WO 2011/ 020091PCT/ US2010/ 045605 MODI FI ED VASOACTI VE | NTESTI NAL PEPTI DES
CROSS REFERENCE TO RELATED APPLI CATIONS [ 1] This application clains
priority wodery/@boo. S. C. 119(e) to U. S. Provisional Appcirasteonsssesi al No.
61/ 234, 151, filed August 14, 2009, which is herein incorporated by
reference in its entirety. FIELD OF THE I NVENTION [2] The present

I nvention relates to vasoactive intestinal peptides (VIPs) and

phar maceut i cal comoﬁgpwgDmAé*\%gﬂﬁS%m Pbgci.lqggr ng VI Ps having an

extended circul atory rfe, an avi ng receptor binding profiles
that differ fromthe unnodified mature peptide. DESCRI PTI ON OF THE TEXT
FI LE SUBM TTED ELECTRONI CALLY [3] The contents of the text file submtted

el ectronically herew r ll':rl?l’f)frl I or o nce in their

entirety: A conputeybééggéﬁ?t or@%g%%§%§ﬂﬁ¢6{ﬁgﬁé%§ﬁgﬁ%§ Li sting

(filen +1 PHA 1 . S [ st.. t Xt oe0 rec d; u 4. 2010,

file 3@21]44 k?ﬁ%bg?pglé%{%ﬂ Slgh’ijxs tpﬁgf-ﬂg%nde}; 35 @tSeC 8 P{qu) fo 6”59 |§IIOVISi0naP
Application Serial No. 61/234,151, filed August 14, 2009, which is herein incorporated by

reference in its entirety.

FIELD OF THE INVENTION

[002] The present invention relates to vasoactive intestinal peptides (VIPs) and
pharmaceutical compositions comprising the same, including VIPs having an extended
circulatory half-life, and VIPs having receptor binding profiles that differ from the unmodified

mature peptide.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

[003] The contents of the text file submitted electronically herewith are incorporated
herein by reference in their entirety: A computer readable format copy of the Sequence
Listing (filename: PHAS_019_01US_SeqList ST25.txt, date recorded: August 4, 2010, file
size 44 kilobytes).

BACKGROUND

[004] Vasoactive intestinal peptide (VIP) has a number of biological effects including
with respect to hemostasis, the immune system, and the nervous system. See, Delgado et
al., The Significance of Vasoactive Intestinal Peptide in Immunomodulation, Pharmacol.
Reviews 56(2):249-290 (2004). For example, VIP has a beneficial effect on blood and

pulmonary pressure and on a wide range of immunological and inflammatory conditions.

VIP has great potential as an active agent for pulmonary hypertension, chronic obstructive
pulmonary disease (COPD), arthritis, inflammatory bowel disease (IBD), and asthma to

mention a few.

[005] There are at least two receptors for VIP, including VPAC1 and VPAC2. These
receptors bind both VIP and the related molecule pituitary adenylate cyclase-activating

polypeptide (PACAP) to some degree. Both receptors are members of the 7-



BACKGROUND [4] Vasoactive intestinal peptide (VIP) has a nunber of

bi ol ogi cal effects including with respect to henostasis, the i mmune system
and t he nEovou28093t em See, Del gado et al., The Signifipcaniseoiof43éasoacti ve
I ntestinal Peptide in I munonodul ati on, PharnmacoL Revi ews 56(2):249-290
(2004). For exanple, VIP has a beneficial effect on blood and pul nonary
pressure and on a W de range of i mmunol ogi cal and inflamuatory conditions.

chr ont rABCEIERTS RaPRoTaPp drpie T bepa R sRATTRRRY. DYPRIRRIAY bowel

di seasecr@s,]l?la)er langl Ia&fshfaéalﬁ@Tﬂﬁﬁb}h@yteg {/\@Ac%z [ﬂ?uﬁhefroe eRsmplaf mLtaaasctr\tl)wﬁ v p
receptors or a ese receptors I N ot

and Fheparn‘g[eg[se%( %?I&lfﬁc% b?%h%cg %E%%%W'a‘ftée 7P sl %tl ng pol ypept i de
PACAP d

011 0 dOBB P LR a et kns! TS Reftars HS o%60 Binsivicthan Pethadaasits?

