic acid and salts or esters
thereof, tocopherol and esters thereof, alpha-lipoic acid, beta-carotene; the pharmaceutically

acceptable binder is polyvinyl alcohol; the pharmaceutically acceptable binder is selected
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from: a starch (e.g., corn starch, pre-gelatinized potato starch, rice starch, wheat starch, and
sodium starch glycollate), maltodextrin and a cellulose ether (e.g., methyl cellulose,
hydroxyethyl cellulose, hydroxyethyl methyl cellulose and hydroxypropyl methyl cellulose);
the pharmaceutically acceptable filler is cellulose (e.g., microfine cellulose or
microcrystalline cellulose); the pharmaceutically acceptable filler is a sugar or a sugar alcohol
(e.g., mannitol, isomalt, sorbitol, dextrose, xylitol, sucrose and lactose); the filler comprises
particles having an average diameter between 50 pm and 1000 pm; the lubricant and/or
glidant is selected from: talc, leucine, magnesium stearate, stearic acid and polyvinyl alcohol;
and the lubricant and/or glidant is selected from: calcium stearate, mineral oil, vegetable oil,
PEG (e.g., PEG that is liquid or solid at room temperature), sodium benzoate, and sodium
lauryl sulfate.

In some cases, the therapeutic polypeptide solution used in a method for preparing the
formulation has a pH below 7 (e.g., a pH between 1 and 3 or a pH between about 1.5 and
about 2.5). The pH can be adjusted with, e.g., phosphoric acid. In some cases, the solution is
buffered. Various pharmaceutically acceptable buffers can be used (e.g., phosphate buffer).

In some cases, the therapeutic polypeptide solution used in a method for preparing the
formulation comprises both a cation (e.g., CaCl,) and a sterically hindered primary amine
(e.g., leucine).

In some cases the therapeutic polypeptide solution comprises CaCl, and leucine; the
binder is methylcellulose; the filler is microcrystalline cellulose; the glidant and/or lubricant
comprises talc or leucine. '

In certain embodiments the therapeutic polypeptide does not comprise or consist of
the amino acid sequence CCEYCCNPACTGCY. In certain embodiments, the therapeutic
polypeptide does not comprise or consist of a GC-C receptors agonist polypeptide.

‘Also featured is a pharmaceutical composition prepared by any of the methods

described herein.

DETAILED DESCRIPTION
Compositions containing a therapeutic polypeptide can include any therapeutic polypeptide,
for example, which include, but are not limited to, bone morphogenic proteins, insulin,
colchicine, glucagon, thyroid stimulating hormone, parathyroid and pituitary hormones,
calcitonin, renin, prolactin, corticotrophin, thyrotropic hormone, follicle stimulating hormone,
chorionic gonadotropin, gonadotropin releasing hormone, bovine somatotropin, porcine

somatotropin, oxytocin, vasopressin, GRF, somatostatin, lypressin, pancreozymin, luteinizing
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hormone, LHRH, LHRH agonists and antagonists, leuprolide, interferons such as interferon
alpha-2a, interferon alpha-2b, and consensus interferon, interleukins, growth hormones such
as human growth hormone and its derivatives such as methione-human growth hormone and
des-phenylalanine human growth hormone, parathyroid hormone, bovine growth hormone
and porcine growth hormone, fertility inhibitors such as the prostaglandins, fertility
promoters, growth factors such as epidermal growth factors (EGF), platelet-derived growth
factors (PDGF), fibro-blast growth factors (FGF), transforming growth factors-alpha (TGF-
a), transforming growth factors-beta (TGF-f), erythropoietin (EPO), insulin-like growth
factor-I-(IGF-I), insulin-like growth factor-I1I (IGF-II), interleukin-1, interleukin-2,
interleukin-6, interleukin-8, tumor necrosis factor-alpha (TNF-a), tumor necrosis factor-beta
(TNFp), Interferon-alpha (INF-a), Interferon-beta (INF-3), Interferon-gamma (INF-y),
Interferon-omega (INF-Q), colony stimulating factors (CSF), vascular cell growth factor
(VEGF), thrombopoietin (TPO), stromal cell-derived factors (SDF), placenta growth factor
(PIGF), hepatocyte growth factor (HGF), granulocyte macrophage colony stimulating factor
(GM-CSF), glial-derived neurotropin factor (GDNF), granulocyte colony stimulating factor
(G-CSF), ciliary neurotropic factor (CNTF), bone growth factor, transforming growth factor,
bone morphogeneic proteins (BMP), coagulation factors, human pancreas hormone releasing
factor, analogs and derivatives of these polypeptides, and pharmaceutically acceptable salts
of these compounds, or their analogs or derivatives. In cetain embodiments, the therapeutic
polypeptide may be a mixture of two or more therapeutic polypeptides described herein.

In some embodiments, the solid, stable formulation of the therapeutic polypeptide is
administered orally. In other embodiments, the solid, stable formulation is solubilized in an
appropriate excipient for administration by other routes. For example, the formulation may
be solubilized and the therapeutic polypeptide may be administered, e.g., by intravenous
injection, intramuscular injection, subcutaneous injection, intraperitoneal injection, topical,
sublingual, intraarticular (in the joints), intradermal, buccal, ophthalmic (including
intraocular), intranasaly (including using a cannula), intraspinally or intrathecally. In one
embodiment, the therapeutic polypeptide composition is provided in a discrete unit, a unit
dosage form, (e. g./, a tablet, a capsule, a sachet) that is effective at such dosage either for
administration orally or for solubilization and subsequent administration by other routes. In
another embodiment, the therapeutic polypeptide is provided in a unit dosage form either for
administration orally or for solubilization for subsequent administration by other routes,
wherein the unit dosage form provides multiple effective dosages (i.e., each unit dosage form

provides more than one effective dosages of the therapeutic polypeptide). In another
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embodiment, the therapeutic polypeptide is provided in a unit dosage form that provides an
effective dosage with multiple unit dosage forms either for administration orally or for
solubilization and subsequent administration by other routes. In certain embodiments, the unit
dosage form and daily dose are equivalent. In various embodiments, the unit dosage form is
administered orally with food at anytime of the day, without food at anytime of the day, with
food after an overnight fast (e.g. with breakfast). In various embodiments, the unit dosage
form is administered once a day, twice a day or three times a day either orally or via another
route. In various embodiments, the unit dosage form is administered once a week, twice a
week, three times a week, once every two weeks, once every three weeks, once every four
weeks, once a month, once every two months, once every three months, or once every six
months either orally or via another route. The unit dosage form can optionally comprise
other additives. In some embodiments, one, two or three unit dosage forms will contain the
dose of therapeutic polypeptide. The precise amount of compound administered to a patient
will be the responsibility of the attendant physician. However, the dose employed will
depend on a number of factors, including the age and sex of the patient, the precise disorder
being treated, and its severity.

A cation of the invention may be provided as a pharmaceutically acceptable salt i.e., a
cation with an appropriate counterion. Examples of pharmaceutically acceptable salts that
may be used in the invention include, without limitation, magnesium acetate, magnesium
chloride, magnesium phosphate, magnesium sulfate, calcium acetate, calcium chloride,
calcium phosphate, calcium carbonate, 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. In one embodiment, a
pharmaceutically acceptable salt that may be used is calcium chloride, magnesium chloride

and zinc acetate.

Rz
R, Rj

NH,

As used herein, the sterically hindered primary amine has the formula: ,
wherein R, R; and R3j are independently selected from: H; —C(O)OH; C1-C6 alkyl,
optionally substituted by —CO,H, —CONH,, or a 5-10 membered aryl or heteroaryl; C1-C6
alkoxyalkyl; or C1-C6 thioalkoxyalkyl, wherein any of the alkyl or aryl groups above can be
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singly or multiply substituted with halogen or -NHa, and provided that no more than two of
Ri, Ry and Rj3 are H. In a further embodiment, no more than one of Ry, R, and R5is H.

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.

The terms C,.m “alkoxyalkyl’” and C,,., “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 C,.6 alkoxyalkyl has a
total of 4-6 carbons divided between the alkyl and alkoxy portion; e.g. it can be
-CH>OCH,CH;CH3, —-CH,;CH,OCH,CH3 or -CH,CH,;CH,OCHs.

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. Unless
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 anthracenyl.

The term “heteroaryl” (or “heteroaromatic” or “heteroaryl group” or “aromatic
heterocycle”) used alone or as part of a larger moiety as in “heteroaralkyl” 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. Unless
otherwise specified, a heteroaryl ring system may be monocyclic, bicyclic or tricyclic and
have a total of five to fourteen ring members. In one embodiment, all rings in a heteroaryl
system 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 attachment is 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 attachment is on the six membered ring.
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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, S-imidazolyl, 3-isoxazolyl, 4-isoxazolyl,
5-isoxazolyl, 2-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.g.,
3-pyridazinyl), 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, tetrazolyl (e.g., 5-tetrazolyl), triazolyl
(e.g., 2-triazolyl and 5-triazolyl), 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-thiadiazolyl, pyrazinyl, 1,3,5-triazinyl, and the
following bicycles: benzimidazolyl, benzofuryl, benzothiophenyl, benzopyrazinyl,
benzopyranonyl, indolyl (e.g., 2-indolyl), purinyl, quinolinyl (e.g., 2-quinolinyl, 3-quinolinyl,
4-quinolinyl), and isoquinolinyl (e.g., 1-isoquinolinyl, 3-isoquinolinyl, or 4-isoquinolinyl).

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, corn starch, potato starch, other starches, gelatin, natural
and synthetic gums such as acacia, powdered tragacanth, guar gum, cellulose and its
derivatives (e.g., ethyl cellulose, cellulose acetate, carboxymethyl cellulose calcium, sodium
carboxymethyl cellulose), polyvinyl pyrrolidone (e.g., polyvinyl pyrrolidone K30), methyl
cellulose, pre-gelatinized starch (e.g., STARCH 1500® and STARCH ISOO LM®, sold by
Colorcon, Ltd.), hypromellose (hydroxypropyl methylcellulose), microcrystalline cellulose
(e.g. AVICEL™, such as, AVICEL-PH-101™, -103™ and -105™, sold by FMC
Corporation, Marcus Hook, PA, USA), 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., Avicel PH101), powdered cellulose, dextrates, kaolin,
mannitol, silicic acid, sorbitol, starch, pre-gelatinized starch, lactose, glucose, fructose,
galactose, trehalose, sucrose, maltose, raffinose, maltitol, melezitose, stachyose, lactitol,
palatinite, xylitol, mannitol, myoinositol, and mixtures thereof.

Examples of pharmaceutically acceptable fillers that may be particularly used for
coating with therapeutic polypeptide include, without limitation, talc, microcrystalline
cellulose (e.g., Avicel PH101),, powdered cellulose, dextrates, kaolin, mannitol, silicic acid,

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

3661



10

15

20

25

30

WO 2010/027404 PCT/US2009/004676
14

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, desiccants,
plasticizers and dyes.

As used herein, an “excipient” is any pharmaceutically acceptable additive, filler,
binder or agent.

As used herein, “purified therapeutic polypeptide” is therapeutic polypeptide or a
pharmaceutically acceptable salt thereof that is greater than or equal to 95 percent pure.
therapeutic polypeptide purity can be measured, for example, by chromatographic purity of
therapeutic polypeptide using HPLC.

In some embodiments, the therapeutic polypeptide composition is provided in a solid
form for oral administration. Examples of such forms include, without limitation, a tablet, a
sachet, a pellet, a capsule or a powder. In some embodiments, the compositions can be used
to create unit dosages forms, e.g., tablets, capsules, sachets or pellets. Orally administered
compositions can include, for example, binders, lubricants, inert diluents, lubricating, surface
active or dispersing additives, flavoring additives, and humectants. Orally administered
formulations such as tablets may optionally be coated or scored and may be formulated so as
to provide sustained, delayed or controlled release of the therapeutic polypeptide therein.

The therapeutic polypeptide can be co-administered or co-formulated with other medications.

The compositions can include, for example, various additional solvents, dispersants,
coatings, absorption promoting additives, controlled release additives, and one or more inert
additives (which include, for example, starches, polyols, granulating additives,
microcrystalline cellulose, diluents, lubricants, binders, disintegrating additives, and the like),
etc. If desired, tablet dosages of the disclosed compositions may be coated by standard
aqueous or non-aqueous techniques. Compositions can also include, for example, anti-caking
additives, preservatives, sweetening additives, colorants, flavors, desiccants, plasticizers,
dyes, and the like.

Suitable disintegrants include, for example, agar-agar, calcium carbonate,
microcrystalline cellulose, croscarmellose sodium, crospovidone, povidone, polacrilin

potassium, sodium starch glycolate, potato or tapioca starch, other starches, pre-gelatinized
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starch, clays, other algins, other celluloses, gums, and mixtures thereof.

Suitable lubricants include, for example, calcium stearate, magnesium stearate,
mineral oil, light mineral oil, glycerin, sorbitol, mannitol, polyethylene glycol, other glycols,
stearic acid, sodium lauryl sulfate, talc, hydrogenated vegetable oil (e.g., peanut oil,
cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil and soybean oil), zinc stearate,
ethyl oleate, ethyl laurate, agar, syloid silica gel (AEROSIL 200, W.R. Grace Co., Baltimore,
MD USA), a coagulated aerosol of synthetic silica (Evonik Degussa Co., Plano, TX USA), a
pyrogenic silicon dioxide (CAB-O-SIL, Cabot Co., Boston, MA USA), and mixtures thereof.

Suitable anti-caking additives include, for example, calcium silicate, magnesium
silicate, silicon dioxide, colloidal silicon dioxide, talc, and mixtures thereof.

Suitable anti-microbial additives that may be used, e.g., as a preservative for the
therapeutic polypeptide compositions, include, for example, 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, and mixtures thereof.

Suitable coating additives include, for example, sodium carboxymethyl cellulose,
cellulose acetate phthalate, ethylcellulose, gelatin, pharmaceutical glaze, hydroxypropyl
cellulose, hydroxypropyl methylcellulose, hydroxypropyl methyl cellulose phthalate,
methylcellulose, polyethylene glycol, polyvinyl acetate phthalate, shellac, sucrose, titanium
dioxide, carnauba wax, microcrystalline wax, and mixtures thereof. |

In certain embodiments, suitable additives for the therapeutic polypeptide

composition include one or more of sucrose, talc, magnesium stearate, crospovidone or BHA.

In certain embodiments, the term “95% may be 95.0%, the term “90%” may be
90.0%, the term “10%” may be 10.0%, the term “9%” may be 9.0%, the term “8%” may be
8.0%, the term “7%” may be 7.0%, the term “6%” may be 6.0%, the term “5%’ may be
5.0%, the term “4%” may be 4.0%, the terfn “3%” may be 3.0%, the term “2%’’ may be
2.0%, and the term “1%’ may be 1.0%.

In certain embodiments, the therapeutic polypeptide composition is provided in a unit
dosage form. In some embodiments, the unit dosage form is a capsule, a tablet, a sachet, a
pellet or a powder. In one such embodiment, the unit dosage form is a capsule or tablet.

Such unit dosage forms may be contained in a container such as, without limitation, a paper
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or cardboard box, a glass or plastic bottle or jar, a re-sealable bag (for example, to hold a
"refill" of tablets for placement into a different container), or a blister pack with individual
doses for pressing out of the pack according to a therapeutic schedule. It is feasible that more
than one container can be used together in a single package to provide a single dosage form.
For example, tablets or capsules may be contained in a bottle which is in turn contained
within a box. In some embodiments, the unit dosage forms are provided in a container
further comprising a desiccant. In a further embodiment, the unit dosage forms, e.g., a
quantity of tablets or capsules, are provided in a container, e.g., a bottle, jar or re-sealable
bag, containing a desiccant. In a further embodiment, the container containing the unit
dosage forms is packaged with administration or dosage instructions. In certain
embodiments, the therapeutic polypeptide composition is provided in a kit. The therapeutic
polypeptide composition described herein and combination therapy agents can be packaged
as a kit that includes single or multiple doses of two or more agents, each packaged or
formulated individually, or single or multiple doses of two or more agents packaged or
formulated in combination. Thus, the therapeutic polypeptide composition can be present in
first container, and the kit can optionally include one or more agents in a second container.
The container or containers are placed within a package, and the package can optionally

include administration or dosage instructions.

EXAMPLES
A therapeutic polypeptide or a pharmaceutically acceptable salt thereof may be
produced and purified using standard techniques known in the art, e.g., chemical synthesis or

recombinant expression followed by and purification using standard techniques.

Example 1: Formulation Method A

Preparation of the Coating Solution: Approximately 32 g to 42 g 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 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. The binder is then added to the solution and the mixture is then stirred for sufficient
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time to achieve a clear solution. The desired amount of therapeutic polypeptide is added to
the solution and mixed for 30-100 minutes to provide the coating solution.

Preparation of the Active Beads: Approximately 30-36 g of dried microcrystalline

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

Example 2: Formulation Method 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 water is
mixed with hydrochloric acid to create a solution with a pH between 1.5 and 2.0. The desired
amount of therapeutic polypeptide is added to the solution and mixed for 10 to 30 minutes.
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 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
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
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are dried with a product drying temperature of 37°C to 47°C. The product of this process is

referred to as active beads.

Example 3: Preparation of capsules containing a therapeutic polypeptide formulation

The therapeutic polypeptide content on active beads may be measured as described
below or by other equivalent methods.

To form capsules suitable for oral administration, an appropriate amount of active
beads is used to fill gelatin capsules (e.g., Size 2 gelatin capsules). An appropriate amount of
active beads may contain 50 pg to 2 mg therapeutic polypeptide per capsule with a range of +
5%. In another embodiment, an appropriate amount of active beads to fill a desired number
of gelatin capsules is placed in a container. One or more pharmaceutically acceptable fillers
or other pharmaceutically acceptable additives may be added, if desired, to the container. In
some embodiments, a filler or additive is talc, leucine, microcrystalline cellulose or mannitol.
The contents of the container are blended and the mixture is used to fill gelatin capsules with
an appropriate amount of active beads containing therapeutic polypeptide (e.g., 50 pg to 2 mg
therapeutic polypeptide per capsule with a range of + 5%).

In an alternative embodiment, an appropriate amount of active beads is used to fill
gelatin capsules and one or more pharmaceutically acceptable fillers or other

pharmaceutically acceptable additives are added to the gelatin capsules.

Example 5: Measurement of therapeutic polypeptide content and purity
Therapeutic polypeptide content and purity may be determined by reverse phase

gradient liquid chromatography. The therapeutic polypeptide content is measured by

detefmining the therapeutic polypeptide concentration in the prepared sample against a

similarly prepared external therapeutic polypeptide standard.
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Claims

1. A pharmaceutical composition comprising a therapeutic polypeptide and a
pharmaceutically acceptable excipient, wherein the chromatographic purity of the therapeutic
polypeptide decreases by less than 10% after (a) 18 months of storage of the pharmaceutical
composition at 25°C at 60% relative humidity in a sealed container containing a desiccant or
(b) 6 months of storage of the pharmaceutical composition at 40°C at 75% relative humidity

in a sealed container containing a desiccant.

2. The pharmaceutical composition according to claim 1, wherein the chromatographic
purity of the therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5%, or 4% after
(a) 18 months of storage of the pharmaceutical composition at 25°C at 60% relative humidity
in a sealed container containing a desiccant or (b) 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

3. A unit dosage form of a pharmaceutical composition comprising a therapeutic
polypeptide and a pharmaceutically acceptable excipient, wherein the chromatographic purity
of the therapeutic polypeptide decreases by less than 10% after (a) 18 months of storage of
the unit dosage form at 25°C at 60% relative humidity in a sealed container containing a
desiccant or (b) 6 months of storage of the unit dosage form at 40°C at 75% relative humidity

in a sealed container containing a desiccant.

4. The unit dosage form accc;rding to claim 3, wherein the chromatographic purity of the
therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5% or 4% after (a) 18
months of storage of the unit dosage form at 25°C at 60% relative humidity in a sealed
container containing a desiccant or (b) 6 months of storage of the unit dosage form at 40°C at

75% relative humidity in a sealed container containing a desiccant.

5. A sealed container comprising a plurality of unit dosage forms of a pharmaceutical
composition comprising a therapeutic polypeptide and a pharmaceutically acceptable
excipient wherein the chromatographic purity of the therapeutic polypeptide decreases by less
than 10% after (a) 18 months of storage of the sealed container containing a desiccant at 25°C
at 60% relative humidity or (b) 6 months of storage of the sealed container containing a

desiccant at 40°C at 75% relative humidity.
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6. The sealed container according to claim 5, wherein the chromatographic purity of the
therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5% or 4% after (a) 18
months of storage of the sealed container containing a desiccant at 25°C at 60% relative
humidity or (b) 6 months of storage of the sealed container containing a desiccant at 40°C at

75% relative humidity.

7. A pharmaceutical composition comprising a therapeutic polypeptide and a
pharmaceutically acceptable excipient, wherein the assay value for therapeutic polypeptide
determined on a weight/weight basis decreases by less than 10% after (a) 18 months of
storage of the pharmaceutical composition at 25°C at 60% relative humidity in a sealed
container containing a desiccant or (b) 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

8. The pharmaceutical composition according to claim 7, wherein the assay value for the
therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1%
after (a) 18 months of storage of the pharmaceutical composition at 25°C at 60% relative
humidity in a sealed container containing a desiccant or (b) 6 months of storage of the
pharmaceutical composition at 40°C at 75% relative humidity in a sealed container

containing a desiccant.