fam |'y.addrf\CEet PatoD,rétkullt @dning dmnrxatdleeance WithheascNBive lintestinal beistigie: A

intesti n%v @nd T-! {g&hmﬁtfes VPAC§I is fognaﬁqf%éﬁxfsggdgﬁt(%&%l '”%Nﬁ%”

pancre
st omac mtudlééba@@MQhét th@hélf-lmefcﬁ \OP invbiBod &nd@rtaanﬁ hirsinptep{Detasdhrpreaat i cal

as a ph c . ee Po et a Tuni ng ol.erapce with
vas oact%gfil&r‘f‘kjélét ?&%ﬂ%%{rpgeet ah: ﬁgﬁtwﬁgp}egﬁ?t@e&f)Bgog@ﬂg%r %P'ﬁ?ﬁfn

dihsoL dler]flelltltu]?éMf:c sleiegi2di( Qr{)ﬁdﬁasw@%x ZGnﬁEl)caté rtde:@delosmudi &ﬁhét@vparﬁbmam t hat
t he ha ife V. 0 ss .t han ] nhut ke et

1078 diicatsh. MpiedaiersiviRgre fererts poted e ian e e pB LS8R GO, g13)
Fur t herprattieal, ol exdnuisle, 1of ebteodmglr@alhfeetamct desinivg IhareyulesomglinigC aésirables

devel opnent, far articular indication. Mdified versions of VIP are

t her ef JFE°HIRE @Bﬂ”@ﬁ Oﬁggﬁder the agent therapeutically practical, for

exanpl e, by extending half-1ife and/ or designing nol ecul es having desirable
receptor-binding profiles. SUVWARY OF THE I NVENTION [7] The present
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molecules, and methods of using the modified VIP agents for the treatment of patients. In

accordance with the invention, the modified VIP exhibits an extended circulatory half-life or
persistence in the body, and/or comparable receptor-binding and/or biological potency,

and/or altered receptor binding profile with respect to unmodified VIP.

[008] In one aspect, the invention provides modified VIP molecules and pharmaceutical
compositions comprising the same. The modified VIP molecules are recombinantly or
chemically modified at the N- and/or C-termini by addition of one or more amino acids,
and/or by fusion to heterologous amino acid sequences, so as to provide a longer circulatory
half-life or persistence in the body, comparable biological potency, and/or a modified
receptor binding profile. For example, in some embodiments, the 28-amino acid mature VIP,
which begins with an N-terminal His, comprises additional N-terminal amino acids, such as a
single amino acid at the N-terminus (e.g., Met). In these or other embodiments, the modified
VIP contains an N- or C-terminal fusion to an Elastin-Like-Peptide (ELP) as described
herein. Such modified VIP molecules may show an increased circulatory half-life or

persistence in the body, and/or an altered binding preference for VPAC2 over VPAC1.
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effectors in a patient, including a patient suffering from an autoimmune disease or
inflammatory condition. Exemplary indications for the modified VIP include hypertension,
chronic obstructive pulmonary disease (COPD), diabetes, myocardial fibrosis, heart failure,

cardiomyopathy, arthritis, inflammatory bowel disease (IBD), and asthma, among others.



DESCRI PTION OF THE FIGURES [15] Figure 1 shows the am no acid sequence of
a nodified VIP-ELP fusion protein (MVIP-ELP1-120, SEQ ID NO 14) having
Met at thwoNetiarzmomus and 120 ELP1 units (VPGXG SEQ | DPE@US3)10fousesl to t he
VIP at the Ctermnus. [16] Figure 2 shows the am no acid sequence of a
nodi fied VIP-ELP fusion protein (MAA-VIP-ELP1-120, SEQ I D NO 15) having
Met-Ala-Ala at the NNtermnus, which is activatable to the natural mature
VIP peptide, and 120 ELP1 units (VPGXG SEQ ID NGO 3) fused to the VIP at
the Ctermnus. [17] Figure 3 is a plasmd map of pPB1031, which encodes

ELP1-120 for convenient pr I f i fusions. [18] Figure 4
depi cts pPBlO46 \enclodi ngpaﬁ‘{‘iﬁ@?@ﬁﬁ'ﬁ%&ﬁ%ﬁ% NCB 39 and 43) fusion
tei 004, P0048, SE n P 065,
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receptor. [23] Figure 9 shows the in vitro activity of native VIP and
VI P- ELHOfITi on Figwed ins #a40idonamadl (*BI1087, Wbich ¥RaCbsIEddptaor for c¢rdéhieR gur e

10 sho h the VIP-ELP fusion protein on rat bl ood
pressu\r,\%rozj &Pb%fYéC%&b ag‘\ﬁgjglscmétol i c blood pressure. Ri ght panel shows
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P -40) fusion protein. Primers (P0045, SEQ ID NO: 31, P0048, SEQ ID NO: 32, and P0065,

SEQ ID NO: 34) for construction of the recombinant gene are shown.