9. A unit dosage form of a pharmaceutical composition comprising a therapeutic
polypeptide and a pharmaceutically acceptable excipient, wherein the assay value for the
receptor agonist polypeptide determined on a weight/weight basis decreases by less than 10%
after (a) 18 months of storage of the unit dosage form at 25°C at 60% relative humidity in a
sealed container containing a desiccant or (b) 6 months of storage of the unit dosage form at

40°C at 75% relative humidity in a sealed container containing a desiccant.

10. The unit dosage form according to claim 9, wherein the assay value for the
therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1%
after (a) 18 months of storage of the unit dosage form at 25°C at 60% relative humidity in a
sealed container containing a desiccant or (b) 6 months of storage of the unit dosage form at

40°C at 75% relative humidity in a sealed container containing a desiccant.
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11. A sealed container comprising a plurality of unit dosage forms of a pharmaceutical
composition comprising a therapeutic polypeptide and a pharmaceutically acceptable
excipient wherein the assay value for therapeutic polypeptide in the unit dosage forms
determined on a weight/weight basis decreases by less than 10% after (a) 18 months of
storage of the sealed container containing a desiccant at 25°C at 60% relative humidity or (b)
6 months of storage the sealed container containing a desiccant at 40°C at 75% relative

humidity.

12. The sealed container according to claim 11, wherein the assay value for the
therapeutic polypeptide decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1%
after (a) 18 months of storage the sealed container containing a desiccant at 25°C at 60%
relative humidity or (b) 6 months of storage the sealed container containing a desiccant at

40°C at 75% relative humidity.

13. The unit dosage form according to any one of claims 3-4 or 9-10, wherein each unit

dosage form contains from 25 pg to 1 g therapeutic polypeptide.

14. The sealed container according to any one of claims 5-6 or 11-12, wherein each unit

dosage form contains from 25 pg to 1 g therapeutic polypeptide.

15. The pharmaceutical composition according to either of claims 1 or 2, wherein the
chromatographic purity of the therapeutic polypeptide (a) 24 months of storage of the
pharmaceutical composition at 25°C at 60% relative humidity in a sealed container
containing a desiccant or (b) 6 months of storage of the pharmaceutical composition at 40°C

at 75% relative humidity in a sealed container containing a desiccant.

16. The unit dosage form according to either of claims 3 or 4, wherein the
chromatographic purity of the therapeutic polypeptide decreases by less than 10% after (a) 24
months of storage of the unit dosage form at 25°C at 60% relative humidity in a sealed
container containing a desiccant or (b) 6 months of storage of the unit dosage form at 40°C at

75% relative humidity in a sealed container containing a desiccant.

17. The sealed container according to either of claims 5 or 6, wherein the

chromatographic purity of the therapeutic polypeptide decreases by less than 10% after (a) 24
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months of storage of the pharmaceutical composition at 25°C at 60% relative humidity in a
sealed container containing a desiccant or (b) 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

18. The pharmaceutical composition according to either of claims 7 or 8, wherein the
assay value of the therapeutic polypeptide decreases by less than 10% after (a) 24 months of
storage of the pharmaceutical composition at 25°C at 60% relative humidity in a sealed
container containing a desiccant or (b) 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

19. The unit dosage form according to either of claims 9 or 10, wherein the assay value of
the therapeutic polypeptide decreases by less than 10% after (a) 24 months of storage of the
unit dosage form at 25°C at 60% relative humidity in a sealed container containing a
desiccant or (b) 6 months of storage of the unit dosage form at 40°C at 75% relative humidity

in a sealed container containing a desiccant.

20. The sealed container according to either of claims 11 or 12, wherein the assay value
of the therapeutic polypeptide decreases by less than 10% after (a) a first 24 months of
storage of the sealed container containing a desiccant at 25°C at 60% relative humidity or (b)
a first 6 months of storage of the sealed container containing a desiccant at 40°C at 75%

relative humidity.

21. A pharmaceutical composition comprising a pharmaceutically acceptable carrier, a
therapeutic polypeptide and one or more agents selected from Mg**, Ca®*, Zn**, Mn**, K*,
Na* or Al>* ora sterically hindered primary amine, wherein the agent improves at least one
attribute of the composition, relative to a pharmaceutical composition without the agent, after
(a) a first 18 months of storage of the pharmaceutical composition at 25°C at 60% relative
humidity in a sealed container containing a desiccant or (b) a first 6 months of storage of the
pharmaceutical composition at 40°C at 75% relative humidity in a sealed container
containing a desiccant, wherein the attribute is selected from: a decrease in the rate of
degradation of therapeutic polypeptide as measured by therapeutic polypeptide content, a
decrease in the rate of degradation of therapeutic polypeptide as measured by
chromatographic purity of therapeutic polypeptide, a decrease in the amount of a therapeutic

polypeptide oxidation product relative to the amount of therapeutic polypeptide, and a
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decrease in the amount of a therapeutic polypeptide hydrolysis product relative to the amount

of therapeutic polypeptide.

22. The pharmaceutical composition according to claim 21, wherein the agent is Mg?*, Ca?*,

Zn**, Mn?*, K*, Na* or AI’*.

23. The pharmaceutical composition according to claim 22, wherein the agent is Mg®*,

Ca** or Zn?*.

24.  The pharmaceutical composition according to claim 22, wherein the Mg?*, Ca>*, Zn®*,
Mn?*, K*, Na* or AI** is provided as magnesium acetate, magnesium chloride, magnesium
phosphate, magnesium sulfate, calcium acetate, calcium chloride, calcium phosphate, calcium
carbonate, 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.

25.  The pharmaceutical composition according to claim 24, wherein Mg?*, Ca®*, Zn**,
Mn?*, K*, Na* or Al** is provided as magnesium chloride, calcium chloride, calcium
phosphate, calcium sulfate, zinc acetate, manganese chloride, potassium chloride, sodium

chloride or aluminum chloride.

26. The pharmaceutical composition according to claim 21, wherein the agent is Mg2+,

2 2
Ca™* or Zn™.

27.  The pharmaceutical composition according to claim 26, wherein the Mg**, Ca®* or

Zn** is provided as magnesium chloride, calcium chloride or zinc acetate.
28. The pharmaceutical composition according to claim 26, wherein the agent is Ca”*.

20. The pharmaceutical composition according to claim 27, wherein the Ca™ is provided

as calcium chloride.
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30. The pharmaceutical composition according to claim 21, wherein the agent is a
sterically hindered primary amine.
31. The pharmaceutical composition according to claim 30, wherein the sterically
hindered primary amine is an amino acid.
32. The pharmaceutical composition according to claim 31, wherein the amino acid is a
naturally-occurring amino acid.
33. The pharmaceutical composition according to claim 32, wherein the naturally-

PCT/US2009/004676

occurring amino acid is histidine, phenylalanine, alanine, glutamic acid, aspartic acid,

glutamine, leucine, methionine, asparagine, tyrosine, threonine, isoleucine, tryptophan,

methionine, glycine or valine.

34. The pharmaceutical composition according to claim 33, wherein the naturally-

occurring amino acid is leucine, isoleucine, alanine or methionine.

35. The pharmaceutical composition according to claim 34, wherein the naturally-

occurring amino acid is leucine or methionine.

36. The pharmaceutical composition according to claim 35, wherein the naturally-

occurring amino acid is leucine.

37. The pharmaceutical composition according to claim 30, wherein the sterically

hindered primary amine is a non-naturally occurring amino acid.

38. The pharmaceutical composition according to claim 37, wherein the non-naturally

occurring amino acid is 1-aminocyclohexane carboxylic acid.

39. The pharmaceutical composition according to claim 30, wherein the sterically
. R
R, Rs
NH,

hindered primary amine has the formula:

, wherein Ry, R, and R; are
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independently selected from: H; —C(O)OH; C,-Cs alkyl, optionally substituted by —CO,H,
—CONH3, or a 5-10 membered aryl or heteroaryl; C,-Cs alkoxyalkyl; or C;-Csg
thioalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply

substituted with halogen or —-NHj,, and provided that no more than two of R;, Rz and Rz are H.

40. The pharmaceutical composition according to claim 39, wherein the sterically

hindered primary amine is cyclohexylamine or 2-methylbutylamine.

41. The pharmaceutical composition according to claim 30, wherein the sterically

hindered primary amine is chitosan.

42. The pharmaceutical composition according to any one of claims 30-41, wherein the

pharmaceutical composition further comprises Mg?*, Ca**, Zn?*, Mn?*, K*, Na* or AI**.

43.  The pharmaceutical composition according to claim 42, wherein the Mg?*, Ca®*, Zn*,
Mn2+, K*, Na* or Al is provided as magnesium acetate, magnesium chloride, magnesium
phosphate, magnesium sulfate, calcium acetate, calcium chloride, calcium phosphate, calcium
carbonate, 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.

44. The pharmaceutical composition according to claim 43, wherein Mg?*, Ca**, Zn**,
Mn?*, K*, Na* or AI’* is provided as magnesium chloride, calcium chloride, calcium
phosphate, calcium sulfate, zinc acetate, manganese chloride, potassium chloride, sodium

chloride or aluminum chloride.

45. The pharmaceutical composition according to claim 42, wherein the M g2+, Ca”* or

Zn** is provided as magnesium chloride, calcium chloride or zinc acetate.

46. The pharmaceutical composition according to claim 42, wherein the pharmaceutical

composition further comprises Ca”*.
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47. The pharmaceutical composition according to claim 46, wherein the Ca®* is provided
as calcium chloride.
48. The pharmaceutical composition according to any one of claims 21-47, further
comprising an antioxidant.
49. The pharmaceutical composition according to claim 48, wherein the antioxidant is
BHA, vitamin E or propyl gallate.
50. A pharmaceutical composition comprising a pharmaceutically acceptable carrier,

therapeutic polypeptide, a cation selected from Mg?*, Ca®*, Zn**, Mn?*, K*, Na* or AI’* and a

sterically hindered primary amine.

51. The pharmaceutical composition according to claim 50 further comprising a

pharmaceutically acceptable binder.

52. The pharmaceutical composition according to claim 50 or 51 further comprising a
pharmaceutically acceptable glidant, lubricant or additive that acts as both a glidant and

lubricant.

53. The pharmaceutical composition according to any one of claims 50-52 wherein the

sterically hindered primary amine is an amino acid.

54. The pharmaceutical composition according to claim 53 wherein the amino acid is a

naturally-occurring amino acid.

55. The pharmaceutical composition according to claim 54 wherein the naturally-
occurring amino acid is histidine, phenylalanine, alanine, glutamic acid, aspartic acid,
glutamine, leucine, methionine, asparagine, tyrosine, threonine, isoleucine, tryptophan,

methionine, glycine or valine.

56. The pharmaceutical composition according to claim 55 wherein the naturally-

occurring amino acid is leucine, isoleucine, alanine or methionine.
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57. The pharmaceutical composition of claim 56 wherein the naturally-occurring amino
acid is leucine.
58. The pharmaceutical composition according to claim 50, wherein the sterically

hindered primary amine is a non-naturally occurring amino acid.

59. The pharmaceutical composition according to claim 58, wherein the non-naturally

occurring amino acid is 1-aminocyclohexane carboxylic acid.

60. The pharmaceutical composition according to claim 50, wherein the sterically
Rz
Rﬁ\\L</R3
NH;
hindered primary amine has the formula: , wherein R, R, and Rj are

independently selected from: H; —C(O)OH; C,-Cg alkyl, optionally substituted by —CO,H,
—CONHj,, or a 5-10 membered aryl or heteroaryl; 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 —-NH;, and provided that no more than two of Ry, R and Rj are H.

61. The pharmaceutical composition according to claim 60, wherein the sterically

hindered primary amine is cyclohexylamine or 2-methylbutylamine.

62. The pharmaceutical composition according to claim 50, wherein the sterically

hindered primary amine is chitosan.

63. The pharmaceutical composition according to any one of claims 50-62 further

comprising an antioxidant.

64. The pharmaceutical composition according to claim 63, wherein the antioxidant is

BHA, vitamin E or propyl gallate.

65. The pharmaceutical composition according to any of claims 51-64 wherein the
pharmaceutically acceptable binder is selected from polyvinyl alcohol, povidone, a starch,

maltodextrin or a cellulose ether.
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66. The pharmaceutical composition of claim 65 wherein the pharmaceutically acceptable
binder is a cellulose ether.
67. The pharmaceutical composition of claim 66 wherein the cellulose ether is selected

from: methyl cellulose, hydroxyethyl cellulose, hydroxyethyl methyl cellulose and
hydroxypropyl methyl cellulose.

68. The pharmaceutical composition of any of claims 50-67, further comprising a

pharmaceutically acceptable filler.

69. The pharmaceutical composition according to claim 68, wherein the pharmaceutically

acceptable filler is cellulose, isomalt, mannitol or dibasic calcium phosphate.

70. The pharmaceutical composition of claim 69 wherein the cellulose is selected from

microfine cellulose and microcrystalline cellulose.

71. The pharmaceutical composition of any of claims 68-70, wherein the
pharmaceutically acceptable filler comprises particles having an average diameter between

150 pm and 1000 pm.

72. The pharmaceutical composition according to any of claims 50-71, wherein the Mg2+,
Ca®*, Zn**, Mn**, K*, Na* or AI’* is provided as magnesium acetate, magnesium chloride,
magnesium phosphate, magnesium sulfate, calcium acetate, calcium chloride, calcium
phosphate, calcium carbonate, 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.

73. The pharmaceutical composition according to claim 72, wherein Mg2+, Ca®*, Zn*,
Mn**, K*, Na* or AI** is provided as magnesium chloride, calcium chloride, calcium
phosphate, calcium sulfate, zinc acetate, manganese chloride, potassium chloride, sodium

chloride or aluminum chloride.
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74. The pharmaceutical composition of claim 73, wherein Mg2+, Ca®*, or Zn** is provided

as magnesium chloride, calcium chloride or zinc acetate.
75. The pharmaceutical composition of any of claims 50-71 wherein the cation is Ca®".

76. The pharmaceutical composition according to claim 75, wherein the cation is

provided as calcium chloride.

77. The pharmaceutical composition of either of claims 75 or 76 wherein the sterically .

hindered primary amine is leucine.

78. The pharmaceutical composition of claim 77 wherein the molar ratio of Ca®* to

leucine is at least 1:1.

79. The pharmaceutical composition of claim 78 wherein the molar ratio of Ca** to

leucine is at least 1.5:1.

80. The pharmaceutical composition of claim 79, wherein the molar ratio of Ca’* to

leucine is at least 2:1.

81. The pharmaceutical composition of any of claims 50-80 wherein the sterically
hindered amine is leucine and the molar ratio of leucine to therapeutic polypeptide is at least

10:1.

82. The pharmaceutical composition of claim 81 wherein the molar ratio of leucine to

therapeutic polypeptide is at least 20:1.

83. The pharmaceutical composition of claim 82 wherein the molar ratio of leucine to

therapeutic polypeptide is at least 30:1.
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84. The pharmaceutical composition of any of claims 50-83, wherein pharmaceutical
composition comprises a filler and the weight ratio of therapeutic polypeptide to

pharmaceutically acceptable filler is between 1:25 and 1:2,500.

85. The pharmaceutical composition according to claim 84, wherein the weight ratio of

therapeutic polypeptide to pharmaceutically acceptable filler is between 1:100 and 1:2000.

86. The pharmaceutical composition according to claim 85, wherein the weight ratio of

therapeutic polypeptide to pharmaceutically acceptable filler is between 1:100 and 1:1000.

87. The pharmaceutical composition according to any one of claims 50-86, wherein the
molar ratio of cation:sterically hindered primary amine:therapeutic polypeptide is 40-100:20-

50:1.
88. The pharmaceutical composition according to claim 87, wherein the cation is Ca”*.

89. The pharmaceutical composition according to claim 88, wherein the sterically

hindered primary amine is leucine.

90. The pharmaceutical composition according to claim 89, wherein the molar ratio of
Ca2+:1cucine:therapeutic polypeptide is 100:30:1, 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, 10:10:1, 10:5:1, 5:10:1 or 5:5:1.

91. The pharmaceutical composition according to claim 90, wherein the molar ratio of

Ca2+:leucine:therapeutic polypeptide is 60:30:1.

92. The pharmaceutical composition according to any one of claims 88-91, wherein the

cation is provided as CaCl..

v

93. A capsule or tablet comprising the pharmaceutical composition according to any one

of claims 50-92.

94. The capsule or tablet according to claim 93, wherein each capsule or tablet comprises

25 pgto 1 g therapeutic polypeptide.
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95. The capsule or tablet according to claim 94, wherein each capsule or tablet comprises
100 pg to 500 mg therapeutic polypeptide.
96. A method for preparing a pharmaceutical composition comprising therapeutic

polypeptide or a salt thereof, the method comprising:
(a) providing an aqueous solution comprising:
(i) a therapeutic polypeptide or a pharmaceutically acceptable salt thereof
(i1) one or more of a cation selected from Mg”*, Ca?*, Zn**, Mn**, K*, Na*
or AI** and a sterically hindered primary amine; and
(iii)  a pharmaceutically acceptable binder; and
(b) applying the aqueous solution to a pharmaceutically acceptable filler to

generate therapeutic polypeptide-coated filler.

97. The method of claim 96, wherein the aqueous solution comprises a cation.

98. The method of claim 96, wherein the aqueous solution comprises a sterically hindered

primary amine.

99. The method of claim 96, wherein the aqueous solution comprises a cation and a

sterically hindered primary amine.

100. The method of any one of claims 96-99, wherein the aqueous solution further

comprises an antioxidant.

101. The method of claim 100 wherein the antioxidant is BHA, BHT, vitamin E, propyl
gallate, ascorbic acid and salts or esters thereof, tocopherol and esters thereof, alpha-lipoic

acid or beta-carotene.

102. The method of claim 101 wherein the antioxidant is BHA.

103. The method of claim 98, wherein the sterically hindered primary amine is an amino

acid.
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104. The method of claim 103, wherein the amino acid is a naturally-occurring amino acid.

105. The method of claim 104, wherein the naturally-occurring amino acid is selected from
histidine, phenylalanine, alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine,

asparagine, tyrosine, threonine, isoleucine, tryptophan, methionine, glycine, or valine.

106. The method of claim 105, wherein the naturally-occurring amino acid is leucine,

isoleucine, alanine or methionine.

107. The method of claim 106, wherein the naturally-occurring amino acid is leucine or

methionine.
108. The method of claim 107, wherein the naturally-occurring amino acid is leucine.

109. The pharmaceutical composition according to claim 98, wherein the sterically

hindered primary amine is a non-naturally occurring amino acid.

110. The pharmaceutical composition according to claim 109, wherein the non-naturally

occurring amino acid is 1-aminocyclohexane carboxylic acid.

111. The pharmaceutical composition according to claim 98, wherein the sterically

Rp\\J<:,R3
NH,
hindered primary amine has the formula: , wherein Ry, R; and R; are
independently selected from: H; —C(O)OH; C,-Cs alkyl, optionally substituted by —CO,H,

—CONH,, or a 5-10 membered aryl or heteroaryl; C,-Cs alkoxyalkyl; or C,-Cs
thioalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply

substituted with halogen or -NHj;, and provided that no more than two of R, R; and R; are H.

112. The pharmaceutical composition according to claim 111, wherein the sterically

hindered primary amine is cyclohexylamine or 2-methylbutylamine.
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113. The pharmaceutical composition according to claim 98, wherein the sterically

hindered primary amine is chitosan.

114. The method of any one of claims 96-113, wherein the aqueous solution further

comprises Ca’*.
115. The method of claim 114, wherein the Ca®* is provided as CaCl,.

116. The method of any one of claims 103-115, wherein the aqueous solution further

comprises an antioxidant.
117. The method of claim 116, wherein the antioxidant is BHA.

118. The method of any one of claims 96-117, wherein the binder is selected from

polyvinyl alcohol, a starch, maltodextrin or a cellulose ether.

119. The method of claim, 118, wherein the binder is a cellulose ether selected from methyl
cellulose, hydroxyethyl cellulose, hydroxyethyl methyl cellulose or hydroxypropyl methyl

cellulose.

120. The method of any one of claims 96-119, wherein the filler is selected from cellulose,

isomalt, mannitol or dibasic calcium phosphate.

121. The method of claim 120, wherein the filler is microfine cellulose or microcrystalline

cellulose.

122.  The method of any one of claims 96-121, wherein the aqueous solution is applied to

the filler by spraying.

123. The method of any one of claims 96-122, wherein the weight ratio of therapeutic

polypeptide to pharmaceutically acceptable filler is between 1:100 and 1:2500.

124.  The method according to claim 123, wherein the weight ratio of therapeutic

polypeptide to pharmaceutically acceptable filler is between 1:100 and 1:1000.
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125. The method according to any one of claims 96-124, wherein the aqueous solution
comprises a cation and a sterically hindered primary amine, and the molar ratio of

cation:sterically hindered primary amine:therapeutic polypeptide is 40-100:20-30:1.
126. The method according to claim 125, wherein the cation is Ca’”.

127. The method according to claim 125, wherein the sterically hindered primary amine is

leucine.

128. The method according to claim 125, wherein the cation is Ca** and the sterically
hindered primary amine is leucine, and the molar ratio of Ca®*:leucine:therapeutic
polypeptide is 100:30:1, 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, 10:10:1, 10:5:1 or 5:5:1.

129. The method according to claim 128, wherein the molar ratio of

Ca’*:leucine:therapeutic polypeptide is 60:30:1.

130. The method according to any one of claims 123-129, wherein the pharmaceutically

acceptable filler is selected from cellulose, isomalt, mannitol or dibasic calcium phosphate.

131. The method according to claim 130, wherein the pharmaceutically acceptable filler is

microfine cellulose or microcrystalline cellulose.

132. The method according to any one of claims 123-131, wherein the pharmaceutically

acceptable binder is polyvinyl alcohol, a starch, maltodextrin or a cellulose ether.

133. The method according to claim 132, wherein the pharmaceutically acceptable binder
is a cellulose ether selected from methyl cellulose, hydroxyethyl cellulose, hydroxyethyl

methyl cellulose or hydroxypropyl methyl cellulose.

134. The method according to any one of claims 96-133, wherein the therapeutic

polypeptide-coated filler is mixed with one or more pharmaceutically acceptable additives.
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135. The method according to any one of claims 96-134, further comprising tableting or

encapsulating the therapeutic polypeptide-coated filler in a tablet or capsule, respectively.

136. The method according to claim 135, wherein the therapeutic polypeptide-coated filler

is encapsulated in a capsule.

137. The method according to claim 136, wherein the capsule is a gelatin capsule.

138.  The method according to either of claims 136 or 137, wherein each capsule contains

25 ng to 1 g therapeutic polypeptide.

139. The method according to claim 138, wherein each capsule contains 100 pg to 500 mg

therapeutic polypeptide.

140. The method according to claim 139, wherein each capsule contains 200 pg to 100 mg

therapeutic polypeptide.

141. A pharmaceutical composition comprising therapeutic polypeptide and a
pharmaceutically acceptable excipient, wherein the chromatographic purity of the therapeutic
polypeptide is greater than or equal to 90% after (a) 18 months of storage of the
pharmaceutical composition at 25°C at 60% relative humidity in a sealed container
containing a desiccant or (b) 6 months of storage of the pharmaceutical composition at 40°C

at 75% relative humidity in a sealed container containing a desiccant.

142. The pharmaceutical composition according to claim 141, wherein the
chromatographic purity of the therapeutic polypeptide is greater than or equal to 91%, 92%,
93%, 94%, 95% or 96% after (a) 18 months of storage of the pharmaceutical composition at
25°C at 60% relative humidity in a sealed container containing a desiccant or (b) 6 months of
storage of the pharmaceutical composition at 40°C at 75% relative humidity in a sealed

container containing a desiccant.

143. A unit dosage form of a pharmaceutical composition comprising therapeutic
polypeptide and a pharmaceutically acceptable excipient, wherein the chromatographic purity

of the therapeutic polypeptide is greater than or equal to 90% after (a) 18 months of storage
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of the unit dosage form at 25°C at 60% relative humidity in a sealed container containing a
desiccant or (b) 6 months of storage of the unit dosage form at 40°C at 75% relative humidity

in a sealed container containing a desiccant.

144.  The unit dosage form according to claim 143, wherein the chromatographic purity of
the therapeutic polypeptide is greater than or equal to 91%, 92%, 93%, 94%, 95% or 96%
after (a) 18 months of storage of the unit dosage form at 25°C at 60% relative humidity in a
sealed container containing a desiccant or (b) 6 months of storage of the unit dosage form at

40°C at 75% relative humidity in a sealed container containing a desiccant.

145. A sealed container comprising a plurality of unit dosage forms of a pharmaceutical
composition comprising therapeutic polypeptide and a pharmaceutically acceptable excipient
wherein the chromatographic purity of the therapeutic polypeptide is greater than or equal to
90% after (a) 18 months of storage of the sealed container containing a desiccant at 25°C at
60% relative humidity or (b) 6 months of storage of the sealed container containing a

desiccant at 40°C at 75% relative humidity.

146. The sealed container according to claim 145, wherein the chromatographic purity of
the therapeutic polypeptide is greater than or equal to 91%, 92%, 93%, 94%, 95% or 96%
after (a) 18 months of storage of the sealed container containing a desiccant at 25°C at 60%
relative humidity or (b) 6 months of storage of the sealed container containing a desiccant at
40°C at 75% relative humidity.

147. A pharmaceutical composition comprising’ therapeutic polypeptide and a
pharmaceutically acceptable excipient, wherein the assay value for therapeutic polypeptide
determined on a weight/weight basis is greater than or equal to 90% after (a) 18 months of
storage of the pharmaceutical composition at 25°C at 60% relative humidity in a sealed
container containing a desiccant or (b) 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

148. The pharmaceutical composition according to claim 147, wherein the assay value for
the therapeutic polypeptide is greater than or equal to 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% after (a) 18 months of storage of the pharmaceutical composition at 25°C

at 60% relative humidity in a sealed container containing a desiccant or (b) 6 months of
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storage of the pharmaceutical composition at 40°C at 75% relative humidity in a sealed

container containing a desiccant.

149. A unit dosage form of a pharmaceutical composition comprising therapeutic
polypeptide and a pharmaceutically acceptable excipient, wherein the assay value for
therapeutic polypeptide determined on a weight/weight basis is greater than or equal to 90%
after (a) 18 months of storage of the unit dosage form at 25°C at 60% relative humidity in a
sealed container containing a desiccant or (b) 6 months of storage of the unit dosage form at

40°C at 75% relative humidity in a sealed container containing a desiccant.

150. The unit dosage form according to claim 149, wherein the assay value for the

therapeutic polypeptide is greater than or equal to 91%, 92%, 93%, 94%, 95%, 96%, 97 %,
98% or 99% after (a) 18 months of storage of the unit dosage form at 25°C at 60% relative
humidity in a sealed container containing a desiccant or (b) 6 months of storage of the unit

dosage form at 40°C at-75% relative humidity in a sealed container containing a desiccant.

151. A sealed container comprising a plurality of unit dosage forms of a pharmaceutical
composition comprising therapeutic polypeptide and a pharmaceutically acceptable excipient
wherein the assay value for therapeutic polypeptide in the unit dosage forms determined on a
weight/weight basis is greater than or equal to 90% after (a) 18 months of storage of the
sealed container containing a desiccant at 25°C at 60% relative humidity or (b) 6 months of

storage the sealed container containing a desiccant at 40°C at 75% relative humidity.

152. The sealed container according to claim 151, wherein the assay value for the
therapeutic polypeptide is greater than or equal to 91%, 92%, 93%, 94%, 95%, 96%, 97 %,
98% or 99% after (a) 18 months of storage the sealed container containing a desiccant at
25°C at 60% relative humidity or (b) 6 months of storage the sealed container containing a

desiccant at 40°C at 75% relative humidity.

152. The pharmaceutical composition according to either of claims 141 or 142, wherein the
chromatographic purity of the therapeutic polypeptide is greater than 90% after (a) 24 months
of storage of the pharmaceutical composition at 25°C at 60% relative humidity in a sealed
container containing a desiccant or (b) 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.
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153. The unit dosage form according to either of claims 143 or 144, wherein the
chromatographic purity of the therapeutic polypeptide is greater than 90% after (a) 24 months
of storage of the unit dosage form at 25°C at 60% relative humidity in a scaled container
containing a desiccant or (b) 6 months of storage of the unit dosage form at 40°C at 75%

relative humidity in a sealed container containing a desiccant.

154. The sealed container according to either of claims 145 or 146, wherein the
chromatographic purity of the therapeutic polypeptide is greater than 90% after (a) a first 24
months of storage of the sealed container containing a desiccant at 25°C at 60% relative
humidity or (b) a first 6 months of storage of the sealed container containing a desiccant at

40°C at 75% relative humidity.

155. The pharmaceutical composition according to either of claims 147 or 148, wherein the
assay value of the therapeutic polypeptide is greater than 90% after (a) a first 24 months of
storage of the pharmaceutical composition at 25°C at 60% relative humidity in a sealed
container containing a desiccant or (b) a first 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

156. The unit dosage form according to either of claims 149 or 150, wherein the assay
value of the therapeutic polypeptide is greater than 90% after (a) a first 24 months of storage
of the unit dosage form at 25°C at 60% relative humidity in a sealed container containing a
desiccant or (b) a first 6 months of storage of the unit dosage form at 40°C at 75% relative

humidity in a sealed container containing a desiccant.

157. The sealed container according to either of claims 151 or 152, wherein the assay value
of the therapeutic polypeptide is greater than 90% after (a) a first 24 months of storage of the
sealed container containing a desiccant at 25°C at 60% relative humidity or (b) a first 6
months of storage of the sealed container containing a desiccant at 40°C at 75% relative

humidity.
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FORMULATIONS OF GUANYLATE CYCLASE C AGONISTS AND
METHODS OF USE

RELATED APPLICATIONS

[01] This application claims the benefit of priority to U.S. Provisional Application No.
61/119,521 filed on December 3, 2008, the contents of which is incorporated by reference in its

entirety
FIELD OF THE INVENTION

[02] The present invention relates to novel formulations of guanylate cyclase C
agonists which are optimized for delivery to specific regions of the gastrointestinal tract and are

useful for the treatment and prevention of gastrointestinal diseases and disorders.

BACKGROUND OF THE INVENTION

[03] Guanylate cyclase C is a transmembrane form of guanylate cyclase that is
expressed on various cells, including gastrointestinal epithelial cells (reviewed 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 sharc a similar primary amino acid structurc with two peptides isolated from
intestinal mucosa and urine, guanylin and uroguanylin (Currie, et al., Proc. Nat 'l Acad. Sci. US4
89:947-951 (1992); Hamra, 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, et 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 of fluid and
clectrolyte 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 columnar epithelial cells of the small intestines and colon). The binding of
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the guanylin peptides to guanylate cyclase C induces electrolyte and water excretion into the
intestinal lumen via a complex intracellular signaling cascade that is initiated by an increase in

cyclic guanosine monophosphate (cGMP).

[05] The cGMP-mediated signaling that is initiated by the guanylin peptides is critical
for the normal functioning of the gut. Any abnormality in this process could lcad to
gastrointestinal disorders such as irritable bowel syndrome (IBS) and inflammatory bowel
discascs. Inflammatory bowel discasc is a general name given to a group of disorders that causc
the intestines to become inflamed, characterized by red and swollen tissue. Examples include
ulcerative colitis and Crohn’s disease. Crohn's disease is a serious inflammatory disease that
predominantly affects the ileum 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 which all 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 discase may be referred to as
ilcitis, regional enteritis, colitis, ctc. Crohn's discasc and ulccrative colitis differ from spastic
colon or irritable 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 Americans are afflicted with inflammatory bowel disease, with male and female
patients appearing to be equally affected. Most cases are diagnosed before age 30, but the

disease can occur in the sixth, seventh, and later decades of life.

[06] IBS and chronic idiopathic constipation are pathological conditions that can cause
a grcat dcal of intestinal discomfort and distress but unlike the inflammatory bowcel discascs, 1BS
does not cause the serious inflammation or changes in bowel tissue and it is not thought to
increase the risk of colorectal cancer. In the past, inflammatory bowel disease, 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 development of postinfective irritable bowel syndrome.

Clinical risk factors include prolonged acute illness and the absence of vomiting. A genetically
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determined susceptibility to inflammatory stimuli may also be a risk factor for irritable bowel
syndrome. The underlying pathophysiology indicates increased intestinal permeability and low-
grade inflammation, as well as altered motility and visceral sensitivity. 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 discases (IBD) are not
known, a disruption in the proccss of continual rencwal of the gastrointestinal mucosa may
contribute to discase pathology in IBD and aggravate IBS. The renewal process of the
gastrointestinal 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 programmed cellular death (apoptosis) of
epithelial cells lining the gut mucosa. Cells are continually lost from the villus into the lumen of
the gut and are replenished at a substantially equal rate by the proliferation of cells in the crypts,
followed by their upward movement to the villus. The rates of cell proliferation and apoptosis in
the gut cpitheclium can be incrcascd or decreased in a varicty of circumstances, e.g., in responsc
to physiological stimuli such as aging, inflammatory signals, hormones, peptides, growth factors,
chemicals and dietary habits. In addition, an enhanced proliferation rate is frequently associated
with a reduction in turnover time and an expansion of the proliferative zone. 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 determine the proliferation index.
Reduced rates of apoptosis are often associated with abnormal growth, inflammation, and
ncoplastic transformation. Thus, both incrcascd prolifcration and/or reduccd ccll death may
increase the proliferation index of intestinal tissue, which may in turn lead to gastrointestinal

inflammatory discases.

[08] 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 proliferation and apoptosis. For

example, uroguanylin and guanylin peptides appear to promote apoptosis by controlling cellular
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ion flux. Given the prevalence of inflammatory conditions in Western socicties a need exists to
improve the treatment options for inflammatory conditions, particularly of the gastrointestinal

tract.

SUMMARY OF THE INVENTION

[09] The present invention provides novel formulations of guanylate cyclase C agonists
(“GCC 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
duodenum or jejunum, or to the distal small intestines or the large intestines, preferably the
ileum, terminal ileum, or ascending colon. The formulations optimized for delivery of a GCC
agonist to the duodenum or jejunum are particularly useful for the treatment or prevention of a
disease or disorder selected from the group consisting of irritable bowel syndrome (preferably
constipation predominant) non-ulcer dyspepsia, chronic intestinal pseudo-obstruction, functional
dyspcpsia, colonic pscudo-obstruction, duodcnogastric reflux, gastro csophagcal reflux discasc,
chronic idiopathic constipation, gastroparesis, heartburn, gastric cancer, and H. pylori infection.
The formulations optimized for delivery of a GCC agonist to the ileum, terminal ileum, or
ascending colon are particularly useful for the treatment or prevention of a disease or disorder
selected from the group consisting of ileitis (e.g., post-operative ileitis), Crohn’s disease,

ulcerative colitis, terminal ileitis, and colon cancer.

[10] The targeted GCC agonist formulations of the invention offer several advantages
over other formulations, especially conventional oral formulations. Because GCC agonists can
potentially act throughout the gastrointcstinal tract, conventional oral formulations intended to
trcat IBD, for instancc, may cxhibit sidc cffects duc to the activity of the GCC agonist in non-
target tissues. One such side effect is diarrhea, which could interfere with treatment by a GCC
agonist of GI diseases such as ulcerative colitis and Crohn’s disease. Conventional oral
formulations also suffer from degradation or aggregation of the GCC agonist in the stomach due
to the low pH environment (Marx et al., 1998 Peptide Res. 52:229-240; Chino et al., 1998 FEBS
Let. 421:27-31). In contrast, the GCC agonist formulations of the invention are optimized for the
release of the GCC agonist to the target tissue, either the small intestines or the large intestines,

depending on the discase or disorder to be treated. Such formulations minimize exposure of the

4
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GCC agonist peptide to stomach acidity, thereby reducing or eliminating the degradation and
aggregation that occur under low pH conditions. Other advantages of the GCC agonist
formulations of the invention include fewer side effects caused by unwanted GCC activity in
non-target tissues. In addition, the GCC agonists formulated according to the invention may be
given at a lower effective dose than a convential oral dosage form. In other embodiments, the
GCC agonist formulation of the invention delivers a higher effective dose to the target tissue
than a convential oral dosage form with reduced side effects compared to a convential oral

dosage form.

[11] 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 enzymes present in the stimulated human intestinal
juices and human gastric juices. Examples of GCC agonists that can be used in the formulations

and methods of the invention are described in more detail below.

[12] In one embodiment, the GCC agonist formulation comprises (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 sclected from the group consisting of SEQ ID
NOs: 1-249. In a preferred embodiment, the GCC agonist peptide is selected from the group
consisting of SEQ ID NOs: 1, 8,9, 55 or 56. In one embodiment, the GCC agonist peptide is
selected from the group consisting of SEQ ID NOs: 1 and 9. In certain embodiments, the one or
morc targeting matcerials form onc or more layers around the core. In certain ecmbodiments, at
least one targeting material forms a matrix with the GCC agonist peptide of the core. Preferably,

the formulation is for oral administration.

[13] In one embodiment, the GCC agonist formulation is optimized for delivery of a
GCC agonist to the duodenum or jejunum and comprises one or more pH dependent polymers
which degrade in a pH range of 4.5 to 5.5, wherein the pH dependent polymers form one or more

layers around the core.
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[14] In one embodiment, the GCC agonist formulation is optimized for delivery of a
GCC agonist to the ileum, terminal ileum, or ascending colon and 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,
wherein the pH dependent polymers form one or more layers around the core. In one
embodiment, the one or more pH dependent polymers degrade at pH above 5.5. In another
embodiment, the one or more pH dependent polymers degrade at pH above 7. In one
embodiment, the formulation further compriscs a swellable polymer interposed between two
layers of pH dependent polymers. Preferably, the swellable polymer is selected from the group
consisting of an acrylic copolymer, polyvinylacetate, and cellulose derivatives. In one
embodiment, the swellable polymer is an acrylic copolymer selected from the group consisting
of EUDRAGIT RL, EUDRAGIT RS, and EUDRAGIT NE. In one embodiment, the formulation
further comprises a pore forming agent. In specific embodiments, 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.

[15] The pH dependent polymers for use in the formulations of the inventon are
preferably sclected from the group consisting of a methacrylic acid copolymer, a polyvinyl
acetate phthalate, a hydroxypropylmethylcellulose phthalate, a cellulose acetate trimelliate, a
cellulose acetate phthalate, or a hydroxypropyl methyl cellulose acetate succinate. In one
embodiment, at least one of the pH dependent polymers is a methacrylic acid copolymer. In a
preferred embodiment, the methacrylic acid copolymer is selected from among the EUDRAGIT
polymers. In a particular embodiment, the EUDRAGIT polymer is selected from among the
group consisting of EUDRAGIT L100, EUDRAGIT L-30D, EUDRAGIT S100, EUDRAGIT FS
30D, and EUDRAGIT L.100-55, and combinations thereof.

[16] In one embodiment, the GCC agonist formulation comprises a degradable
composition. In certain embodiments, the degradable composition is selected from the group
consisting of amylase, chitosan, chondroitin sulfate, cyclodextrin, dextran, guar gum, pectin, and
xylan. Preferably, the degradable composition is coated with a material selected from the group
consisting of cellulose acetate phthalate, hydroxy propyl methyl cellulose acetate succinate,

EUDRAGIT L100 and EUDRAGIT L30D-55.
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[17] In another embodiment, 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. Preferably, the
covalent bond is an azo bond or a glycosidic bond. In a specific embodiment, the carrier
molecule is selected from the group consisting of a glucuronide, a cyclodextrin, a dextran ester,

or a polar amino acid.

[18] The invention also provides methods for trcating or preventing a gastrointestinal
disease or disorder in a subject in need thercof, comprising administering to the subject a GCC
agonist formulation comprising (1) a core, which contains at least one GCC agonist peptide, and
(2) onc 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. In certain embodiments, the one or
more targeting materials form one or more layers around the core. In certain embodiments, at
least one targeting material forms a matrix with the GCC agonist peptide of the core. Preferably,

the formulation is for oral administration.

[19] In one embodiment, the formulation comprises one or more pH dependent
polymers which degrade in a pH range of 4.5 to 5.5 and the gastrointestinal discase or disorder is
selected from the group consisting of irritable bowel syndrome (preferably constipation
predominant), non-ulcer dyspepsia, chronic intestinal pscudo-obstruction, functional dyspcepsia,
colonic pseudo-obstruction, duodenogastric reflux, gastro esophageal reflux disease, chronic
idiopathic constipation, gastroparesis, heartburn, gastric cancer, and H. pylori infection. In one
embodiment, the gastrointestinal disease or disorder is selected from the group consisting of

chronic idiopathic constipation and irritablc bowcl syndrome.

[20] In one embodiment, the formulation comprises one or more pH dependent
polymers which degrade in a pH range of 6.5 to 7.5 and the gastrointestinal disease or disorder is
selected from the group consisting of ileitis (post-operative ileitis), Crohn’s disease, ulcerative
colitis, terminal ileitis, and colon cancer. In one embodiment, the gastrointestinal discase or

disorder is selected from the group consisting of ulcerative colitis and Crohn’s disease.
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[21] In a preferred embodiment, the method for treating or preventing a
gastrointestinal disease or disorder in a subject in need thereof comprises administering to the
subject a GCC agonist formulation comprising a GCC agonist peptide selected from the group
consisting of SEQ ID NOs: 1, 8,9, 55 or 56. In one embodiment, the GCC agonist peptide is
selected from the group consisting of SEQ ID NOs: 1 and 9.

[22] In one embodiment, the method further comprises administering to the subject an
cffcctive amount of an inhibitor of a cGMP-spccific phosphodicsterase. In a specific
embodiment, the cGMP-dependent phosphodiesterase inhibitor is selected from the group

consisting of suldinac sulfone, zaprinast, and motapizone, vardenifil, and suldenifil.

[23] In one embodiment, the method further comprises administering to the subject an
effective amount of at least one laxative. In one embodiment, the at least one laxative is selected

from the group consisting of SENNA, MIRALAX, PEG, or calcium polycarbophil.

[24] In one embodiment, the method further comprises administering to the subject an

effective amount of at least one anti-inflammatory agent.
[25] In a preferred embodiment, the subject is a human.

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

encompassed by the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[27] Figure 1A: Biological activity of SP-304 incubated for varying lengths of time in
simulated gastric fluid (SGF). The biological activity of SP-304 was determined by measuring
its ability to stimulate cGMP synthesis in T84 cells. Samples incubated for 0, 15, 30, 60, 90 and
120 minutes, respectively, were collected and analyzed for biological activity - with activity of
the 0 min sample defined as 100% biological activity. The activitics of the other samples are
shown as percentage activity relative to the 0 min activity sample. Data points shown are the

average of triplicate measurements + SD.
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[28] Figure 1B: Schematic representation of HPLC chromatographic analyses of SP-
304 samples after incubation with SGF for 0 and 120 min, respectively. The arrows show the

clution position of SP-304.