[019] Figure 5 depicts pPB1047 encoding an MAA-VIP-ELP1-120 (SEQ ID NOs: 41
and 42) fusion protein. Primers (P0066, SEQ ID NO: 35, P0064, SEQ ID NO: 33, P0067,

SEQ ID NO: 36) for construction of the recombinant gene are shown.

[020] Figure 6 depicts pPB1048 encoding an ELP1-120-VIP (SEQ ID NOs: 43 and 44)
fusion protein. Primers for constructing the recombinant gene (P0068, SEQ ID NO: 37,
P0069, SEQ ID NO: 38) are shown.

[021] Figure 7 is a 10% Tris-Acetate NUPAGE gel analysis of purified VIP-ELP fusion

proteins, with or without heat denature.

[022] Figure 8 shows the in vitro activity of native VIP and VIP-ELP fusion proteins
PB1046 and PB1047 for VPAC2 receptor.

[023] Figure 9 shows the in vitro activity of native VIP and VIP-ELP fusion proteins
PB1046 and PB1047 for VPAC1 receptor.

[024] Figure 10 shows the in vivo effect of the VIP-ELP fusion protein on rat blood
pressure. Left panel shows systolic blood pressure. Right panel shows diastolic blood

pressure. VIP-ELP lowers blood pressure for over a 12 hour period.

[025] Figure 11 is a plasmid map of pPB1120 (SEQ ID NO: 48), which encodes VIP-
ELP1-120.



[25] Figure 11 is a plasmd map of pPB1120 (SEQ I D NO 48), which encodes
VI PELP1-120. WD 2011/ 020091PCT/ US2010/ 045605 [26] Figure 12 shows the in
vitro actwoizoy/abomati ve VIP and VI P-ELP fusion protei n®CP8K2010/0a3505 P81046
for VPACL receptor. [27] Figure 13 shows the in vitro activity of native
VI P and VI P-ELP fusion proteins P81120 and P81046 for VPAC2 receptor. [28]
Fi gure 14A shows the pharmacokinetic profile of the VIP-ELP fusion protein
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exhibit an extended circulatory half-life or persistence in the body, comparable receptor-
binding or biological potency, and/or altered receptor binding profile with respect to
unmodified VIP. In various embodiments, the compounds of the invention exhibit a reduced

dosing frequency as compared to unmodified counterparts.

Vasoactive Intestinal Peptide

[031] Vasoactive intestinal peptide (VIP) is a peptide hormone containing 28 amino
acid residues and is produced in many areas of the human body including the gut, pancreas
and suprachiasmatic nuclei of the hypothalamus in the brain. VIP exhibits a wide variety of
biological actions including systemic vasodilation, hypotension, increased cardiac output,
respiratory stimulation, hyperglycemia, coronary dilation, bronchodilation in animals and

humans. VIP also affects the balance of the immune system.

[032] VIP has an effect on several parts of the body. With respect to the digestive
system, VIP may induce smooth muscle relaxation (lower esophageal sphincter, stomach,
gallbladder), stimulate secretion of water into pancreatic juice and bile, and cause inhibition

of gastric acid secretion and absorption from the intestinal lumen. Its role in the intestine is
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inhibiting gastrin-stinulated gastric acid secretion. These effects work
together to increase notility. VIP has the function of stinulating

pepsi nogen secretion by chief cells. [33] VIP has been found in the heart

and has, si.gnificant effects on the r di ovascul S It causes

o onarts Ui RETHI SRR LR oI dleged e st ariRcle,

chr onot diRphg pefiteed! bloob%]ssér’i I%tmﬁnaarﬁg Ipaﬁua@rmrdcérabmalg sp@plidrdand sfisting or