[29] Figure 2A: Biological activity of SP-304 incubated for varying lengths of time in
simulated intestinal fluid (STF). SP-304 samplcs were incubatced for 0, 30, 60, 90, 150, and 300
min, respectively, and then tested for their ability to stimulate cGMP synthesis in T84 cells. The
c¢GMP stimulation activity in the sample at 0 min of incubation timc in SIF was takcn as 100%
biological activity. The activities of the other SP-304 incubation samples were calculated as the
percentage of activity relative to that of the 0 min sample. Data points shown are the average of

triplicate measurements = SD.

[30] Figure 2B: HPLC chromatographic spectra of SP-304 samples after incubation
with: (A) heat-inactivated SIF for 300 minutes, or (B) SIF for 120 minutes. The arrows show the
elution position of SP-304. The treatment with SIF completely eliminated SP-304 after a 2-hr

incubation and a peptide signal appeared, cluting at 9.4 min, as indicated by *.

[31] Figure 3: Schematic representation of possible degradation products of SP-304.
[32] Figure 4: Biological activity of truncated peptides of 16-mer SP-304, as measured

by stimulation of cGMP synthesis in T84 cells. SP-338 15-mer peptide is indentical to SP-304
except that it lacks Leu at the C-terminus. SP-327, SP-329 and SP-331 lack Leu at their C-
termini relative to their corresponding parents, SP-326, SP-328 and SP-330, respectively. Data

points shown arc the average of duplicatc mcasurcments.

[33] Figure 5: Stimulation of cGMP synthesis in T84 cells by SP-304 and similar
analogs. T&4 cells were exposed to test peptides for 30 min and cell lysates were then used to
determine intracellular cGMP levels. Data points shown are the average of triplicate

measurements + SD.

[34] Figure 6: Stimulation of cGMP synthesis in T84 cells by SP-339 (linaclotide) and
other linaclotide analogs. T84 cclls were exposed to test peptides for 30 min and cell Lysatcs
were then used to determine intracellular cGMP levels. Data points shown are the average of

triplicate measurements = SD.
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[35] Figure 7A: Biological activity of SP-333 incubated for varying lengths of time in
simulated intestinal fluid (SIF). SP-333 samples incubated for 0, 5, 10, 30, 60, and 120 min,
respectively, were tested for their ability to stimulate cGMP synthesis in T84 cells. The control
sample marked as C120 was produced by incubating SP-333 with heat inactivated SIF for 120
min. Samples from the incubations were removed and heated at 95°C for 5 min to inactivate
digestive enzymes and then used to stimulate cyclic GMP synthesis in T84 cells. The cGMP
stimulation activity in the sample at () min of incubation time in SII' was taken as 100%
biological activity. The activities of the other SP-304 incubation samples were calculated as the
percentage of activity relative to that of the 0 min sample. Data points shown are the average of

triplicate measurements = SD.

[36] Figure 7B: Biological activity of SP-332 incubated for varying lengths of time in
simulated intestinal fluid (SIF). SP-333 samples incubated for 0, 5, 10, 30, 60, and 120 min,
respectively, were tested for their ability to stimulate cGMP synthesis in T84 cells. The control
sample marked as C120 was produced by incubating SP-332 with heat inactivated SIF for 120
min. Samples from the incubations were removed and heated at 95°C for 5 min to inactivate
digestive enzymces and then used to stimulate cyclic GMP synthcsis in T84 cells. The cGMP
stimulation activity in the sample at 0 min of incubation time in SIF was taken as 100%
biological activity. The activities of the other SP-304 incubation samples were calculated as the
percentage of activity relative to that of the 0 min sample. Data points shown are the average of

triplicate measurements + SD.

[37] Figure 7C: Biological activity of SP-304 incubated for varying lengths of time in
simulated intestinal fluid (SIF). SP-304 samples incubated for 0, 10, and 60 min, respectively,
were tested for their ability to stimulatc cGMP synthesis in T84 cclls. The control samples
marked as C0 and C60 were produced by incubating SP-304 with heat inactivated SIF for O and
60 min, respectively. Samples from the incubations were removed and heated at 95°C for 5 min
to inactivate digestive enzymes and then used to stimulate cyclic GMP synthesis in T84 cells.
The ¢cGMP stimulation activity in the sample at 0 min of incubation time in SIF was taken as
100% biological activity. The activities of the other SP-304 incubation samples were calculated
as the percentage of activity relative to that of the 0 min sample. Data points shown are the

average of triplicate measurements + SD.
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[38] Figure 7D: HPLC chromatograms of SP-304 incubated for 0 min in SIF (Fig. 7D-
1) and 60 min in SIF (Fig. 7D-2), respectively. The arrows indicate the elution positions of the
parent SP-304 peptides. The data clearly show that the SP-304 peak cluting at 14.3 min
completely vanished and two new peaks emerged at 7.4 and 10.3 minutes. These new peptide

peaks represent degradation products of SP-304.

[39] Figure 7E: HPLC chromatograms of SP-332 incubated for () min in SIF (Fig. 7E-
1) and 120 min in SIF (Fig. 7E-2), respectively. The arrows indicate the clution positions of the
parent SP-332 peptides. The data show that the peptide SP-332 cluting at 14.8 minutes remained
intact following incubation with SIF for 120 min, suggesting that SP-332 is resistant to

proteolysis by proteases present in SIF.

[40] Figure 7F: HPLC chromatograms of SP-333 incubated for O min in SIF (Fig. 7F-
1) and 120 min in SIF (Fig. 7F-2), respectively. The arrows indicate the elution positions of the
parent SP-333 peptides. The data show that peptide SP-333, eluting at 14.8 minutes remained
intact following incubation with SIF, suggesting that SP-333 is resistant to proteolysis by

proteases present in SIF during the 120 minute incubation period.

[41] Figure 7G: Incubation of SP-333 with SIF for 2, 6, 12 and 24 hrs. Effect of SIF
digestion on the activity of SP-333 in T84 stimualation assay was determined (Fig. 7G-1) and
samples were also analyzed by HPLC (Fig 7G2-5). The elution positions of the parent peptide

and its metabolites are indicated by arrows.

[42] Figurc 8: Stimulation of ¢cGMP synthcsis in T84 cclls by the peggylated analogs of
SP-333. T84 cells were exposed to the indicated peptides for 30 min and cell lysates were used
to determine intracellular cGMP levels. Data points shown are the average of triplicate

measurements = SD.

[43] Figure 9: Stimulation of cGMP synthesis in T84 cells by SP-304 (0.1 M) either
alone or in combination with the phosphodiesterase (PDE) inhibitors Sulindac Sulfone (100 UM)
or Zaprinast (100 uM). T84 cclls were ecxposcd to various trecatments, as indicated, for 30 min
and thc ccll lysatcs were uscd to determince the intraccllular cGMP Icvels. Data points shown arc

the average of duplicate measurements.
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[44] Figure 10: Stimulation of cGMP synthesis in T84 cells by SP-304 (0.1 or 1.0 uM)
cither alone or in combination with incremental concentrations of phosphodicsterase (PDE)
inhibitors, as indicated. T84 cells were exposed to various treatments, as indicated, for 30 min
and the cell lysates were used to determine the intracellular cGMP levels. Data points shown are

the average of duplicate measurements.

[45] Figure 11: Stimulation of cGMP synthesis in T84 by SP-333 (0.1 or 1.0 M)
cither alone or in combination with incremental concentrations of Zaprinast, as indicated. T84
cells were exposed to various treatments, as indicated, for 30 min and the cell lysates were used
to determine the intracellular cGMP levels. Data points shown are the average of duplicate

measurements.

[46] Figure 12: Stimulation of ¢cGMP synthesis in T84 by SP-333 (0.1 uM) cither alone
or in combination with incremental concentrations of Sulindac Sulfone, as indicated. T&4 cells
were exposed to various treatments, as indicated, for 30 min and the cell lysates were used to
determine the intracellular cGMP levels. Data points shown are the average of duplicate

measurements.

[47] Figure 13: SP-304 treatment improved stool consistency and clears TNBS-induced

intestinal blockage in a TNBS-induced murine model of colitis.

[48] Figure 14: SP-304 treatment stimulated increased water flow in the lumen of the

GI tract of cynomolgus monkeys.

[49] Figure 15A-B: The effect of SP-304 administration on stool consistency in human
volunteers as judged by the Bristol Score of the first bowel movement. Results from 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 placebos) were utilized, totaling 71
volunteers administered drug. Each cohort was administered a single, oral dose or matching
placebo administered in 10-fold diluted phosphate buffered saline (PBS) (240 mL). The nine
cohort doscs included 0.1, 0.3, 0.9, 2.7, 5.4, 8.1, 16.2, 24.3 and 48.6 mg SP-304.
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[50] Figure 16: The effect of SP-304 adminstration on average time to first stool
through 24 hours post-dose in human volunteers. Results from 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 placebos) were utilized, totaling 71 volunteers
administered drug. Each cohort was administered a single, oral dose or matching placebo
administered in 10-fold diluted phosphate buffered saline (PBS) (240 mL). The nine cohort
doses included 0.1, 0.3, 0.9,2.7, 5.4, 8.1, 16.2, 24.3 and 48.6 mg SP-304.

[51] Figure 17: SP-304 exhibited superior activity compared to Sulfasalazine to

ameliorate inflammation in DSS-induced colitis in BDF-1 mice.

[52] Figure 18: SP-304 showed superior activity compared to Sulfasalazine to

ameliorate inflammation in TNBS-induced colitis in BDF-1 mice.

[53] Figure 19: Determination of SP-304 dose that produced diarrhea in monkeys. Two
groups of monkeys, male and female, were treated with a single dose of SP-304 per day
continuously for 28 days (for each group, 0 and 75 mg/kg, n=5; 1, 10 mg/kg, n=4). Stool
consistency and bowel frequency were noted every day. Results are presented as cumulative
score for 28 days. The scoring used for stool consistency was as follows: 0: No stool, 1: Normal

stool, 2: Loose/mushy stool and 3: Diarrhea/watery stool.

[54] Figure 20: SP-304 formulated for pH dependent release. Gelatin capsules were
filled with calculated quantity of SP-304 (10 mg/kg body wcight). Capsulcs were coated with
either EUDRAGIT polymer L 30 D-55 (for release at pH greater than 5.5; Lot No. B081214690)
or EUDRAGIT polymer FSD (for release at pH greater than 7; Lot No. G090365030). One
capsules from each formulation were placed in a plastic tube containing 50 ml of buffer saline
solution adjusted to either pH 5.7 or pH 7.2. Uncoated gelatin capsules containing the same
quantity of SP-304 were used as controls. All controls were incubated in a buffered saline
solution adjusted to pH 1.0. The plastic tubes were incubated on a rotatory shaker in a 37°C
incubator. Samples (0.5 ml) were withdrawn from the tube at the indicated time intervals and
immediately subjected to HPLC analysis to determine the release of SP-304 in the solution. The
capsulc coatecd with EUDRAGIT polymer L 30 D-55 (for rclcasc at pH grcater than 5.5) was

13
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incubated at pH 2.5 for 60 min to mimic exposure to stomach acidity. The same capsule was
removed and placed in buffer saline solution (pH 5.7) and samples were withdrawn at different
times for HPLC analysis. Similarly, the capsule coated with EUDRAGIT polymer FSD (for
release at pH greater than 7) was sequentially incubated at pH 2.5 (60 min), pH 5.5 (60 min) and

then at pH 7.0 for the indicated time interval for sampling.

[55] Figure 21: Bioactivity of SP-304 formulated for pH dependent release. Gelatin
capsules were filled with calculated quantity of SP-304 (10 mg/kg body weight). Capsulcs were
coated with EUDRAGIT polymer following the standard procedure for release at either pH
greater than 5.5 or greater than 7. One capsule from each formulation was placed in a plastic tube
containing 50 ml of buffer saline solution adjusted to cither pH 5.7 or pH 7.2. Uncoated gelatin
capsules containing the same quantity of SP-304 were used as controls. The plastic tubes were
incubated on a rotatory shaker in a 37°C incubator. Samples (0.5 ml) were withdrawn from the
tube at the indicated time intervals and immediately used for the bioassay using T84 cells to
determine the release of SP-304 in the solution. The capsule coated with EUDRAGIT polymer L
30 D-55 (for release at pH greater than 5.5) was incubated at pH 2.5 for 60 min to mimic
cxposurc to stomach acidity. The samce capsule was removed and placed in buffer saline solution
(pH 5.7) and samples were withdrawn at different times for bioassay. Similarly, the capsule
coated with EUDRAGIT polymer FSD (for release at pH greater than 7) was sequentially
incubated at pH 2.5 (60 min), pH 5.5 (60 min) and then at pH 7.0 for the indicated time interval

and samples were withdrawn for bioassay.

[56] Figure. 22: Formulation to deliver SP-304 at pH greater than 7.0 reduced
incidence of diarrhea in monkeys. Gelatin capsules were filled with SP-304 to produce a dose of
10 mg/kg body weight. Capsules were coated with EUDRAGIT polymer FSD. Uncoated
capsules were used in the control group of monkeys. Effect of treatment was assessed on stool
consistency. Results are expressed as cumulative scores of the number of diarrhea incidences in

the seven days of treatment period.

[57] Figure 23: Formulation to deliver SP-333 at pH greater than 7.0 reduced incidence
of diarrhea in monkeys. Gelatin capsules were filled with SP-333 to produce a dose of 10 mg/kg
body weight. Capsules were coated with EUDRAGIT polymer FSD. Uncoated capsules were
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used in the control group of monkeys. Effect of treatment was assessed on stool consistency.
Results are expressed as cumulative scores of the number of diarrhea incidences in the seven

days of treatment period.

DETAILED DESCRIPTION

[58] The present invention provides novel formulations of GCC agonists which target
the release of the GCC agonist to a specific region of the gastrointestinal tract, namely cither to
the proximal small intestines, preferably the duodenum or jejunum, or to the distal small
intestines or large intestines, preferably the ileum, terminal ileum, or ascending colon. The
targeted release GCC agonist formulations of the invention are useful for the treatment or
prevention of gastrointestinal diseases and disorders. In particular, the formulations which target
to the duodenum or jejunum are useful for the treatment or prevention of one or more of the
following: irritable bowel syndrome (preferably constipation predominant), non-ulcer dyspepsia,
chronic intcstinal pscudo-obstruction, functional dyspcpsia, colonic pscudo-obstruction,
duodenogastric reflux, gastro esophageal reflux disease, chronic idiopathic constipation,
gastroparesis, heartburn, gastric cancer, and H. pylori infection. Likewise, the formulations
which target to the ileum, terminal ileum, or ascending colon, are useful for the treatment or
prevention of specific diseases and disorders, including one or more of the following: ileitis (e.g.,

post-operative ileitis), Crohn’s disease, ulcerative colitis, terminal ileitis, and colon cancer.

[59] The targeted release GCC formulations of the invention advantageously deliver
the GCC agonist to the region of the gastrointestinal tract where it will have its greatest
therapeutic cffcet. In a specific ecmbodiment, the GCC agonist is formulated for specific delivery
to the distal small intcstines or to the large intestine, preferably the ilcum, terminal ilcum, or
ascending colon. This formulation is particularly useful for the treatment of indications such as
ulcerative colitis, in which the use of convential oral formulations of GCC agonists is limited by
the tendency to produce diarrhea. This adverse reaction is mitigated or eliminated by the
targeted release formulations of the invention, particularly those that target release of the GCC

agonist to the ileum, terminal ileum, or ascending colon.
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[60] Crohn’s disease (CD) and ulcerative colitis (UC) are the principle syndromes
encompassed by the classification of inflammatory bowel disease (IBD). While CD can affect
any part of the gastrointestinal tract, it most commonly occurs in the distal ileum and colon,
whereas UC by definition affects only the colon. In order to exert their anti-inflammatory
therapeutic effects, orally administered GCC agonists must reach the inflamed sites in the distal
ileum and colon. In accordance with one aspect of the invention, the GCC agonist is formulated
for drug release at pll greater than 5.5 for the treatment of UC and CD. In one embodiment, the
GCC agonist is formulated for targeted delivery to the ileum, preferably using a pH dependent
release formulation for release at a pH above 5.5. pH dependent release formulations are
described in more detail, infra, in Section 1.1. “Treatment” in this context refers to the effective
induction and maintenance of remission. Thus, in one embodiment, the invention provides a
method for the treatment of CD or UC which comprises administering to a subject in need
thereof a therapeutically effective amount of a GCC agonist formulated for release at a pH above
5.5. It has recently been shown that gut pH in UC patients is generally more acidic as compared
to healthy volunteers and it has also been postulated that these variations may affect pH mediated
dissolution delivery of drug trcatment (scc Rubin, D.T. ef af., Colonic pH diffcrs depending on
the activity of ulccrative colitis (UC): Report of two paticnts with pH mcasurcments over time.
Poster presented at the Annual Scientific Meeting of the American College of Gastroenterology,
October 23-28, 2009, San Dicgo, CA, P1116). Further, the colonic pH rose substantially
between active inflammation and subsequent clinical quiescence (see Rubin, D.T. e al., Luminal
pH and transit time in patients with quiescent ulcerative colitis (US) resembles that of healthy
controls. Poster presented at the Annual Scientific Meeting of the American College of
Gastroenterology, October 23-28, 2009, San Dicgo, CA, P1114). Particularly in UC, some
patients fail to achieve remission with standard outpatient therapy and this failure could possibly
be due to the physiologic differences in lumenal transit time and pH. Thus, a further advantage
of the present invention is to provide GCC agonist formulations specifically designed to deliver
bioactive GCC agonists to the distal ileum or colon of affected patients by utilizing a pH

dependent release formulation.

[61] Another advantageous property of the targeted release formulations of the
invention is that a lower cffective dosc of the GCC agonist is required to achicve the same

therapeutic benefit as a GCC agonist whose release is not targeted. The targeted release of the
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GCC agonist further ensures that the agonist concentration is highest at its site of action, thus

reducing the side effects that may be associated with oral administration.

[62] In one embodiment, the GCC agonist formulation is an oral formulation optimized
for delivery of a GCC agonist to the duodenum or jejunum. In a specific embodiment, this
formulation compriscs a corc, which contains thec GCC agonist, surroundcd by onc or morc
layers of a targeting material. The targeting material is chosen to provide targeted release of the
GCC agonist to thec duodenum or jejunum. In onc cmbodiment, the formulation compriscs an
outer layer of targeting material which comprises a pH dependent polymer that is stable in the
low pH environment of the stomach (pH 1-2) and begins to disintegrate in a pH range of from
4.5 to 5.5. This formulation protects the GCC agonists from the acidic environment of the

stomach.

[63] In another embodiment, the GCC agonist formulation is optimized for delivery of
a GCC agonist to the ileum, terminal ileum, or ascending colon. In a specific embodiment, this
formulation comprises a core, which contains the GCC agonist, surrounded by one or more
layers of a targeting material. The targeting material is chosen to provide targeted release of the
GCC agonist to the ileum, terminal ileum, or ascending colon. In one embodiment, the
formulation comprises three layers of targeting material: (1) an outer layer which comprises a pH
dependent polymer that is stable in the low pH environment of the stomach (pH 1-2) and begins
to disintegratc in a pH range of from 6.5 to 7.5; (2) a middlc layer which compriscs a swellable
polymer; and (3) an inner layer which comprises a pH dependent polymer that begins to
disintegrate in a pH range of from 6.5 to 7.5. In a preferred embodiment, the pH dependent
polymer is selected from among the EUDRAGIT polymers, for example, EUDRATGIT L, S, FS,

and E polymers. In onc cmbodiment, the swellable polymer is hydroxypropylmecthylecllulosc.

[64] While any GCC agonist known in the art can be formulated according to the
present invention, analogs of uroguanylin and bacterial ST 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,
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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 sequence selected from SEQ 1D
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 sequence or to a
peptide that does not differ substantially in terms of 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 or if its
activation of cellular cGMP production is reduced by more than 50% compared to the reference
peptide. Preferably, substantially similar peptides differ by no more than two amino acids and
not by more than about 25% with respect to activating cGMP production. In preferred
embodiments, the GCC agonist is a peptide comprising at 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 1.1 below.

[65] The invention provides methods for treating or preventing gastrointestinal
disorders and increasing gastrointestinal motility in a subject in need thercof 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 of at least one clinical symptom
associated with the gastrointestinal disorders to be prevented. The term "effective amount™ as
used herein refers to an amount that provides some improvement or benefit to the subject. In
certain cmbodiments, an cffective amount is an amount that provides some allcviation,
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 amount that provides some inhibition
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 subjcct but may also refer to a non-human primatc 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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[66] The gastointestinal disorders that can be treated or prevented according to the
methods of the invention include, for example, irritable bowel syndrome (IBS), non-ulcer
dyspepsia, chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-
obstruction, duodenogastric reflux, gastroesophageal reflux disease (GERD), ileus inflammation
(e.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI tract), constipation
(e.g., constipation associated with use of medications such as opioids, osteoarthritis drugs, and
osteoporosis drugs), post surgical constipation, and constipation associated with neuropathic

disorders.

[67] In one embodiment, the GCC agonist formulation is optimized for delivery of a
GCC agonist to the duodenum or jejunum. In accordance with this embodiment, the
gastointestinal disorders that can be treated or prevented according to the methods of the
invention are selected from the group consisting of irritable bowel syndrome (preferably
constipation predominant), 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 H. pylori infection.

[68] In another embodiment, the GCC agonist formulation is optimized for delivery of
a GCC agonist to the ilcum, terminal ileum, or ascending colon. In accordance with this
embodiment, the gastointestinal disorders that can be treated or prevented according to the
methods of the invention are sclected from the group consisting of ilcitis (e.g., post-opcrative

ileitis), Crohn’s disease, ulcerative colitis, terminal ileitis, and colon cancer.

[69] The invention also provides methods for treating gastrointestinal cancer in a
subject in need thereof by administering an effective amount of a GCC agonist formulation to the
subject. The term “cancer” in this context includes tissue and organ carcinogenesis including
metatases. In specific embodiments, the invention provides methods for treating a
gastrointestinal cancer selected from among gastric cancer, esophageal cancer, pancreatic cancer,

colorectal cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer.

[70] 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 prevent or trcat inflammation, cancer and other disordcrs, particularly of the
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gastrointestinal tract. 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, METAMUCIL, MIRALAX, PEG, or calcium polycarbophil), a stool softner, an anti-
tumor necrosis factor alpha therapy for IBD (such as REMICADE, ENBREL, 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 agonist formulation is administered in combination with inhibitors of cyclic nucleotide

transporters.

1.1 Formulations

[71] The formulations of the invention are optimized for delivery of a GCC agonist to a
specific region of the gastrointestinal tract. In a preferred embodiment, the formulations are oral
formulations. The formulations of the invention comprise a core, which contains the GCC
agonist, and one or more targeting materials which may form one or more layers around the core,
or which may be formed in a matrix with the core. The targeting material is chosen to target the
release of the GCC agonist to a specific region of the gastrointestinal tract. The targeting
material preferably comprises one of the following: (1) a pH dependent polymer; (2) a swellable
polymer; or (3) a degradable composition. Targeting materials are further described in Sections

1.1.1to 1.1.3 below.

[72] In one embodiment, the targeting material is chosen to provide for the pH-
dependent release of the GCC agonist. In a preferred embodiment, the targeting material for a
pH-dependent release formulation comprises a pH-dependent polymer that is stable in the low
pH environment of the stomach (i.e., at pH 1-2) and begins to disintegrate at the pH of the
proximal small intestine (pH 4.5-6) or distal ileum (pH 7-8). Preferably, the pH-dependent
polymer is a methacrylic acid copolymer selected from among the EUDRAGIT polymers, which
arc further described below in Section 1.1.1.
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[73] In one embodiment, the targeting material is chosen to provide for a controlled
(time-dependent) release of the GCC agonist. In a preferred embodiment, the targeting material
for a controlled release formulation comprises at least one swellable polymer, as further

described below in Section 1.1.2.

[74] In another embodiment, the targeting material for a controlled relcasc formulation
comprises a degradable compostion such as a natural or synthetic polymer which is susceptibile
to being degraded by at lcast onc colonic bacterial cnzyme. Preferably, the GCC agonist is

embedded in the polymer matrix.

[75] In another embodiment, the targeting material for a controlled release formulation
comprises a degradable compostion in the form of a carrier molecule covalently conjugated to
the GCC agonist by a labile bond which is stable in the stomach and small intestine but which
degrades in the lower gastrointestinal tract, especially the colon, thereby providing for the
targeted release of the GCC agonist. A GCC agonist covalently conjugated to a carrier in this
manner is referred to herein as a GCC “prodrug.” The formulations comprising a GCC prodrug

are further described below in Section 1.1.3.

[76] In certain embodiments, the formulation is optimized for delivery of a GCC
agonist to the duodenum or jejunum. In one embodiment, the formulation optimized for delivery
of a GCC agonist to the duodenum or jejunum comprises a core, which containg the GCC
agonist, surrounded by a targeting layer comprised of a pH dependent polymer which degrades
in a pH range of 4.5 to 5.5. Preferably the pH dependent polymer is a methacrylic acid
copolymer sclected from among the EUDRAGIT polymers.

[77] In certain embodiments, the formulation is optimized for delivery of a GCC
agonist to the ileum, terminal ileum, or ascending colon. In one embodiment, the formulation
optimized for delivery of a GCC agonist to the ileum, terminal ileum, or ascending colon
comprises a core, which contains the GCC agonist, surrounded by one, two, three, or more layers
of targeting materials. At least one targeting material comprises a pH dependent polymer which
degrades in a pH range of 6.5 to 7.5. Preferably the pH dependent polymer is a methacrylic acid
copolymer selected from among the EUDRAGIT polymers. Where there is more than one layer

of targcting matcrials surrounding the corc, at lcast onc layer compriscs a swellable polymcr.
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Preferably, the swellable polymer is an acrylic copolymer, polyvinylacetate, or a cellulose
derivative. In one embodiment, the swellable polymer is an acrylic copolymer selected from
EUDRAGIT RL, EUDRAGIT RS, and EUDRAGIT NE. In another embodiment, the swellable
polymer is a cellulose derivative selected from ethylcellulose, cellulose acetate,
hydroxypropylcellulose, hydroxypropylmethylcellulose, hydroxyethylcellulose, methylcellulose,
carboxymethylcellulose, and metal salts of carboxymethylcellulose. In another embodiment, the
formulation comprisecs EUDRACOL, which combines both pH- and time-dependent
EUDRAGIT polymers. EUDRAGIT polymers are described below in Sections 1.1.1 and 1.1.2.

Further examples of swellable polymers are described below in Section 1.1.2.

[78] In accordance with the invention, the enteric coating chosen for the formulation is
any coating which will achieve the targeting objective of the formulation. Examples of suitable
enteric coatings include, but are not limited to, the following: (1) acrylic polymers (anionic
polymers of methacrylic acid and methacrylates polymers with methacrylic acid as a functional
group) such as the EUDRAGIT (Degussa) polymers, e.g., for release in the duodenum
(dissolution above pH 5.5), EUDRAGIT L 100-55 and EUDRAGIT L 30 D-55; for release in the
jejunum (dissolution above pH 6.0), EUDRAGIT L 100; for rclcasc in the ilcum (dissolution
above pH 7), EUDRAGIT S 100 and EUDRAGIT FS 30, and COLORCON ACRYL-EZE; (2)
polyvinyl Acetate Phthalate (PVAP) including the COLORCON SURETERIC Aqueous Enteric
Coating System, and the COLORCON OPADRY Enteric Coating System; (3) hypromellose
Phthalate, NF (Hydroxy Propyl Methyl Cellulose Phthtalate; HPMCP; HP-55 Shin-Etsu); (4)
cellulose acetate phthalate (CAP), such as AQUACOAT CPD; and (5) cellulose acetate
trimellitate (CAT). Further examples of suitable enteric coatings include, without limitation,
sustained release blends such as EUDRACOL, EUDRAPULSE, and EUDRAMODE, as well as
sustained rclcasc polymers such as the EUDRAGIT RL, RS, and NE polymers.

[79] The GCC agonist-containing core of a formulation of the invention can be in the
form of a tablet, a capsule, granules, pellets, or crystals. In certain embodiments, the core
comprises microparticles or microspheres. In one embodiment, the core comprises a cellulose
acetate butyrate microsphere. In some embodiments, the core is coated with one or more layers

of targeting materials. In other embodiments, the core is formulated in a matrix with a targeting

22

3709



WO 2010/065751 PCT/US2009/066600

material. In certain embodiments, the core matrix is coated with at least one additional targeting

material.

[80] The GCC-agonist containing core of the present formulations is formed according
to art-recognized methods. In one embodiment, the core is formed with a pellet-forming agent
such as microcrystallinc ccllulosc, low-substituted hydroxypropylecliulosc, chitin, chitosan, or
any combination or mixturc thercof. Generally, an amount of pellet-forming agent that is less
than 20% by wcight results in poor sphericity and broad particle size distribution. Accordingly,
the pellet-forming agent of the present formulations is preferably at least 20% by weight. In
certain embodiments, the pellet-forming agent is present at 20% to 95% or 50% to 90% by
weight.

[81] The GCC agonist formulation may further comprise one or more
pharmaceutically acceptable excipients. The excipients may comprise part of the core or part of
one or more outer layers surrounding the core. Preferably, the excipients are present in an
amount of 2 to 70% or 5 to 50% by weight. The term excipient broadly refers to a biologically
inactive substance used in combination with the active agents of the formulation. An excipient
can be used, for example, as a solubilizing agent, a stabilizing agent, a diluent, an inert carrier, a
preservative, a binder, a disintegrant, a coating agent, a flavoring agent, or a coloring agent.
Preferably, at least one excipient is chosen to provide one or more beneficial physical properties

to the formulation, such as incrcased stability and/or solubility of the active agent(s).

[82] A "pharmaceutically acceptable” excipient is one that has been approved by a
state or federal regulatory agency for use in animals, and preferably for use in humans, or is
listed in the U.S. Pharmacopia, the European Pharmacopia or another generally recognized
pharmacopia for use in animals, and preferably for use in humans. Examples of excipients
include certain inert proteins such as albumins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as aspartic acid (which may alternatively be referred to
as aspartate), glutamic acid (which may alternatively be referred to as glutamate), lysine,
arginine, glycine, and histidine; fatty acids and phospholipids such as alkyl sulfonates and
caprylate; surfactants such as sodium dodecyl sulphate and polysorbate; nonionic surfactants

such as such as TWEEN®, PLURONICS®, or polyethylene glycol (PEG); carbohydrates such as
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glucose, sucrose, mannose, maltose, trehalose, and dextrins, including cyclodextrins; polyols
such as sorbitol; chelating agents such as EDTA; and salt-forming counter-ions such as sodium.
Particularly preferred are hydrophilic excipients which reduce the protein binding activity and

aggregation of GCC agionist peptides.

[83] In some ecmbodiments, the GCC agonist formulation further compriscs onc or
more cxcipients sclected from among an absorption enhancer, a binder, a disintegrant, and a
hardness cnhancing agent. In other embodiments, the formulation further compriscs onc or morc
excipients selected from among a wicking agent, a stabilizer, a flow regulating agent, a lubricant,

an antioxidant, a chelating agent, or a sequestrate.

[84] Non-limiting examples of suitable binders include starch, polyvinylpyrrolidone
(POVIDONE), low molecular weight hydroxypropylcellulose, low molecular weight
hydroxypropylmethylcellulose, low molecular weight carboxymethylcellulose, ethylcellulose,
gelatin, polyethylene oxide, acacia, dextrin, magnesium aluminum silicate, and
polymethacrylates. Non-limiting examples of a disintegrant include croscarmellose sodium
crospovidone (cross-linked PVP), sodium carboxymethyl starch (sodium starch glycolate),
pregelatinized starch (starch 1500), microcrystalline starch, water insoluble starch, calcium
carboxymethyl cellulose, and magnesium aluminum silicate (Veegum). In certain embodiments,

a binder is selected from polyvinylpyrrolidone and sodium carboxymethylcellulose.

[85] Non-limiting examples of a wicking agent include colloidal silicon dioxide,
kaolin, titanium oxide, fumed silicon dioxide, alumina, niacinamide, sodium lauryl sulfate, low
molecular weight polyvinyl pyrrolidone, m-pyrol, bentonite, magnesium aluminum silicate,
polyester, polyethylene, and mixtures thereof. In certain embodiments, a wicking agent is
selected from sodium lauryl sulfate, colloidal silicon dioxide, and low molecular weight

polyvinyl pyrrolidone.

[86] Non-limiting examples of a stabilizer include butyl hydroxyanisole, ascorbic acid,
citric acid, and mixtures thereof. Preferably, the stabilizer is a basic substance which can elevate
the pH of an aqueous solution or dispersion of the formulation to at least about pH 6.8.
Examples of such basic substances include, for example, antacids such as magnesium

aluminomctasilicatc, magncsium aluminosilicate, magnesium aluminate, dricd aluminum
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hydroxide, synthetic hydrotalcite, synthetic aluminum silicate, magnesium carbonate,
precipitated calcium carbonate, magnesium oxide, aluminum hydroxide, and sodium
hydrogencarbonate. Other examples incldue pH-regulating agents such as L-arginine, sodium
phosphate, disodium hydrogen phosphate, sodium dihydrogenphosphate, potassium phosphate,
dipotassium hydrogenphosphate, potassium dihydrogenphosphate, disodium citrate, sodium
succinate, ammonium chloride, and sodium benzoate. In certain embodiments, a stabilizer is

sclected from ascorbic acid and magnesium aluminometasilicate.

[87] In an embodiment where the stabilizer is a basic substance, the basic substance
can be an inorganic water-soluble compound or a inorganic water-insoluble compound. Non-
limiting examples of an inorganic water-soluble compounds for use as a stabilizer include
carbonate salts such as sodium carbonate, potassium carbonate, sodium bicarbonate, or
potassium hydrogen carbonate; phosphate salts such as anhydrous sodium phosphate, potassium
phosphate, calcium dibasic phosphate, or trisodium phosphate; and alkali metal hydroxides, such
as sodium, potassium, or lithium hydroxide. Non-limiting examples of inorganic water-insoluble
compounds for use as a stabilizer include suitable alkaline compounds capable of imparting the
rcquisite basicity, such as thosc commonly cmployed in antiacid compositions, for cxamplc,
magnesium oxide, magnesium hydroxide, magnesium carbonate, magnesium hydrogen
carbonate, aluminum hydroxide, calcium hydroxide, or calcium carbonate; composite aluminum-
magnesium compounds, such as magnesium aluminum hydroxide; silicate compounds such as
magnesium aluminum silicate (Veegum F), magnesium aluminometasilicate (Nesulin FH2),
magnesium aluminosilicate (Nisulin A); and pharmaceutically acceptable salts of phosphoric

acid such as tribasic calcium phosphate.

[88] Non-limiting cxamplcs of a flow rcgulating agents includce a colloidal silicon

dioxide and aluminum silicate.

[89] Non-limiting examples of a lubricant include stearate salts, such as magnesium
stearate, calcium stearate, and sodium stearate, stearic acid, talc, sodium stearyl fumarate,
sodium lauryl sulfate, sodium benzoate, polyethylene glycol, polyvinyl alcohol, glycerol
behenate compritol (glycerol behenate), corola oil, glyceryl palmitostearate, hydrogenated
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vegetable oil, magnesium oxide, mineral oil, poloxamer, and combinations thereof. In certain

embodiments, a lubricant is selected from talc and magnesium stearate.

[90] Non-limiting examples of antioxidants include 4,4 (2,3 dimethyl tetramethylene
dipyrochatechol), tocopherol-rich extract (natural vitamin E), a-tocopherol (synthetic Vitamin
E), B-tocopherol, y-tocopherol, 8-tocopherol, butylhydroxinon, butyl hydroxyanisole (BHA),
butyl hydroxytoluene (BHT), propyl gallate, octyl gallate, dodecyl gallate, tertiary
butylhydroquinone (TBHQ), fumaric acid, malic acid, ascorbic acid (Vitamin C), sodium
ascorbate, calcium ascorbate, potassium ascorbate, ascorbyl palmitate, ascorbyl stearate,citric
acid, sodium lactate, potassium lactate, calcium lactate, magnesium lactate, anoxomer, erythorbic
acid, sodium erythorbate, erythorbin acid, sodium erythorbin, ethoxyquin, glycine, gum guaiac,
sodium citrates (monosodium citrate, disodium citrate, trisodium citrate), potassium citrates
(monopotassium citrate, tripotassium citrate), lecithin, polyphosphate, tartaric acid, sodium
tartrates (monosodium tartrate, disodium tartrate), potassium tartrates (monopotassium tartrate,
dipotassium tartrate), sodium potassium tartrate, phosphoric acid, sodium phosphates
(monosodium phosphate, disodium phosphate, trisodium phosphate), potassium phosphates
{monopotassium phosphate, dipotassium phosphate, tripotassium phosphate), calcium disodium
cthylene diamine tetra-acetate (Calcium disodium EDTA), lactic acid, trihydroxy butyrophenone

and thiodipropionic acid.

[91] In certain embodiments, the core of the formulation comprises an antioxidant and
both a chelator and a scquestrate. The chelating agent acts to remove trace quantitics of mctals
which might otherwise bind to the GCC agonist and cause loss of activity, for example through
oxidation. The sequestrate preferably has several hydroxyl and/or carboxylic acid groups which
provide a supply of hydrogen for regeneration of the inactivated antioxidant free radical. Non-
limiting examples of chelating agents include antioxidants, dipotassium edentate, disodium
edentate, edetate calcium disodium, edetic acid, fumaric acid, malic acid, maltol, sodium
edentate, and trisodium edetate. Non-limiting examples of sequestrates include citric acid and

ascorbic acid.

[92] In some embodiments, the formulation further comprises a filler. Preferably, the

filler is present in an amount of from 10% to 85% by weight. Non-limiting examples of suitable
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materials for use as a filler include starch, lactitol, lactose, an inorganic calcium salt,
microcrystalline cellulose, sucrose, and combinations thereof. In some embodiments, the filler
comprises microcrystalline cellulose. Preferably, the microcrystalline cellulose has a particle
size of less than about 100 microns, and most preferably the microcrystalline cellulose has a

particle size of about 50 microns.

[93] In some embodiments, the core optionally includes a buffering agent such as an
inorganic salt compound and an organic alkalinc salt compound. Non-limiting cxamplcs of a
buffering agent include potassium bicarbonate, potassium citrate, potassium hydroxide, sodium
bicarbonate, sodium citrate, sodium hydroxide, calcium carbonate, dibasic sodium phosphate,
monosodium glutamate, tribasic calcium phosphate, monoethanolamine, diethanolamine,
triethanolamine, citric acid monohydrate, lactic acid, propionic acid, tartaric acid, fumaric acid,

malic acid, and monobasic sodium phosphate.

[94] In some embodiments, the core further comprises a preservative. Non-limiting
examples of a preservative include an antioxidant, dipotassium edentate, disodium edentate,
edetate calcium disodium, edetic acid, fumaric acid, malic acid, maltol, sodium edentate, and

trisodium edentate.

[95] The GCC agonist formulations of the invention are preferably optimized for oral
delivery. However, in some embodiments, the formulations may be prepared in the form of
suppositories (e.g., with conventional suppository bases such as cocoa butter and other
glycerides) or retention enemas for rectal delivery. Solid oral dosage forms may optionally be
treated with coating systems (e.g. Opadry® fX film coating system, for example Opadry® blue
(OY-LS-20921), Opadry® white (Y S-2-7063), Opadry® white (YS- 1-7040), and black ink (S-
1-8 106).

1.1.1 pH Dependent Release Formulations

[96] In certain embodiments, the formulations of the invention comprise a pH-
dcpendent targeting matcrial that is pharmacologically inactive, meaning that it is cxercted
without being absorbed or metabolized. In some embodiments, the GCC agonist-loaded core is

coated with a pH-dependent material. In other embodiments, the pH-dependent material
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comprises part of an outer layer which surrounds the core, for example in certain embodiments
of a controlled (time-dependent) release formulation. In some embodiments, the GCC agonist-
loaded core is formed as a matrix with a pH-dependent material. Preferably, the pH-dependent

material comprises a pH-dependent polymer.

[97] Preferably, the pH-dependent polymer is stable in the low pH environment of the
stomach (i.e., at pH 1-2) and begins to disintegrate at the higher pH of the small intestine (pH 6-
7) or distal ilcum (pH 7-8). In ccrtain cmbodiments, the polymer begins to disintcgrate at pH
4.5-4.8, pH 4.8-5.0, pH 5.0-5.2, pH 5.2-5.4, pH 5.4-5.8, pH 5.8-6.0, pH 6.0-6.2, pH 6.2-6.4, pH
6.4-6.6, pH 6.6-6.8, pH 6.8-7.0, pH 7.0-7.2, or pH 7.2-7.4. In certain embodiments, the polymer
begins to disintegrate at pH 4.5-5.5, pH 5.5-6.5, or pH 6.5-7.5. The pH at which a pH-sensitive

polymer begins to disintegrate is also referred to herein as the “threshold pH” of the polymer.

[98] In certain embodiments, the pH-dependent polymer is a methacrylic acid
copolymer, a polyvinyl acetate phthalate, a hydroxypropylmethylcellulose phthalate, a cellulose
acctate trimelliate, a cellulose acetate phthalate, or a hydroxypropyl methyl cellulose acetate

succinate.

[99] In a preferred embodiment, the pH-dependent polymer is a methacrylic acid
copolymer selected from among the EUDRAGIT polymers. EUDRAGIT polymers are available
in a wide range of different concentrations and physical forms, including aqueous solutions,
aqueous dispersion, organic solutions, and solid substances. The pharmaceutical properties of
the polymers are determined by the chemical properties of their functional groups. For example,
EUDRAGIT L, S, FS and E polymers have acidic or alkaline groups that are pH-dependent.
Enteric EUDRAGIT coatings provide protcction against rcleasc of the GCC agonist in the
stomach and enable controlled release in the intestine. In certain embodiments, anionic
EUDRAGIT grades containing carboxyl groups are mixed with cach other to provide pH-
dependent release of the GCC agonist. In certain embodiments, EUDRAGIT L and S grades are
used for enteric coatings. In one embodiment, EUDRAGIT FS 30D is used for controlled
release in the colon. The various EUDRAGIT polymers are further described in international

pharmacopeias such as Ph.Eur., USP/NF, DMF and JPE.
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[100] In specific embodiments, the pH-dependent polymer is a methacrylic acid
copolymer selected from EUDRAGIT L100, having a threshold pH of 6.0; EUDRAGIT S100,
having a threshold pH of 7.0; EUDRAGIT L-30D, having a threshold pH of 5.6; EUDRAGIT FS
30D, having a threshold pH of 6.8; or EUDRAGIT L100-55, having a threshold pH of 5.5, or a

combination thereof.