treatin |nflaqg% ion and TH1- t ut ol seaSﬁ (See Del gadg, et al.
¥ 5 ¢

The Si g@AStEitudatse dosisacd Seere es 15741 © eﬁ@p‘f’%é"@?f mURERBR Metityn,
Phar macwlP. hasemé einsticrbéidtimidtiing Pepidsieh)secrebP bl shigs&diig] for the treat ment
of neurodegenerative di seases (see US Patent No. 5,972,883, which is hereby
i ncor popodged byip ahebescdund in the Ak efrﬂthe)s srg\/irflaaﬁtnéfféctsﬁorﬁﬂwelvét'diﬂi\&hbMar

rel at ed ti i tui tar aden te cyc vatl ng pepti de ( PACAP)
nave | ridBFThnll BHSER PR eYLELALoT SEn igh 35 MRV MRy S REURRIE 1400

di seaseshrénttidprseffest eoarthritis (OA) and rheurrat oid arthritis (RA) by
down-regul ating both the inflammatory and autoi mmune conponents of the

di seasgogduarr avmz itn ammunMasanaaﬁrigvee;itmtearsbrunaér tPefping deflarotiatioat 881 TH1-

0oL TSPt e 401 TS5 A0 ASSRULTLILC A0S UG

parti ci peaitiels in nmmammh@dummg Prarmeot Rbe:eazaee(zr)mgegulrmozrm)g \tiRes badfalrfere

bet t d ti,-infl th
et vect 12 B PR ARG s PLL IR L SLVBE S 20 LIGHSLO e
T- cel :jSméd?pdr@te@t byateferemedims Ieﬁmetw the!rr@nztseSwdtdrramamed Ipéptrdmpreﬁtbrwal
pept i

t di sor d 007,
D5 0) - oY ylas G APRPTES ERCAPTRR e, RPN ddraR a1 e
fol | ow momemamtowmrmka@mwmé&snws( eaggahwrrmmalem arttitR

results m roces ng ,of 70- am no id. ecur sor l e .
om0 G Br R o B o 6 G i Sttt S ispatsea i
US Pat gudusradhz835). 28250adtia38te2 b pEpﬂd@]mSéMateé pFo'irﬁlaﬁrﬂﬂatoAr rﬁ&ﬁatﬁﬁi\mthesrs

o, 608, 1AL IR A

6. 608 184 ostedarihriiic 0o . _C

ent i r etaddition, allP partippstes. in [rﬁﬁr]tarﬁmgu:merneoftoremheé|hyn3egm3atmgprhevbalpe¢3at| de
stabiligt ai nst. proteases e the literature (see une
ot al PIRUFHDRRETE at%reraaqshaart! B PR Pheita oveRrUbHe bR Shemsler o
vasoactT-cellsi hbésg mahpmepetordactdﬁzy iagatnsv esitoatebbtiienroelie dPetatat | alt yTunfag . J.
Phar m B| oLpha ! h j.s her ) reference I,n |ts
ent i retl U { rance Wit _ SO e 1n I -pentl G- 1SV - 2Ll VALY of
SEQ I D rhd@zun%]drid\;ﬁﬂrls PemldprmﬂenES(engIM)of I\/Et) SEQ I D NO. 22 (KI15R,
K20R and K21R, to increase proteolytic WD 2011/ 020091PCT/ US2010/ 045605

st abi | i[095], an¥=8EE MIP Ndas 238 (NﬁmA acd $2S5dyest avitnctheakdlowing sequence:

pr ot eol S i Dye on vides npdified VIP
et et PRUETBNTR RLBREAVR LS CERIER Quat T ERale M aRePRa oF
addi t i dhal 1A}-#mimodadid qeedwss tekculebpepleYi®l. n.Stiocamgd e©f \OP amtliekerplaMl P
nol ecul I the i f]ed, vVl t 27,
30, a2, PR BN dBibed FL PSS ae AR Poa e e o

modi fi e41608,641, e 6¢080,833np6.3$6,693 SEB77,419, 5,972,883, 6,489,297, 7,094,755, and

6,608,174, each of which is hereby incorporated by reference in its entirety for all purposes.