1.1.2 Controlled Release Formulations

[101] In one embodiment, the GCC agonist formulation comprises a targeting material
which provides a controlled (time-dependent) release of the GCC agonist. Controlled release in
this context includes delayed sustained release, delayed controlled release, delayed slow release,

dclayed prolongced relcasc, delayed extended relcasce, and a sudden relcasc or “burst.”

[102] Preferably, the controlled release formulation comprises a slowly disintegrating
core comprising the GCC agonist surrounded by the targeting material. The targeting material
preferably comprises at least one swellable polymer. Non-limiting examples of swellable
polymers for use in a controlled release formulation of the invention include acrylic copolymers,
e.g., EUDRAGIT RL, EUDRAGIT RS, or EUDRAGIT NE; polyvinylacetate, e.g.,
KOLLICOAT SR 30D; and cellulose derivatives such as ethylcellulose or cellulose acetate, e.g.,
SURELEASE and AQUACOAT ECD. In a prcferred cmbodiment, the targeting matcrial
comprises one or more of EUDRAGIT RL, EUDRAGIT RS, or EUDRAGIT NE to provide
controlled time release of the GCC agonist by pH-independent swelling. In a particular
embodiment, the targeting material comprises EUDRAGIT RL:RS (2:8) and an outing coating
comprising EUDRAGIT FS.

[103] Further non-limiting examples of swellable polymers that can be used in the
sustained release formulations of the invention include poly(hydroxalkyl methacrylate) having a
molecular weight of from 30,000 to 5,000.000; kappa-carrageenan; polyvinylpyrrolidone having
a molecular weight of from 10,000 to 360,000; anionic and cationic hydrogels; polyelectrolyte
complexes; poly(vinyl alcohol) having low amounts of acetate, cross-linked with glyoxal,
formaldehvde, or glutaraldehyde and having a degree of polymerization from 200 to 30,000; a
mixture comprising methyl cellulose, cross-linked agar and carboxymethyl cellulose; a water-

insoluble, water-swellable copolymer produced by forming a dispersion of finely divided maleic
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anhydride with styrene, ethylene, propylene, butylene or isobutylene; water-swellable polymers
of N-vinyl lactams; polysaccharide, water swellable gums, high viscosity hydroxylpropylmethyl
cellulose and/or mixtures thercof. In certain embodiments, the swellable polymer is selected
from the group consisting of calcium pectinate, cross-linked polysaccharide, water insoluble
starch, microcrystalline cellulose, water insoluble cross-linked peptide, water insoluble cross-
linked protein, water insoluble cross-linked gelatin, water insoluble cross-linked hydrolyzed
gelatin, water insoluble cross-linked collagen, modified cellulose, and cross-linked polyacrylic
acid. Non-limiting examples of a cross-linked polysaccharide include insoluble metal salts or
cross-linked derivatives of alginate, pectin, xantham gum, guar gum, tragacanth gum, and locust
bean gum, carrageenan, metal salts thereof, and covalently cross-linked derivatives thereof.
Non-limiting examples of modified cellulose include cross-linked derivatives of
hydroxypropylcellulose, hydroxypropylmethylcellulose, hydroxyethylcellulose, methylcellulose,

carboxymethylcellulose, and metal salts of carboxymethylcellulose.

[104] In certain embodiments, the swellable core also comprises a wicking agent such
as silicon dioxide. The wicking agent may also be selected from a disintegrant such as
microcrystallinc ccllulosc to enhance the speed of water uptake. Other suitable wicking agents
include, but are not limited to, kaolin, titanium dioxide, fumed silicon dioxide, alumina,
niacinamide, sodium lauryl sulfate, low molecular weight polyvinyl pyrrolidone, m-pyrol,

bentonite, magnesium aluminum silicate, polyester, polyethylene, and mixtures thereof.

[105] In certain embodiments, the targeting material, which may comprise part of the
core and/or form one or more layers coating the core, optionally further comprises at least one of
a lubricant, a flow promoting agent, a plasticizer, an anti-sticking agent, surfactant, wetting

agent, suspending agent and dispersing agent.

[106] In certain embodiments, the targeting material comprises a water insoluble
polymer and a pore-forming agent. Non-limiting examples of pore forming agents include
saccharose, sodium chloride, potassium chloride, polyvinylpyrrolidone, and/or
polyethyleneglycol, water soluble organic acids, sugars and sugar alcohol. In certain

embodiments, the pore forming agent forms part of an outer layer or coating. In other
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embodiments, the pore forming agent is distributed uniformly throughout the water insoluble

polymer.

[107] In one embodiment, the targeting material comprises a compression coating.
Non-limiting examples of materials that can be used as a compression coating include a gum
sclected from the group consisting of xanthan gum, locust becan gum, galactans, mannans,
alginates, gum karaya, pectin, agar, tragacanth, accacia, carrageenan, tragacanth, chitosan, agar,
alginic acid, hydrocolloids acacia catcchu, salai guggal, indian bodcllum, copaiba gum, asafctida,
cambi gum, Enterolobium cyclocarpum, mastic gum, benzoin gum, sandarac, gambier gum,
butea frondosa (Flame of Forest Gum), myrrh, konjak mannan, guar gum, welan gum, gellan
gum, tara gum, locust bean gum, carageenan gum, glucomannan, galactan gum, sodium alginate,
tragacanth, chitosan, xanthan gum, deacetylated xanthan gum, pectin, sodium polypectate,
gluten, karaya gum, tamarind gum, ghatti gum, Accaroid/Yacca/Red gum, dammar gum, juniper
gum, ester gum, ipil-ipil seed gum, gum talha (acacia seyal), and cultured plant cell gums
including those of the plants of the genera: acacia, actinidia, aptenia, carbobrotus, chickorium,
cucumis, glycine, hibiscus, hordeum, letuca, lycopersicon, malus, medicago,
mescmbryanthemum, oryza, panicum, phalaris, phlcum, poliathus, polycarbophil, sida, solanum,
trifolium, trigonella, Afzelia africana seed gum, Treculia africana gum, detarium gum, cassia
gum, carob gum, Prosopis africana gum, Colocassia esulenta gum, Hakea gibbosa gum, khaya

gum, scleroglucan, and zea, as well as mixtures of any of the foregoing.

[108] In some embodiments, the targeting material further comprises a plasticizer, a
stiffening agent, a wetting agent, a suspending agent, or a dispersing agent, or a combination
thereof. Non-limiting examples of a plasticizer include dibutyl sebacate, polyethylene glycol and
polypropylenc glycol, dibutyl phthalate, dicthyl phthalate, tricthyl citrate, tributyl citrate,
acctylated monoglyceride, acetyl tributyl citrate, triacetin, dimethyl phthalate, benzyl benzoate,
butyl and/or glycol esters of fatty acids, refined mineral oils, oleic acid, castor oil, corn oil,
camphor, glycerol and sorbitol or a combination thereof. In one embodiment, the stiffening
agent comprises cetyl alcohol. Non-limiting examples of wetting agents include a poloxamer,
polyoxyethylene ethers, polyoxyethylene sorbitan fatty acid esters, polyoxymethylene stearate,
sodium lauryl sulfate, sorbitan fatty acid esters, benzalkonium chloride, polyethoxylated castor

oil, and docusate sodium. Non-limiting examples of suspending agents include alginic acid,
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bentonite, carbomer, carboxymethylcellulose, carboxymethylcellulose calcium,
hydroxyethylcellulose, hydroxypropylcellulose, microcrystalline cellulose, colloidal silicon
dioxide, dextrin, gelatin, guar gum, xanthan gum, kaolin, magnesium aluminum silicate, maltitol,
medium chain triglycerides, methylcellulose, polyoxyethylene sorbitan fatty acid esters,
polyvinylpyrrolidinone, propylene glycol alginate, sodium alginate, sorbitan fatty acid esters, and
tragacanth. Non-limiting examples of dispersing agents include poloxamer, polyoxyethylene

sorbitan fatty acid esters and sorbitan fatty acid esters.

[109] In certain embodiments, the targeted release formulation further comprises an
outer enteric coating over the targeted release material. Preferably, the enteric coating is selected
from the group consisting of cellulose acetate phthalate, hydroxy propyl methyl cellulose acetate
succinate, EUDRAGIT L100 and EUDRAGIT L30D-55.

1.1.2.1 Burst Formulation

[110] In one embodiment, the GCC agonist formulation is a time-delayed formulation
designed to release the GCC agonist in a fast burst in the colon or small intestine (“burst
formulation™). The formulation comprises a core and an outer layer. The core comprises at least
onc GCC agonist and at least one burst controlling agent. In certain embodiments, the core
further comprises at least one disintegrant sclected from the group consisting of croscarmellose
sodium, crospovidone (cross-linked PVP), sodium carboxymethyl starch (sodium starch
glycolate), cross-linked sodium carboxymethyl cellulose (Croscarmellose), pregelatinized starch
(starch 1500), microcrystalline starch, water insoluble starch, calcium carboxymethyl cellulose,
and magnesium aluminum silicate, or a combination thereof. In other embodiments, the core
further comprises at least one of an absorption enhancer, a binder, a hardness enhancing agent, a
buffcring agent, a filler, a flow rcgulating agent, a lubricant, a syncrgistic agent, a chelator, an
antioxidant, a stabilizer and a preservative. Optionally, the core also comprises one or more other

excipients.

[111] The burst controlling agent in the core preferably comprises a water insoluble
polymer for controlling the rate of penetration of water into the core and raising the internal
pressure (osmotic pressure) inside the core. Such a burst controlling agent is preferably able to

swell upon contact with liquid. Non-limiting examples of suitable water insoluble polymers
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include cross-linked polysaccharide, water insoluble starch, microcrystalline cellulose, water
insoluble cross-linked peptide, water insoluble cross-linked protein, water insoluble cross-linked
gelatin, water insoluble cross-linked hydrolyzed gelatin, water insoluble cross-linked collagen
modified cellulose, and cross-linked polyacrylic acid. In one embodiment, the water insoluble
polymer is a cross-linked polysaccharide selected from the group consisting of insoluble metal
salts or cross-linked derivatives of alginate, pectin, xanthan gum, guar gum, tragacanth gum, and
locust bean gum, carrageenan, metal salts thercof, and covalently cross-linked derivatives
thercof. In one embodiment, the water insoluble polymer is a modified cellulose selected from
the group consisting of cross-linked derivatives of hydroxypropylcellulose,
hydroxypropylmethylcellulose, hydroxyethylcellulose, methylcellulose, carboxymethylcellulose,
and metal salts of carboxymethylcellulose. In another embodiment, the water insoluble polymer

is selected from calcium pectinate, microcrystalline cellulose, or a combination thereof.

[112] The outer layer comprises a water insoluble hydrophobic carrier and a pore
forming agent comprised of a water insoluble hydrophilic particular matter. The pore forming
agent is a water permeable agent which allows entry of liquid into the core. Optionally, the outer
layer further compriscs at Icast onc of a wetting agent, a suspending agent, a dispersing agent, a

stiffening agent, and a plasticizer.

[113] In certain embodiments, the water insoluble hydrophobic carrier is selected from
the group consisting of a dimethylaminocthylacrylate/cthylmethacrylate copolymer, the
copolymer being based on acrylic and methacrylic acid esters with a low content of quaternary
ammonium groups, wherein the molar ratio of the ammonium groups to the remaining neutral
(meth)acrylic acid esters is approximately 1:20, the polymer corresponding to USP/NF
"Ammonio Mcthacrylatc Copolymer Type A", an
cthylmethacrylate/chlorotrimethylammoniumethyl methacrylate copolymer, the copolymer based
on acrylic and methacrylic acid esters with a low content of quaternary ammonium groups
wherein the molar ratio of the ammonium groups to the remaining neutral (meth)acrylic acid
esters is 1:40, the polymer corresponding to USP/NF "Ammonio Methacrylate Copolymer Type
B", a dimethylaminoethylmethacrylate /methylmethacrylate and butylmethacrylate copolymer, a
copolymer based on neutral methacrylic acid esters and dimethylaminocthyl methacrylate esters

wherein the polymer is cationic in the presence of acids, an ethylacrylate and
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methylacrylate/ethylmethacrylate and methyl methylacrylate copolymer, the copolymer being a
neutral copolymer based on neutral methacrylic acid and acrylic acid esters, ethylcellulose,

shellac, zein, and waxes.

[114] In certain embodiments, the water insoluble particulate matter is a hydrophilic yet
watcr insolublc polymer, preferably sclected from the group consisting of a watcr insolublc
cross-linked polysaccharide, a water insoluble cross-linked protein, a water insoluble cross-
linked peptide, water insoluble cross-linked gelatin, water insoluble cross-linked hydrolyzed
gelatin, water insoluble cross-linked collagen, water insoluble cross linked polyacrylic acid,
water insoluble cross-linked cellulose derivatives, water insoluble cross-linked polyvinyl
pyrrolidone, micro crystalline cellulose, insoluble starch, micro crystalline starch and a
combination thereof. Most preferably, the water insoluble particulate matter is microcrystalline

cellulose.

[115] In certain embodiments, the burst formulation further comprises an enteric
coating on the outer layer. The enteric coating is preferably sclected from the group consisting
of cellulose acetate phthalate, hydroxy propyl methyl cellulose acetate succinate, and a

EUDRAGIT polymer such as EUDRAGIT L100 or EUDRAGIT L30D-55.

1.1.3  Biodegradable Formulations

[116] In one embodiment, the GCC agonist formulation comprises a natural or synthetic
polymer which is susceptibile to being degraded by at least one colonic bacterial enzyme.
Preferably, the GCC agonist is embedded in the polymer matrix. Non-limiting examples of such
polymers include polymers of polysaccharides such as amylase, chitosan, chondroitin sulfate,
cyclodextrin, dextran, guar gum, pectin, and xylan. Preferably, the natural or synthetic polymer
is gelled or crosslinked with a cation such as a zinc cation, for example from zinc sulfate, zinc
chloride, or zinc acetate. The formulation is preferably in the form of ionically crosslinked beads
which are subsequently coated with an enteric coating. The enteric coating can comprise any
suitable enteric coating material, such as hydroxypropylmethyl cellulose phthalate, polyvinyl
acetate phthalate, cellulose acetate phthalate, hydroxypropylmethyl cellulose acetate succinate,

alginic acid, and sodium alginate, or a EUDRAGIT polymer.
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[117] In another embodiment, the GCC agonist formulation comprises a GCC agonist
covalently conjugated to a carrier molecule such that the covalent bond between the GCC agonist
and the carrier is stable in the stomach and small intestine but labile in the lower gastrointestinal
tract, especially the colon. The GCC agonist covalently linked to a carrier molecule is referred to
as the “GCC prodrug.” In certain embodiments, the GCC prodrug comprises a GCC agonist
covalently conjugated to a carrier molecule via an azo bond or a glycosidic bond. In other
embodiments, the GCC prodrug comprises a glucuronide, a cyclodextrin, a dextran ester, or a
polar amino acid. In certain embodiments, the GCC prodrug is a polymeric prodrug. In one

embodiment, the polymeric prodrug comprises polyamides containing azo groups.

1.2 GCC Agonists

[118] 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 inducc apoptosis and inhibit prolifcration of cpithclial cclls. 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 encompass a class of transmembrane guanylate

cyclase receptors expressed on epithelial cells lining the gastrointestinal mucosa.

[119] The term “GCC agonist” refers to both peptides and non-peptide compounds such
as that bind to an intcstinal guanylatc cyclasc C and stimulate the intraccllular production of
¢GMP. Where the GCC agonist is a peptide, the term encompasscs biologically active fragments
of such peptides and pro-peptides that bind to guanylate cyclase C and stimulate the intracellular
production of cGMP.

[120] Preferably, the GCC agonists for use in the formulations and methods of the
invention stimulate intracellular cGMP production at 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-
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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.

[121] Preferably, the GCC agonists for use in the formulations and methods of the
invention arc morc stablc 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)
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.

[122] The GCC agonists for use in the formulations and methods of 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 length. Examples of GCC agonist peptides for use in
the formulations and methods of the invention include those described in U.S. Serial Nos.:
12/133,344, filed Junc 4, 2008, 12/478505, filed Junc 4, 2009; 12/478511, filed Junc 4, 2009;
12/504288, filed July 16, 2009; and U.S. Provisional Application Serial Nos.: 60/933194, 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.

[123] 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 1-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
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residues in length; Xaa,, is meant to denote an amino acid sequence that is zero or one residue in
length; and Xaa,; is meant to denote an amino acid sequence zero, one, two, three, four , five or
six residues in length. Additionally, any amino acid represented by Xaa, Xaa,;, Xaa,, o Xaans
may be an L-amino acid, a D-amino acid, a methylated amino acid or any combination of
therecof. Optionally, any GCC agonist peptide represented by Formulas I to XX in the tables may

contain on or more polyethylene glycol residues at the the N- terminus, C-terminus or both.

[124] In certain ecmbodiments, a GCC agonist formulation of the invention compriscs a
peptide selected from SEQ ID NOs: 1-249, the sequences of which are set forth below in Tables
Ito VII below. In one embodiment, a GCC agonist formulation comprises the peptide

designated by SEQ ID NOs:1, §, 9, 55, or 56.

[125] In certain 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 where certain residues may be deleted or replaced with other amino acids
without impairing the peptide’s ability to bind to an intestinal guanylate cyclase receptor and

stimulate fluid and electrolyte transport.
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1.2.1 GCC Agonist Peptides

[126] In a 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 member of a family of heat stable
cntcrotoxins (ST peptides) scercted by pathogenic strains of E. coli and other enteric bacteria that
activate guanylate cyclase receptor and cause secretory diarrhea. Unlike bacterial ST peptides,
the binding of uroguanylin to guanylate cyclase receptor is dependent on the physiological pH of
the gut. Therefore, uroguanylin is expected to regulate fluid and electrolyte transport in a pH

dependent manner and without causing severe diarrhea.

[127] The GCC agonist peptides for use in the formulations and methods of the
invention can be polymers of L-amino acids, D-amino acids, or a combination of both. For
example, in various embodiments, the peptides are D retro-inverso peptides. The term “retro-
inverso isomer” refers to an isomer of a linear peptide in which the direction of the sequence is
reversed and the chirality of each amino acid residue is inverted. See, e.g., Jameson et al.,
Nature, 368, 744-746 (1994); Brady et al., Naturc, 368, 692-693 (1994). The nct 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 presumed that any given L-
amino acid sequence of the invention may be made into an D retro-inverso peptide by

synthesizing a reverse of the sequence for the corresponding native L-amino acid sequence.

[128] 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 compared to 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
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apoptosis, e.g., programmed cell death, or activate the cystic fibrosis transmembrane

conductance regulator (CFTR).

[129] In some 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 D NO:1), SP-339 (linaclotide) (SEQ TD 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 lcss comparcd 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 (linaclotide) (SEQ ID NO: 55)
or SP-340 (SEQ ID NO: 56). In one embodiment, a GCC agonist peptide is pegylated in order to
render the peptides more resistant towards protealysis by enzymes of the gastrointestinal tract.
In a preferred embodiment, the GCC agonist peptide is pegylated with the aminoethyloxy-

ethyloxy-acetic acid (Acea) group at its C-terminal end, at its N-terminal end, or at both termini.

[130] 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.

[131] 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).

[132] In some embodiments, GCC agonist peptides include peptides having the amino
acid scquence of Formula I, wherein at Icast onc amino acid of Formula I 1s a D-amino acid or a
methylated amino acid and/or the amino acid at position 16 is a serine. Preferably, the amino
acid at position 16 of Formula I is a D-amino acid or a methylated amino acid. For example, the
amino acid at position 16 of Formula I is 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-amino acid or a methylated amino acid. Preferably, the

amino acid at position Xaa’ of Formula I is a leucine, serine or tyrosine.
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[133] In alternative 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, of Formula Il is a
D-amino acid or a methylated amino acid. In some embodiments, the amino acid denoted by
Xaay of Formula II is a leucine, a d-leucine, a serine, or a d-serine. Preferably, the one or more
amino acids denoted by Xaa,; of Formula 11 is a D-amino acid or a methylated amino acid.

Preferably, the amino acid at position Xaa” of Formula II is a leucine, a serine, or a tyrosine.

[134] In some embodiments, GCC agonist peptides include peptides having the amino
acid sequence of Formula III, wherein at least one amino acid of Formula III is a D-amino acid
or a methylated amino acid and/or Maa is not a cysteine. Preferably, the amino acid denoted by
Xaay, of Formula I1I is a D-amino acid or a methylated amino acid. In some embodiments the
amino acid denoted by Xaa,» of Formula III 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 IIT is a leucine, a

serine, or a tyrosine.

[135] 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-amino acid
or a mcthylatcd amino acid, and/or Maa is not a cystcine. Preferably, the Xaay, of Formula IV is
a D-amino acid or a methylated amino acid. In some embodiments, the amino acid denoted by
Xaay of Formula IV is a leucine, a d-leucine, a serine, or a d-serine. Preferably, the one or more
of the amino acids denoted by Xaa,; of Formula IV is a D-amino acid or a methylated amino

acid. Preferably, the amino acid denoted Xaa® of Formula IV is a leucine, a serine, or a tyrosine.

[136] 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 amino acid at position 16 (i.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® (or a combination thereof) of
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Formula V is a D-amino acids or a methylated amino acid. Preferably, the amino acid denoted at

6 . . . .
Xaa” of Formula V is a leucine, a serine, or a tyrosine.

[137] In additional embodiments, GCC agonist peptides include peptides having the
amino acid sequence of Formula VI, VII, VIII, or IX. Preferably, the amino acid at position 6 of
Formula VI, VII, VIII, or IX is a leucine, a serine, or a tyrosine. In some aspects the amino acid
at position 16 of Formula VI, VII, VIII, or IX is a leucine or a serine. Preferably, the amino acid

at position 16 of Formula V is a D-amino acid or a mcthylatcd amino acid.