[036] A number of mutations to improve peptide stability against proteases etc. are

detailed in the literature (see Onune et al Physicochemical and pharmacological

characterization of novel vasoactive intestinal peptide derivatives with improved stability,

Eur. J. Pharm. Biopharm. 2009, which is hereby incorporated by reference in its entirety for
all purposes). These modified VIP peptides have sequences of SEQ ID NO. 21 (M17L, to
prevent oxidation of Met), SEQ ID NO. 22 (K15R, K20R and K21R, to increase proteolytic



ID NGO 13) (or a functional analog as described herein) is provided.
Cenerally, functional analogs of VIP, include functional fragnents

t runcat edwet2otineod or C-termnus by from1 to 10 am noPratiusg)ioiomsbiidi ng by
1, 2, 3, or up to about 5 amno acids (with respect to SEQ ID NO 13). Such
functional analogs may contain from1l to 5 amno acid insertions,

del etions, and/or substitutions (coI lectively) with respect to the native
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about 500:1, or more. For example, in certain embodiments, the modified VIP activates the

VPAC2 receptor substantially as mature, unmodified, human VIP, that is, with an EC50
within a factor of about 2 of mature, unmodified, human VIP (SEQ ID NO: 13). However, this
same modified VIP is 50- or 100-fold or more less effective than mature, unmodified, human
VIP in activating the VPAC1 receptor.



met hionine, and Nis the Ntermnus of the VIP nolecule (e.g., SEQ ID No.
14, FIGURE 1). This nethionine supports translation of the protein in a
bact er i alwonorukemyot i ¢ host cell. Thus, the nodified VpPPTamrolbe4ssasie i n a
bi ol ogi cal system including bacterial and yeast expression systens (e.g.,
E. coli). Wile nethionine can sonetines be renoved by nethi oni ne
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[46] Still in another enbodinment, the N-term nus of a nodified activatable
VIP may have the structure MZ-S-N, where Mis nethionine; Zis a substrate
for a di pEptzodarerdie.g., Z is renoved by di pepti dase expasurse)ip/okseds t he
N-term nus of mature VIP (His); and Sis one or nore am no acids which wll
be exposed after dipeptidase digestion, and which provide a nodified VIP as
previ ously described. For exanple, the nodified activatable VIP WO
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conpri se repeatl oneri c
or Pro; X2 is Pro Ala, or Ser; and N is a non-His N-terminal of the active VIP. X1-X2 is a

substrate for dipeptidase (e.g., DPP-1V), and dipeptidase digestion will expose N, the desired

non-His N-terminus of the VIP.

[046] Still in another embodiment, the N-terminus of a modified activatable VIP may
have the structure M-Z-S-N, where M is methionine; Z is a substrate for a dipeptidase (e.g.,
Z is removed by dipeptidase exposure); N is the N-terminus of mature VIP (His); and S is
one or more amino acids which will be exposed after dipeptidase digestion, and which

provide a modified VIP as previously described. For example, the modified activatable VIP

9



sel ected from bi oel asti c pentapeptides and tetrapepti des, where the
repeating units conprise amno acid residues selected fromthe group

consi st i myoabiinzdmwephobi ¢ am no aci d and gl yci ne resi duesTarsdominegsoees t he
repeating units exist in a conformation having a beta-turn of the fornula:
RIR2 HHI N CGC N CH 11111 O rO O R4 IIIHCCGNH

may have an N-terminal sequence with the formula M-X-S-N where M is methionine, X is
Pro, Ala, or Ser; N is the N-terminal of mature VIP; and S is one or more amino acids which
will be exposed after dipeptidase digestion, and will provide receptor preference.
Alternatively, the N-terminal sequence of the activatable VIP may be X1-X2-S-N, where X1
is Gly, Ala, Ser, Cys, Thr, Val, or Pro; X2 is Pro, Ala, or Ser; N is a non-His N-terminal of
VIP; and S is one or more amino acids which will be exposed after dipeptidase digestion.

X1-X2 is a substrate for dipeptidase (e.g., DPP-IV), and dipeptidase digestion will expose S.

[047] In these or other embodiments, N-terminal chemical modifications to the VIP N-
terminus may provide receptor preference. Chemical modification of proteins and methods
thereof are well known in the art. Non-limiting exemplary chemical modifications are
PEGylation, methylglyoxalation, reductive alkylation, performic acid oxidation, succinylation,
aminoethylation, and lipidation (Clifton, New Protein Techniques, New Jersey: Humana
Press, 1985. ISBX. 0-89603-126-8. Volume. 3 of. Methods in Molecular Biology). Chemical
groups, such as PEGylation, may be attached by modifications of cysteine, methionine,
histidine, lysine, arginine, tryptophan, tyrosine, carboxyl groups have been described

previously (see Lundblad, Techniques in Protein Modification, CRC Press, 1995).

Fusions to Bioelastic Polymers

[048] In some embodiments, the VIP of the invention contains an N-terminal and/or C-
terminal bioelastic polymer component. A “bioelastic polymer’ may exhibit an inverse
temperature transition. Bioelastic polymers are known and described in, for example, U.S.
Pat. No. 5,520,672 to Urry et al. Bioelastic polymers may be polypeptides comprising
elastomeric units of pentapeptides, tetrapeptides, and/or nonapeptides (e.g. "elastin-like
peptides"). Bioelastic polymers that may be used to carry out the present invention are set
forth in U.S. Pat. No. 4,474,851, which describes a number of tetrapeptide and pentapeptide
repeating units that can be used fo form a bioelastic polymer. Specific bioelastic polymers
are also described in U.S. Pat. Nos. 4,132,746; 4,187,852; 4,500,700; 4,589,882; and
4,870,055, Still other examples of bioelastic polymers are set forth in U.S. Pal. No.
6,699,294, U.S. Pat. No. 6,753,311, and U.S. Pat. No. 6,063,061. The structures of such

bioelastic polymers are hereby incorporated by reference.

[049] In one embodiment, the bioelastic polymers are polypeptides of the general
formula (VPGXG),, where X is any amino acid (e.g., Ala, Leu, Phe) and m is from about 20
to about 2000, or about 50 to about 180. In exemplary embodiments, m is 60, 90, 120, 150,
or 180. The frequency of the various amino acids as the fourth amino acid can be changed,

as well as the identity of X.

10



wherein R1-R5 represent side chains of am no acid residues 1-5, and mis O
when the repeating unit is a tetrapeptide or 1 when the repeating unit is a
pent apeptwadeoiiMan@pept i de repeating units generally con®c3stusediopessoent i al
tetra- and pentapeptides. Hydrophobic am no acid residues are selected from
al ani ne, valine, |eucine, isoleucine, proline, phenylalanine, tryptophan,
and nethionine. In nany cases, the first amno acid residue of the
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GVGVP, tWWé’HEHPHB@Btlde GKGVP, the pentapeptide GVGFP, the pentapeptide
GFGFP, the pentapeptide GEGVP, the pentapeptide GFGYVP, and the pentapeptide
GVEd P. See, e.g., US. Pat. No. 6,699, 294{ [051] I n certaiky exenpl ary

enbodi nents, the VIP of the invention con alns an N- term'nal and/or
C-termnal ELP conponent. The ELP cfrponeht conpri sgb ornLonsists of
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the elastin protein. Such sequences are J§eful |jfor inprovj ng the properties
of therapeutic proteins in one or nore of bioaMailabilityl, therapeutically
effective dose and/or adm nistration frequency) WO C==
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fromfour to ten am no acids, such as five or six amno acids. The length
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one or @lycﬂ{@bé}ﬁéﬁéﬁﬁdéfGWVF’stf@ﬁérﬁt@@edﬁde%\/b N@peﬂtaé@ptldy@V@EP the
conponent may conprise about 120 structural units, such %Eﬁé geats REL
st r uct UreAtaRgRII¢S %@@F%e&h%weﬁmePW?\l@E§vfdé?? RS AREPEY U HeteLp
conpongintdpRY N8 GIP.| Sagkhy. af . sf paimiabegbe 284t o about 2000 amino acid

resi dues, or from about 10 to about 600 amino acid resi dues, or from about

200 to eb t 5@0 céﬂbnﬁ%@@ldbr&&ﬁhlﬁh&ﬁent@r ey OIP alpaHe iRHBE G@bBis 4A0N-aN no
acid residu I n some enbodi nent s, ELFe ELP conponent, or in so