[138] In additional embodiments, GCC agonist peptides include peptides having the
amino acid sequence of Formula X, XI, XII, XIII, XTIV, XV, XVI or XVII. Optionally, one or
more amino acids of Formulas X, X1, XII, XIII, XTIV, XV, XVI or XVII is a D-amino acid or a
methylated amino acid. Preferably, the amino acid at the carboxy terminus of the peptides
according to Formulas X, XI, X1I, X111, 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, XII, XIII, XIV, XV, XVI or XVII is a D-tyrosine.

[139] 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 XVII is a phenyalanine or a serine.

[140] In some embodiments, GCRA peptides include peptides containing the amino
acid scquence of Formula XVIIL. Preferably, the amino acid at position 1 of Formula XVIII isa
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 position 5
a glutamic acid. Preferably, the amino acid at position 6 of Formula XVIII 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 4 an
asparagine. Preferably, the amino acid 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 amino
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acid 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

[141] In alternative embodiments, GCRA peptides include peptides containing the
amino acid sequence of Formula XIX. Preferably, the amino acid at position 1 of Formula XIX
is a serine or asparagine. Preferably, the amino acid at position 2 of Formula XTX is a histidine
or an aspartic acid. Preferably, the amino acid at position 3 of Formula XIX is a threonine or a
glutamic acid. Precfcrably, the amino acid at position 5 of Formula XI1X is a glutamic acid.
Preferably, the amino acid at position 6 of Formula XIX is an isoleucine, leucine, valine or
tyrosine. Preferably, the amino acid at position 8, 10, 11, or 13 of Formula XIX is a alanine.
Preferably, the amino acid at position 9 of Formula XIX is an asparagine or a phenylalanine.

Preferably, the amino acid at position 14 of Formula XIX is a glycine.

[142] In further embodiments, GCRA peptides include peptides containing the amino
acid sequence of Formula XX. Preferably, the amino acid at position 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 amino acid 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. Prcferably, the amino acid at position 9 of Formula XX is asparagine. Prcfcrably, the
amino acid 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 Formula XX is two amino acid in length and is Cystcine (Cys),

Penicillamine (Pen) homocysteine, or 3-mercaptoproline and serine, leucine or threonine.

[143] In certain embodiments, one or more amino acids of the GCC agonist peptides are
replaced by a non-naturally occurring amino acid or a naturally or non-naturally occurring amino
acid analog. Such amino acids and amino acid analogs are known in the art. See, for example,
Hunt, “The Non-Protein Amino Acids,” in Chemistry and Biochemistry of the Amino Acids,

Barrett, Chapman and Hall, 1985. In some embodiments, an amino acid is replaced by a
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naturally-occurring, non-essential amino acid, e.g., taurine. Non-limiting examples of naturally
occurring amino acids that 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, -CH2CH3, - CN, -CH2CH2CH3, -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-
methylphenylalanine or by analogues such as: 3-Amino-Tyr; Tyr(CH3); Tyr(PO3(CH3)2);
Tyr(SO3H); beta-Cyclohexyl-Ala; beta-(1-Cyclopentenyl)-Ala; beta- Cyclopentyl-Ala; beta-
Cyclopropyl-Ala; beta-Quinolyl-Ala; beta-(2-Thiazolyl)-Ala; beta- (Triazole-1-y1)-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-cthylalanine (L/D-
isovaline), L/D-methylvaline, or L/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- cthylalanine (L/D-isovaline).

[144] Further examples of non-natural amino acids 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 thercof; an
amino acid with a photoactivatable cross-linker; a spin-labeled amino acid; a fluorescent amino
acid; an amino acid with a novel functional group; an amino acid that covalently or
noncovalently interacts with another molecule; a metal binding amino acid; an amino acid that is
amidated at a site that is not naturally amidated, a metal-containing amino acid; a radioactive
amino acid; a photocaged and/or photoisomerizable amino acid; a biotin or biotin-analogue
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containing amino acid; a glycosylated or carbohydrate modified amino acid; a keto containing
amino acid; amino acids comprising polyethylene glycol or polyether; a heavy atom substituted
amino acid (e.g., an amino acid containing deuterium, tritium, 13C, lSN, or 18O); 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 amino acid, e.g., a sugar substituted serine or
the like; a carbon-linked sugar-containing amino acid; a redox-active amino acid; an o-hydroxy
containing acid; an amino thio acid containing amino acid; an o, a disubstituted amino acid; a 3-
amino acid; a cyclic amino acid other than proline; an O-methyl-L-tyrosine; an L-3-(2-
naphthyl)alanine; a 3-methyl-phenylalanine; a p-acetyl-L-phenylalanine; an O-4-allyl-L-tyrosine;
a 4-propyl-L-tyrosine; a tri-O-acetyl-GlcNAc B -serine; an L-Dopa; a fluorinated phenylalanine;
an isopropyl-L-phenylalanine; a p-azido-L-phenylalanine; a p-acyl-L-phenylalanine; a p-
benzoyl-L-phenylalanine; an L-phosphoserine; a phosphonoserine; a phosphonotyrosine; a p-
iodo-phenylalanine; a 4-fluorophenylglycine; a p-bromophenylalanine; a p-amino-L-
phenylalanine; an isopropyl-L-phenylalanine; L-3-(2-naphthyl)alanine; D- 3-(2-naphthyl)alanine
(dNal); an amino-, isopropyl-, or O-allyl-containing phenylalanine analogue; a dopa, 0-methyl-
L-tyrosine; a glycosylated amino acid; a p-(propargyloxy)phenylalanine; dimethyl-Lysine;
hydroxy-proline; mercaptopropionic acid; methyl-lysine; 3-nitro-tyrosine; norleucine; pyro-
glutamic acid; Z (Carbobenzoxyl); e-Acetyl-Lysine; f-alanine; aminobenzoyl derivative;
aminobutyric acid (Abu); citrulline; aminohexanoic acid; aminoisobutyric acid (AIB);
cyclohexylalanine; d-cyclohexylalanine; hydroxyproline; nitro-argining; nitro-phenylalanine;
nitro-tyrosine; norvaline; octahydroindole carboxylate; ornithine (Orn); penicillamine (PEN);
tetrahydroisoquinoline; acetamidomethyl protected amino acids and pegylated amino acids.
Further examples of unnatural amino acids and amino acid analogs can be found in U.S.
20030108885, U.S. 20030082575, US20060019347 (paragraphs 410-418) and the references
cited therein. The polypeptides of the invention can include further modifications including those
described in US20060019347, paragraph 589. Exempary GCC agonist peptides which include a

non-naturally occurring amino acid include for example SP-368 and SP-369.

[145] In some embodiments, the GCC agonist peptides are cyclic peptides. GCC agonist
cyclic peptides can be prepared by methods known in the art. For example, macrocyclization is
often accomplished by forming an amide bond between the peptide N- and C-termini, between a

side chain and the N- or C-terminus [e.g., with KsFe(CN)gat pH 8.5] (Samson ¢/ al.,
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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.

[146] 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 er al. 1978
J. Med. Chem. 2 1:117) to form alternative internal cross-links at the positions of the normal

disulfide bonds.

[147] In certain embodiments, one or more disulfide bonds in a GCC agonist peptide are
replaced by alternative covalent cross-links, e.g., an amide linkage (-CH,CH(O)NHCH;- or -
CH,;NHCH(O)CH;-), an ester linkage, a thioester linkage, a lactam bridge, a carbamoyl linkage,
a urca linkage, a thiourca linkage, a phosphonate cster linkage, an alkyl linkage (-
CH,CH,CH,CHj;-), an alkenyl linkage (-CH,CH=CHCH,-), an ether linkage (-CH,CH;OCH;- or
-CH,OCH,CH,-), a thioether linkage (-CH,CH,SCH,- or - CH,SCH,CH>-), an amine linkage (-
CH,;CH,NHCH:;- or -CH;NHCH;,CH3-) or a thioamide linkage (-CH,CH(S)HNHCH;- or -
CH>NHCH(S)CH>-). For example, Ledu et al. (Proc. Natl. Acad. Sci. 100:11263-78, 2003)
describe methods for preparing lactam and amide cross-links. Exemplary GCC agonist peptides

which include a lactam bridge include, for example, SP-370.

[148] In certain 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. Bonds that can replace
polypeptide bonds include: a rctro-inverso bond (C(O)-NH instcad of NH-C(O); a reduced amidce
bond (NH-CH,); a thiomethylene bond (S-CH> or CH>-S); an oxomethylene bond (O-CH, or
CH;-0); an ethylene bond (CH,-CHj;); a thioamide bond (C(S)-NH); a trans-olefine bond
(CH=CH); a fiuoro substituted trans-olefme bond (CF=CH); a ketomethylene bond (C(O)-CHR
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or CHR-C(O) wherein R is H or CHj3; and a fluoro-ketomethylene bond (C(O)-CFR or CFR-
C(O) wherein R is H or F or CH3.

[149] In certain 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. Tn one aspect described herein, there may be more than
one type of modification on the polypeptide. Modifications include but are not limited to:
acctylation, amidation, biotinylation, cinnamoylation, farncsylation, 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-1-
sulfonic acid), dabeyl, 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
KLH (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 1X.

[150] 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
includc glycosylation. Prcferrably, where the modification is an amino acid substitution, it is 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 (e.g., glycine, asparagine,

glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine,
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leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains
(e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,

tryptophan, histidine).

[151] In one embodiment, a GCC agonist peptide described herein is subjected to

random mutagenesis in order to identify mutants having biological activity.

[152] In one embodiment, the GCC agonist peptide is substantially homologous is a
GCC agonist peptide described herein. Such substantially homologous peptides can be isolated

by virtue of cross-reactivity with antibodies to a GCC agonist peptide described herein.

[153] 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

[154] GCC agonist peptides can be prepared using art recognized techniques such as

molecular cloning, peptide synthesis, or site-directed mutagenesis.

[155] Peptide synthesis can be performed using standard solution phase or solid phase
peptide synthesis techniques in which a peptide linkage occurs through the direct condensation
of the amino group of one amino acid with the carboxy group of the other amino acid with the
elimination of a water molecule. Peptide bond synthesis by direct condensation, as formulated
above, requires suppression of the reactive character of the amino group of the first and of the
carboxyl group of the second amino acid. The masking substituents must permit their ready

removal, without inducing breakdown of the labile peptide molecule.

[156] 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
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
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condensation. Solubility considerations are also a factor. Solid phase peptide synthesis uses an
insoluble polymer for support during organic synthesis. The polymer-supported peptide chain
permits the use of simple washing and filtration steps instead of laborious purifications at
intermediate steps. Solid-phase peptide synthesis may generally be performed according to the
method of Merrifield 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 Fmoc strategy, which are well known in the art.

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

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

[158] 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.

[159] Alternatively the GCC agonist peptides are produced by modern cloning
techniques For example, the GCC agonist peptides are produced cither 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
Icader scquence that permits the scerction of the mature polypeptide from the ccll. Thus, the
sequence encoding the polypeptide can include the pre sequence and the pro sequence of, for
cxample, a naturally-occurring bacterial ST polypeptide. The sccreted, mature polypeptide can

be purified from the culture medium.

[160] 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.
The DNA molecule may be inserted into an autonomously replicating vector (suitable vectors

include, for example, pPGEM3Z and pcDNA3, and derivatives thereof). The vector nucleic acid

48

3735



WO 2010/065751 PCT/US2009/066600

may be a bacterial or bacteriophage DNA such as bacteriophage lambda or M 13 and derivatives
thereof. Construction of a vector containing a nucleic acid described herein can be followed by
transformation of a host cell such as a bacterium. Suitable bacterial hosts include but are not
limited to, E. coli, B subtilis, Pseudomonas, Salmonella. The genetic construct also includes, in
addition to the encoding nucleic acid molecule, elements that allow expression, such as a
promoter and regulatory sequences. The expression vectors may contain transcriptional control
sequences that control transcriptional initiation, such as promoter, enhancer, operator, and

IrePressor sequencces.

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

polypeptide production.

[162] 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 HA tag, in order to facilitate purification. The affinity tag or reporter fusion joins
the reading frame of the polypeptide of interest to the reading frame of the gene encoding the
affinity tag such that a translational fusion is generated. Expression of the fusion gene results in
translation of a single polypeptide that includes both the polypeptide of interest and the affinity
tag. In some instances where affinity tags are utilized, DNA sequence encoding a protease
rccognition sitc will be fused between the reading frames for the affinity tag and the polypeptide

of interest.

[163] 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.

[164] The peptides disclosed herein may be modified by attachment of a second
molecule that confers a desired property upon the peptide, such as increased half-life in the body,
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for example, pegylation. Such modifications also fall within the scope of the term "variant” as

used herein.
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Table 1. GCRA Peptides (SP-304 and Derivatives)

Namc | Position of Structure SEQ
Disulfide bonds D

NO

SP304 | CCI2, CT:C15 | Asn'-Asp-Glu™Cys Gl Leu™Cys -Val™-Asw’-Val -Ala"CysThr-Gly"-Cys -Leu” 1
SP-326 | C3CI1 CoC14 | Asp'-Ghr-Cys-Gu™-Lew'-Cys™Val -Asn’-Val’-Ala™-Cys"-Thr*.Gly"CysLen” 2
SPA27 | CC10,C5:C13 | Asp'Gh'Cys’Glu™-Lew™-Cys"-Val -Asn™ValAla"Cys - Thr“-Gly"-Cys 3
SP328 | C2:C10, C5:CL3 | Glu"Cys™-Glu™Leu'Cys'-Val™Asn ™ Val'-AlaCys - Thr'-Gly"-Cys *-Leu'” 4
SP329 [ C2C10,C5:CI3 | Glu™-Cys -Ghr'-Leu™-Cys -Val™-Asn-Val™-Ala™-Cys -Thr -Gly -Cys~ 5
SP330 [ CL:CY, C4C12 | Cys'-Gl™-Leu'Cys™-Val-Asn™Val-Ala'Cys Thr"-Gly-Cys Lo 6
SP331 [ CLiCY, CACL2 | Cys-Gl™-Leu'Cys™-Val-Asn™Val-Ala™Cys Thr™-Gly - Cys” 7
P332 [ CHCI2CTCIS | Asn-Asp-Ghr-Cys™-Ghr'Leu™Cys -Val™Asn'-Val "Ala -CysThr -Gl "Cys -dLen” 8
SP-333 [ CHCI2LTCIS | dAsn'-Asp-Ghr'CysGlr-Leu®Cys'-Val'-As’-Val - Ala"-Cys™- The ™ Gly"-Cys"-dLen® 9
SP334 | CCI2CTCLS | dAsn-dAsy-Ghr-Cys-Glu’Len™Cys -Val -Asn -Val -Ala -Cys ~Thr™-Gly"Cys -dLen" 10
SP335 | CACI2LTCLS | dAsn'-dAsp™=0GhrCys -Gl-Leu™Cys -Val'Asn-Val ™Ala"-Cys ™ Thr -Gly"-Cys"-dLen” 11
SP-336 [ CHCILCTCIS | dAsn-Asp-Glu'Cys -Gl™Leu™Cys -Val™Asn -Vl "-Al"Cys - Thr™Gly"Cys"Len” 12
SP337 | CCI2,CTCLS | dAsn'-Asp™-Ghu’Cys™-Glu™dLen"Cys -Val'-Asn'-Val"-Ala"-Cys ™ Thr™-Gly"-Cys -dLen" 13
SP-338 | C4C12, CT:CLS | Asn'-Asp-Ghr-Cys™Ghy'-Leu™Cys -Val™-Asn’-Val ™Ala"-Cys - The"-Cly"-Cys" 14
SP-342 | C4:C12, C7.C15 | PEG3-Asn'-AspGlu’Cys™GluLeu'Cys -Val™Asn”-Val™Ala™-Cys ™ Tor"-Gly *Cys"-dLeu PEG3 | 15
SP-343 | C4C12, CTC15 | PRG3-dAsn -Asp™Glu™Cys -Glu>Len'Cys -Val™-Asn™Val Ala” Cys"-Thr -Gly Cys "dLeuPEG3 | 16
SP-344 | C4CL2, CT-CL3 | PEG3-dAsn -dAsp-Glu™-Cys -Glu™-Leu™Cys -Val -Asn -Val -Ala -Cys ~Thr -Gly" CysdLeu PEG3 | 17
SP34T | C4:C12, CT.CLS | dAsn-Asp-Gl'Cys-Glu™Leu"Cys -Val'™-Asn-Val ™-Ala"-Cys “Thr"-Gly"Cys -dLeu"-PEG3 1§
SP-348 [ C4C12, CT:CIS | PEG3-Asn™-Asp™Gh’-Cys™Glu™Len™Cys -Val*-Asn -Val ™Al -Cys ™ Thr ™Gy “Cys -dLen'” 19
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|82 €0ad 108,840, A1D- YL~ SAD- BIV-,, [EA-USY- JBA- SKD- 0T ND- SAD- N[O~ dsy- usy | S1DILDTIDHD 0IN
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1.3 Methods of Use

[165] The invention provides methods for 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 methods of the
invention include irritable bowel syndrome (IBS), non-ulcer dyspepsia, chronic intestinal
pscudo-obstruction, functional dyspepsia, colonic pscudo-obstruction, duodenogastric reflux,
gastroesophageal reflux disease (GERD), ileus (e.g., post-operative ileus), gastroparesis,
hecartburn (high acidity in the GI tract), constipation (e.g., constipation associatcd with usc of
medications such as opioids, osteoarthritis drugs, or osteoporosis drugs); post surigical
constipation, constipation associated with neuropathic disorders, Crohn’s disease, and ulcerative

colitis.

[166] The invention also provides methods for treating gastrointestinal cancer in a
subjcct in nced thercof by administering an cffective 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, ¢sophageal cancer, pancreatic cancer, colorectal

cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer.

[167] Disorders are treated, prevented or alleviated by administering to a subject, e.g., a
mammal such as a human in need thereof, a therapeutically effective dose of a GCC agonist
peptide. The GCC agonist peptides may be in a pharmacecutical composition in unit dose form,
together with one or more pharmaceutically acceptable excipients. The term “unit dose form”
refers to a single drug delivery entity, e.g., a tablet, capsule, solution or inhalation formulation.
The amount of peptide present should be sufficient to have a positive therapeutic effect when
administerced to a paticent (typically, between 10 pg and 3 g). What constitutes a “positive
therapeutic effect” will depend upon the particular condition being treated and will include any

significant improvement in a condition readily recognized by one of skill in the art.
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[168] The GCC agonist formulations of the invention are particularly useful in the
treatment or prevention of diseases and disorders that benefit from selective targeting of the GCC
agonist to a region of the gastrointestinal tract. In one embodiment, the GCC agonist
formulation targets delivery of the GCC agonist to the duodenum or jejunum. In accordance
with this embodiment, the GCC agonist formulation is particularly useful for the treatment or
prevention of one or more of the following: irritable bowel syndrome (preferably constipation
predominant), 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 H. pylori infection. In one
embodiment, the GCC agonist formulation for targeted delivery to the duodenum or jejunum
comprises a pH dependent polymer with a threshold pH between 4.5 and 6. In another
embodiment, the GCC agonist formulation targets delivery of the GCC agonist to the ileum or
colon. In accordance with this embodiment, the GCC agonist formulation is particularly useful
for the treatment or prevention of one or more of the following: ileitis (post-operative ileitis),
Crohn’s disease, ulcerative colitis, terminal ileitis, and colon cancer. In one embodiment, the
GCC agonist formulation for targeted delivery to the ileum or colon comprises a pH dependent

polymer with a threshold pH between 6.5 and 7.5.

[169] The specific dose of the GCC agonist to be administered in the formulations of the
invention will depend on the nature of the disease or disorder to be treated or prevented as well
as its scverity. Other factors routincly used in determining the dosage for a particular subject
include the subject’s body weight, general health, diet, and natural history of disease. The route
of administration and scheduling of administration will also be considered. In certain
embodiments, an effective dosage of a GCC agonist will typically be between about 10 ug and
about 3 mg per kilogram body weight, preferably between about 10 pg and about 1 mg of the
compound per kilogram body weight. In other embodiments, the dosage of a GCC agonist will
be effective to induce anti-inflammatory activity in the target tissue, especially the large
intestines (e.g., the terminal ileum and colon). In accordance with this embodiment, the effective
dosage of the GCC agonist will be from 0.01 mg to 10 mg per kilogram body weight. In a
preferred embodiment, the effective dosage is 0.01 mg/kg, 0.1 mg/kg, 1 mg/kg, 5 mg/kg, or 10
mg/kg body weight. Adjustments in dosage will be made using methods that are routine in the

art and will be based upon the particular composition being used and clinical considerations.

71

3758



WO 2010/065751 PCT/US2009/066600

[170] The GCC agonists for use in the methods described above are preferably
administered orally. Dosage forms include solutions, suspensions, emulsions, tablets, and
capsules.

[171] The total daily dose can be administered to the patient in a single dose, or in

multiple subdoses. Typically, subdoses can be administered two to six times per day, preferably

two to four times per day, and even more preferably two to three times per day.

[172] 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
agonist is administered in combination with one or more chemotherapeutic agents. In another
embodiment, the GCC agonist is administered in combination with one or more or anti-
inflammatory drugs such as steroids or non-steroidal anti-inflammatory drugs (NSAIDS), such as

aspirin.