s tﬁ%“'ﬂﬁ'e%@ﬁ%&l%mé[@éﬁﬁp aponest o b FLP GompoRs aaBrhes sotutsnts 8l ess

t han abauictut GekiBe ubts drasguédias 1 els réisel B8, or @eriVeBBorh NiaB eil3anbrddink Da,
or less than about 40 kDa, or |ess than about 3Q or 25 kDa.
Such sequences are useful for improving the properties of therapeutic proteins in one or

more of bioavailability, therapeutically effective dose and/or administration frequency,
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WO 2011/ 020091PCT/ US2010/ 045605 [56] In sone enbodi nents, the ELP
conponent in the untransitioned state nmay have an extended, relatively
unst r uct weaonrmdoeon- gl obul ar form so as to escape ki dnegTtfiskawaticon. |n
such enbodi nents, the therapeutic agents of the invention have a nol ecul ar
wei ght of less than the generally recognized cut-off for filtration through
t he ki dney, such as |ess than about 60 kD, or in sone enbodi nents |ess than
about 5 45 4 30.. or 25 and . nevert hel ess. persj in.the body
by at 188980 #en. ormiBigRcafatiatys LTS, PRIED S50 PRPE. BRFIRoT ol ¢

| onger o¢than merasurec olu pemsttdreegin, tha nadyesuibaequert dnj atpsibiettationh eandfoe Uhiec of

ot suBeaRLTlPY Bt Bebrre oy o hc PR BT e R e BOBP e
t her apely teferpeqd indts enfitetis, the VIP with ELP fusion of the present invention

may exhibit a potency (biological action) that is the sanme or simlar to
its unfi9é2H coWbar frer ELP Theolitidhed aththEL@®tdrondiusnofo? Pt laddipores emddificatiers i on

hi hi t I | of _bi ol ogi Lact i . d. test.ed i
TR XR) B SO e Rl b By RR L 20 i SRS
count ergesctibedabbdve. daaterasthayembatinmants Othisrecarb odi sueh treodifichionsat thevdPed) VI P

wth ELtIgrfiHa'éon of the present invention nay exhibit a potency or |evel of
bi ol ogi ¢al 'action (e.g., as tested in vitro or in vivo) of at |east 50%

0 0 0 0 0 1 f.th hi bi t.ed, by.. th f
S ount erigEaP 0% 1B B3 BEndRE el gk NP sRLAER Bis Bl HR8 D about

r ever sitoleetyl anviep seidshasie sonenambodimentEhiiwmifeyr tbhen Binhocansorectt gs fivesor

struct ur. di e i AVA | ubl e in ter | ow ransition
Cempor otk PR SRR s MRlikiaBe HBE e Dl eh paR Bl P GBRREDARN . o
t r ansi tinen vayem nidyebd emfoenatiucertais enbbdiettnéh theeEL P eoMpondne adiangtricied of
desol vat i ti of th P.co nent For, [ t h P
forms ThaBbare, 298bega.’ SRl BonneRi" CIPRRaR, 3po whaRHe hf, &

r eadi | yrepeatingesirughudali wis.aEgdmplaonstackursl writs iyclaendnits fdefiadd oy SEQUIENNPhase

transitjQp i i.bl.e I S0l i nsal.ubl n. |etely
reaor ubl 12465 PEORLAET maP i SRPRRES R efurrl iR e R o < ne
Tt of trieee&lnBsunitthas mayHee emploggk it somagembmatidon,tthecréate ent Eldh effectiveifor sone
enbodi ne : S f . C ipat i tel i rity
ising o e BREEAEE by 1AL IR AMARGRE, TR s L S Botld

t enper atammisdeesmhsist essAntibiy pt girafturahenit(bleselpaed momageft ID dI0S al-12,aakdi ti on
to the gBALYyBLoRHCCeSSi ve inverse phase transition cycles can be used to
obtain a hirgh é)egree of purity. In addition to tenperature and ionic
strengt t her i f gqq%l I he dnyerse
transiti g‘rl]]Oof tmg%i?ﬂggﬁeﬁé C\ﬁ’g{ rr1ltgl @bf‘sﬁlgvﬁgg&lﬁﬁl B'E] 'F]é a dt?s% Ibggar%np Sisﬁ%}égani C
and or g=ati exagwlasties EkRCoswlonent may sperigshal eonisistiessaritioly of fraheputal0 to