[173] 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 scparate formulation containing a
third agent. While the two or more agents in the combination therapy can be administered
simultancously, they need not be. For example, administration of a first agent (or combination of
agents) can precede administration of a second agent (or combination of agents) by minutes,
hours, days, or weeks. Thus, the two or more agents can be administered within minutes of each
other or within 1, 2, 3, 6, 9, 12, 15, 18, or 24 hours of each other or within 1,2,3,4,5,6,7,8, 9,
10, 12, 14 days of each other or within 2, 3,4, 5,6,7, 8,9, or 10 weeks of each other. In some

cases even longer intervals are possible. While in many cases it is desirable that the two or more
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agents used in a combination therapy be present in within the patient’s body at the same time,

this need not be so.

[174] 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 cGMP in the target tissues or organs.

[175] 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, ctc.

1.3.1 Exemplary Agents for Combination Therapy

[176] 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
thcrapcutic agents. In accordance with this cmbodiment, the GCC agonist is administered cither
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
(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
¢GMP-spccific phosphodicsterase (¢cGMP-PDE) cither 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 agonist formulation is

administered in combination with inhibitors of cyclic nucleotide transporters. Further examples

73

3760



WO 2010/065751 PCT/US2009/066600

of therapeutic agents that may be administered in combination with the GCC agonist

formulations of the invention are given in the following sections.

1.3.1.1 Agents to Treat Gastrointestinal Cancers

[177] The GCC agonist formulations described herein can be used in combination with
onc or more antitumor agents including but not limited to alkylating agents, cpipodophyllotoxins,
nitrosoureas, antimetabolites, 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.

[178] 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/RNA transcription 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 RNA interference, receptor binding molecules of any chemical
naturc (including small molcculces and antibodics), targeted toxins, cnzyme activators, cnzyme
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.

[179] 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(II) dichloride
(Cisplatin), esculetin, melphalan, methoxyamine hydrochloride, mitomycin C, mitoxantrone

dihydrochloride, oxaliplatin, and streptozocin.
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[180] 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'-

deoxyuridine, 5-fluorouracil, ganciclovir, hydroxyurea, 6-mercaptopurine, and 6-thioguanine.

[181] Representative DNA/RNA transcription regulators include actinomycin D,
daunorubicin hydrochloride, 5,6-dichlorobenzimidazole 1-b-D-ribofuranoside, doxorubicin

hydrochloride, homoharringtonine, and idarubicin hydrochloride.

[182] Representative enzyme activators and inhibitors include forskolin, DL-
aminoglutethimide, 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.

[183] Representative gene regulators include 5-aza-2'-deoxycytidine, S-azacytiding,
cholecalciferol (Vitamin D3), ciglitizone, cyproterone acetate, 15-deoxy-D.sup.12,14-
prostaglandin J.sub.2, epitestosterone, flutamide, glycyrrhizic acid ammonium salt
(glycyrrhizin), 4-hydroxytamoxifen, mifepristone, procainamide hydrochloride, raloxifene
hydrochloride, all trans-retinal (vitamin A aldehyde), retinoic acid (vitamin A acid), 9-cis-
retinoic acid, 13-cis-retinoic acid, retinoic acid p-hydroxyanilide, retinol (Vitamin A), tamoxifen,

tamoxifen citrate salt, tetradecylthioacetic acid, and troglitazone.

[184] Representative HSP-90 inhibitors include 17-(allylamino)-17-

demethoxygeldanamycin and geldanamycin.

[185] 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.

[186] Representative agents for performing phototherapy include photoactive porphyrin

rings, hypericin, S-methoxypsoralen, 8-methoxypsoralen, psoralen and ursodeoxycholic acid.
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Representative agents used as therapy adjuncts include amifostine, 4-amino-1,8-
naphthalimide, brefeldin A, cimetidine, phosphomycin disodium salt, leuprolide (leuprorelin)
acctate salt, luteinizing hormone-releasing hormone (LH-RH) acctate salt, lectin, papaverine

hydrochloride, pifithrin-a, (-)-scopolamine hydrobromide, and thapsigargin.

[187] The agents can also be anti-VEGF (vascular endothelial growth factor) agents, as
such are known in the art. Several antibodies and small molecules are currently in clinical trials
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 M AP kinases), 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 treatment or in clinical trials).

[188] In a 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 onc or more antitumor agent sclected from the group consisting of paclitaxel,
docetaxel, tamoxifen, vinorelbine, gemcitabine, cisplatin, etoposide, topotecan, irinotecan,
anastrozole, rituximab, trastuzumab, fludarabine, cyclophosphamide, gentuzumab, carboplatin,
interferons, and doxorubicin. In a particular embodiment the antitumor agent is paclitaxel. In a
further embodiment, the method further comprises an antitumor agent selected from the group

consisting of 5-FU, doxorubicin, vinorclbing, cytoxan, and cisplatin.

1.3.1.2 Agents that Treat Crohn's Discase

[189] 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 known as 5-ASA agents,

such as Asacol, Dipentum, or Pentasa, or infliximab (REMICADE). In certain embodiments, the
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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 codcine.

1.3.1.3 Agents that Treat Ulcerative Colitis

[190] In onc ecmbodiment, 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 bc uscd 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 such as rosiglitazone and
pioglitazone. In one emobidment, the one or more additional therapeutic agents includes both

cyclosporine A and 6-MP or azathioprine for the treatment of active, severe ulcerative colitis.

1.3.1.4 Agents that Treat Constipation/Irritable Bowel Syndrome

[191] 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 METAMUCIL or bran), agents such as ZELNORM (also
called tegaserod), and anticholinergic medications such as BENTYL and LEVSIN.

1.3.1.5 Agents for the Treatment of Postoperative Ileus

[192] 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
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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.

1.3.1.6 Anti-obesity agents

[193] In one embodiment, a GCC agonist formulation of the invention is administerced
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 13
HSD-I (11-beta hydroxy steroid dehydrogenase type 1) inhibitors, such as BVT 3498, BVT
2733, 3-(l-adamantyl)-4-cthyl-5-(cthylthio)- 4H-1,2,4-triazolc, 3-(lI-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][l 1Jannulene, and those compounds disclosed in W0O01/90091,
WOO 1/90090, WOO 1/90092 and W0O02/072084; SHT antagonists such as those in
WO03/037871, WOO03/037887, and the like; SHTIa modulators such as carbidopa, benserazide
and those disclosed in US6207699, W(003/031439, and the like; SHT2c¢ (serotonin receptor 2¢)
agonists, such as BVT933, DPCA37215, IK264, PNU 22394, WAY 161503, R-1065, SB 243213
(Glaxo Smith Kline) and YM 348 and those disclosed in US3914250, WO00/77010,
WO002/36596, W002/48124, W0O02/10169, W0O01/66548, W0O02/44152, WO02/51844,
W002/40456, and W0O02/40457; SHT6 rceeptor modulators, such as thosc in W003/030901,
WO003/035061, W0OO03/039547, 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, W0O01/62746, WO01/62747, and
WO003/015769; 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,
WO096/33159, W097/29079, W0O98/31227, W0O98/33765, W098/37061, WO98/41519,
WO098/43635, W098/43636, W099/02499, WO00/10967, WO00/10968, WO01/09120,
WOO01/58869, WO01/64632, WO01/64633, WO01/64634, WO01/70700, WO01/96330,
WO002/076949, WO03/006007, WO03/007887, W003/020217, W0O03/026647, W0O03/026648,
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W003/027069, W0O03/027076, W0O03/027114, W0O03/037332, W0O03/040107, WO03/086940,
WO003/084943 and EP658546; CCK-A (cholecystokinin-A) agonists, such as AR-R 15849, GI
181771 (GSK), IMV-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 W(094/09134, W(098/22128,
and W(099/43813; dipeptidyl peptidase IV (DP-1V) 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 Yamada et 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
compounds disclosed patent publications. W0O99/38501, W099/46272, W0O99/67279
(Probiodrug), W099/67278 (Probiodrug), W099/61431 (Probiodrug), WQ02/083128,
WO002/062764, W0O03/000180, WO03/000181, W0O03/000250, W003/002530, W0O03/002531,
WO003/002553, W003/002593, WO03/004498, W0O03/004496,WO03/017936, W003/024942,
WO003/024965, W0O03/033524, W0O03/037327 and EP1258476; growth hormone secretagogue
receptor agonists/antagonists, such as NN703, hexarelin, MK- 0677 (Merck), SM-130686, CP-
424391 (Pfizer), LY 444,711 (Eli Lilly), L.-692,429 and .- 163,255, and such as those disclosed
in USSN 09/662448, US provisional application 60/203335, US6358951, US2002049196,
US2002/022637, WO01/56592 and W0O02/32888; H3 (histamine H3) antagonist/inverse
agonists, such as thioperamide, 3-(1IH-imidazol-4- yl)propyl N-(4-pentenyl)carbamate),
clobenpropit, iodophenpropit, imoproxifan, GT2394 (Gliatech), and A331440, O-[3-(1H-
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 W0O02/15905,
WO003/024928 and W0O03/024929; leptin derivatives, such as those disclosed in US5552524,
US5552523,US5552522, US5521283, W096/23513, W0O96/23514, W096/23515,
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W096/23516, WO096/23517, W096/23518, W096/23519, and W0O96/23520; 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. W099/64002, W0O00/74679, WOO 1/991752, WOO 1/25192, WOO
1/52880, WOO 1/74844, WOO 1/70708, WO01/70337, WO01/91752, W002/059095,
W002/059107, W002/059108, WO02/059117, W0O02/06276, W0O02/12166, W0O02/11715,
WO002/12178, W0O02/15909, W002/38544, W002/068387, W0O02/068388, W0O02/067869,
WO002/081430, WO03/06604, WO03/007949, WO03/009847, WO03/009850, W0O03/013509,
and W003/031410; Mc5r (melanocortin 5 receptor) modulators, such as those disclosed in
WO097/19952, WO00/15826, W0O00/15790, US20030092041; melanin-concentrating hormone 1
receptor (MCHR) antagonists, such as T-226296 (Takeda), SB 568849, SNP-7941 (Synaptic),
and those disclosed in patent publications WOO 1/21169, WO01/82925, WOO01/87834,
WO002/051809, W002/06245, W0O02/076929, W0O02/076947, W0O02/04433, W002/51809,
WO002/083134, W002/094799, WO03/004027, WO03/13574, WO03/15769, W0O03/028641,
WO003/035624, W003/033476, WO03/033480, JP13226269, and JP1437059; mGIuR5
modulators such as those disclosed in W003/029210, W003/047581, W0O03/048137,
WO003/051315, WOO03/051833, W0O03/053922, W003/059904, and the like; serotoninergic
agents, such as fenfluramine (such as Pondimin® (Benzeneethanamine, N-ethyl- alpha-methyl-3-
(trifluoromethyl)-, hydrochloride), Robbins), dexfenfluramine (such as Redux®
(Benzencethanamine, N-cthyl-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

compounds disclosed in US4746680, US4806570, and US5436272, US20020006964, WOO
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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, W099/51600, WO01/85690, WO01/85098, WO01/85173, and
WOO01/89528; NPYS5 (neuropeptide Y Y5) antagonists, such as 152,804, GW-569180A, GW-
594884A, GW- 587081X, GW-548118X, FR235208, FR226928, FR240662, FR252384,
1229091, GI-264879A, CGP71683A, 1.Y-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,
US6335345,US6337332,US6329395, US6340683, EP01010691, EP-01044970, WO97/19682,
WO097/20820, W097/20821, W097/20822, W097/20823, W098/27063, W0O00/107409,
WO00/185714, W0O00/185730, WO00/64880, WO00/68197, WO00/69849, WO/0113917,
WO001/09120, WO01/14376, WOO01/85714, WOO01/85730, W0O01/07409, WO01/02379,
WO001/23388, W0O01/23389, WOO 1/44201, WOO01/62737, WO01/62738, W0O01/09120,
WO002/20488, W0O02/22592, W0O02/48152, W002/49648, W002/051806, W0O02/094789,
WO003/009845, W0O03/014083, W0O03/022849, W0O03/028726 and Norman et 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 WO00/21509; orexin antagonists, such as SB-334867-A and
those disclosed in patent publications W0O01/96302, WO01/68609, W002/44172, WO02/51232,
WO002/51838, W002/089800, W0O02/090355, W0O03/023561, W0O03/032991, and
WO03/037847; PDE inhibitors (¢.g. compounds which slow the degradation of cyclic AMP
(cAMP) and/or cyclic GMP (¢GMP) 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/or the class consisting of the 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) 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,
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EP000718, EP0008408, EP0010759, EP0059948, EP0075436, EP0096517, EPOI1 12987, EPOI
16948, EP0150937, EP0158380, EP0161632, EP0161918, EP0167121, EP0199127, EP0220044,
EP0247725, EP0258191, EP0272910, EP0272914, EP0294647, EP0300726, EP0335386,
EP0357788, EP0389282, EP0406958, EP0426180, EP0428302, EP0435811, EP0470805,
EP0482208, EP0490823, EP0506194, EP0511865, EP0527117, EP0626939, EP0664289,
EP0671389, EP0685474, EP0685475, EP0685479, JP92234389, JP94329652, JP95010875,
US4963561, US5141931, W0O9117991, W0O9200968, W09212961, W(0O9307146, W09315044,
WQ09315045, W0O9318024, W09319068, W0O9319720, WO9319747, W(09319749,
WO9319751, WO9325517, W09402465, W0O9406423, WO9412461, W0O9420455,
WO09422852, WO9425437, W09427947, WO9500516, WO9501980, WO9503794,
WO09504045, W0O9504046, W0O9505386, WO9508534, W0O9509623, W(09509624,
WO09509627, WO9509836, W09514667, WO9514680, WO9514681, W0O9517392,
WO9517399, W0O9519362, W09522520, W0O9524381, W0O9527692, W(O9528926,
WO09535281, W0O9535282, W09600218, WO9601825, W0O9602541, W0O9611917,
DE3142982, DE1 116676, DE2162096, EP0293063, EP0463756, EP0482208, EP0579490,
EP0667345 US6331543, US20050004222 (including those disclosed in formulas I- XIIT and
paragraphs 37-39, 85-0545 and 557-577), WO9307124, EP0163965, EP0393500, EP0510562,
EP0553174, W09501338 and W09603399, 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, ICI63197, 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 ICI153, 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,
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PDE3/4 inhibitors (such as benafentrine, trequinsin, ORG-30029, zardaverine, L- 686398, SDZ-
1ISQ-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 W0O02/47712,
WO003/026591, WOO03/057235, and WO03/027637; serotonin reuptake inhibitors, such as,
paroxetine, fluoxetine (Prozac™), fluvoxamine, sertraling, citalopram, and imipramine, and
those disclosed in US6162805, US6365633, WO03/00663, WOO 1/27060, and WOO 1/162341;
thyroid hormone ( agonists, such as KB-2611 (KaroBioBMS), and those disclosed in
WO002/15845, W097/21993, W099/00353, GB98/284425, U.S. Provisional Application No.
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)-1-propenyl]benzoic acid (TTNPB), retinoic acid, and those disclosed in
WQ099/00123; 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, US5491134, US5776983, US488064, US5705515,
US5451677, WO94/18161, W095/29159, W0O97/46556, WO98/04526 and W(0O98/32753,
WOO01/74782, W002/32897, W003/014113, WO03/016276, WO03/016307, WO03/024948,
WO003/024953 and W0O03/037881; noradrenergic agents including, but not limited to,
diethylpropion (such as Tenuate® (1- propanone, 2-(diethylamino)-1 -phenyl-, hydrochloride),
Merrell), dextroamphetamine (also known as dextroamphetamine sulfate, dexamphetamine,
dexedrine, Dexampex, Ferndex, Oxydess 11, Robese, Spancap #1), mazindol ((or 5-(p-
chlorophenyl)-2,5-dihydro-3H- imidazo[2,l-a]isoindol-5-o0l) such as Sanorex®, Novartis or
Mazanor®, Wyeth Ayerst), phenylpropanolamine (or Benzenemethanol, alpha-(l-aminocthyl)-,
hydrochloride), phentermine ((or Phenol, 3-[[4,5-duhydro-1H-imidazol-2-yl)ethyl](4-
methylpheny-l)amino], monohydrochloride) such as Adipex-P®, Lemmon, FASTIN®, Smith-
Kline Beecham and Ionamin®, Medeva), phendimetrazine ((or (2S,3S5)-3,4-Dimethyl-
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2phenylmorpholine L-(+)- tartrate (1 :1)) such as Metra® (Forest) , Plegine® (Wyeth- Ay erst),
Prelu-2® (Bochringer Ingelheim), and Statobex® (Lemmon), phendamine tartrate (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 ((S)-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 compounds as disclosed by WOO01/12176; and other anti-obesity
agents such as SHT-2 agonists, ACC (acetyl-CoA carboxylase) inhibitors such as those described
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,
DGAT?2 (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 W003/053451, 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
WO01/87335, and W0O02/08250), polypeptide hormones and variants thereof which affect the
islet cell secretion, such as the hormones of the secretin/gastric inhibitory polypeptide
(GIP)/vasoactive intestinal polypeptide (VIP)/pituitary adenylate cyclase activating polypeptide
(PACAP)/glucagon-like polypeptide II (GLP- II)/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
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US20050130891, and derivatives derived from GLP-1-(7- 34)COOH and the corresponding acid
amide are employed which have the following general formula: R-NH-
HAEGTFTSDVSYLEGQAAKEFIAWLVK-CONH,; wherein R=H or an 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 therecof (as in WOO03/057237, and the like), L- carnitine, Mc3r
(melanocortin 3 receptor) agonists, MCH2R (melanin concentrating hormone 2R)
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 shown to increase weight loss), transcription factor
modulators (such as those disclosed in W003/026576), B-hydroxy steroid dehydrogenase- 1
inhibitors (B -HSD-I), B-hydroxy-pB-mecthylbutyrate, p57 (Pfizer), Zonisamide (Zonecgran™,
indicated as an anti-epileptic which has been shown to lead to weight loss), and the agents

disclosed in US20030119428 paragraphs 20-26.

1.3.1.7 Phosphodiesterase inhibitors

[194] In certain embodiments, the regimen of combination therapy includes the
administration of on¢ or more phosphodiesterase (“PDE”) inhibitors. PDE inhibitors slow the
degradation of cyclic AMP (cAMP) and/or cyclic GMP (¢GMP) 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 PDE5
inhibitors, in particular thosc substanccs 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,
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DE2451417, DE2459090, DE2646469, DE2727481, DE2825048, DE2837161, DE2845220,
DE2847621, DE2934747, DE3021792, DE3038166, DE3044568, EP000718&, EP0008408,
EP0010759, EP0059948, EP0075436, EP0096517, EPOI1 12987, EPOI 16948, EP0150937,
EP0158380, EP0161632, EP0161918, EP0167121, EP0199127, EP0220044, EP0247725,
EP0258191, EP0272910, EP0272914, EP0294647, EP0300726, EP0335386, EP0357788,
EP0389282, EP0406958, EP0426180, EP0428302, EP0435811, EP0470805, 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, W0O9200968, W09212961, W0O9307146, WQ9315044,
WO09315045, W0O9318024, W0O9319068, W09319720, W0O9319747, W0O9319749,
WO09319751, W0O9325517, W09402465, W09406423, W0O9412461, W09420455,
WO09422852, W09425437, W09427947, W0O9500516, W0O9501980, W0O9503794,
W09504045, W09504046, W0O9505386, WO9508534, W09509623, W0O9509624,
W09509627, W09509836, W0Q9514667, W0O9514680, W0O9514681, W09517392,
WO09517399, W09519362, W09522520, W09524381, W09527692, W(09528926,
WO09535281, W09535282, W09600218, WO9601825, W09602541, W0O9611917,
DE3142982, DE1 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,
EP0510562, EP03553174, WO9501338 and W09603399. PDES inhibitors 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
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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, ENOXIMONE and MILRINONE. PDE3/4 inhibitors which may be mentioned by
way of example are BENAFENTRINE, TREQUINSIN, ORG-30029, ZARDAVERINE,
L-686398, SDZ-1SQ-844, ORG-20241, EMD-54622, and TOLAFENTRINE. Other PDE
inhibitors include: cilomilast, pentoxifylline, roﬂum_ilast, tadalafil(Cialis®), theophylline,
and vardenafil(Levitra®), zaprinast (PDES specific). GCC AGONIST

1.3.1.8 Analgesic Agents

[195] In certain embodiments, the regimen of cémbination therapy includes the
administration of one or mo.re analgesic agents, e.g., an analgesic compound or an
analgesic polypeptide. In some embodiments, the GCC agonist formulation is
administered simultaneously or sequentially with one or more analgesic agents. In other
embodimehts, 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, SHT receptor antagonists (for example SHT3,
SHT4 and SHTI receptor antagonists), bpioid receptor agonists (loperamide, fedotozine,
and fentanyl), NKI receptor antagonists, CCK receptor agonists (e.g., loxiglumide), NKI
* receptor antagonists, NK3 receptor antagonists, norepinephrine-serotonin reuptake
inhibitors (NSRI), vanilloid and cannabanoid receptor agonists, and sialorphin. Further

examples of analgesic agents in the various classes are known in the art.

[196] 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: 250), including: VQHNPR
(SEQ ID NO:251); VRQHNPR (SEQ ID NO:252); VRGQHNPR (SEQ ID NO:253);
VRGPQHNPR (SEQ ID NO:254); VRGPRQHNPR (SEQ ID NO:255); '
VRGPRRQHNPR (SEQ ID NO:256); and RQHNPR SEQ 1D NO:257).
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Sialorphin-related polypeptides bind to neprilysin and inhibit neprilysin- mediated
breakdown of substance P and Met-enkephalin. Thus, compounds or polypeptides that
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