modi 1 C2d.P8oo SRALHPETL Bt in el Iioinb Al BrSHLATRRLP20d Btk RgPoNent
does not undergo a rever5|51e I nver se phase transition, or does not unhdergo
such a eriarsiteinosmeadimenss dlooyaleeut 159 tp @beviahi0 Ftrycturaldunitsusr frére abapt v tenent s

in the h i .ol 0gi [ - I

20111 020081 bt OeIFED7 85 BELY ST, cBRAREI Gl RARATY SEL 1B NIE
entirel{13r TebELBrommongnti mee sempass absutatRp pihmbwal yritss sud¢roas perssts of es.
Never t _ i . . -2

pr act i calCiel (TS HoRREE By SEENT NCP'S QERRR. boidh). THys, BRPELS BRpbhG Phay

puri fi ceveon lesltis octomoibestib@40 abp@03000namine geicatstsidties.ofr frére ghoets dft to

I nventign,i bG§ afid %%@@%gg, Jria6T AEHIE 268 1Lk bb@gmg{o SPREMEE drFRPVe
the VIP conponent in the therapeutic conposition. Subsequent to

admi ni saboat 2O taggbouh €0 dujrocagidvePdEeP construct to the patient in need of
the VIP therapeutic agent, the VIP conponent and the ELP remain coupl ed

wi t h onl@58hot hét same| embasimentp, the R capeanedabt i s@ne vesesethg. thefapeutic
treat R oY I i el Welel i fon, or
of hor T I ay o P nat pRol 3PS, Bl LS neh ROUCICR 78, BFles BRH 4ol
conpone?ft K39, erdgssolban @paeidbkDatardessuthan abaitt4) kPaardeisrihamabowiai0 ¢ri2f t ed

to: kDa.
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(a) the tetrapeptide Val-Pro-@y-Gy, or VPGG (SEQ ID NO 1); (b) the
tetrapeptide Ile-Pro-Ay-Ay, or IPGG (SEQ ID NO 2); (c) the pentapeptide
Val - Pr o- Gvp-25t1@2909§ SEQ | D NO 3), or VPGXG where X i s 20¥/Usat10/08360Dr
non-natural am no acid residue, and where X optionally varies anong
polymeric or oligoneric repeats; (d) the pentapeptide Al a-Val-dy-Val-Pro,
?r AVGVP (SEQ ID NGO 4); (e) the pentapeptide Ile-Pro-Ay-X-Ay, or |IPGXG
SEQ | wher e S y or Jon- nat ural .am cid re5|due
i P8 oply S5 FyPodiieRE Koy BonGrart & BF B PEuiEep S pa Ve o)
t he perdnaéi@@idledereldtﬁel?rumsﬁtctur\éabﬂanan gmsbuld?@fﬁ‘a §SEEXd &sdéiﬁb kkihey ﬂl@r‘e).ort he

pent apepti de L Pro €] €] or LPGXG ( SE
nat ur aﬁ'ﬁ)éf’crh& té?n% “8 qgggﬁs(ﬂ?g(‘ gggn&ﬁbp%vex)a SPHSBIRL 0 eIW?g@acﬁl es
anong pedsytRBe i gkfneﬁéllyg@é@niz@drcﬂpeﬁlf@’ filtrtigh thrbeghp evatladrent subd as less than

Val - Al ZPPHLRERD. g e SEPoURsaaer o B o 45 79 That R AR Y e

ay- Valne%ryhéV@és-;EérrgstGhythé/@bd@by at wasGZ@lE’CM'bld SERI, IB ﬂz«i(a 1m@&>ld 2@-Mid, tdre

nonapept i de Val - -d y- Phe- - Val i
11); P p1(g)0-fold Ionger than anyuncoupled Ye.g., unfusé/d or unconjxgated) therapeutlc cougter % | D NO
[057] In these or other embodiments, the ELP component does not substantially or

significantly impact the biological action of the therapeutic peptide. Thus, the VIP with ELP
fusion of the present invention may exhibit a potency (biological action) that is the same or
similar to its unfused counterpart. The VIP with ELP fusion of the present invention may
exhibit a potency or level of biological action (e.g., as tested in vitro or in vivo) of from 10-
100% of that exhibited by the unfused counterpart in the same assay. In various
embodiments, the (activated) VIP with ELP fusion of the present invention may exhibit a
potency or level of biological action (e.g., as tested in vitro or in vivo) of at least 50%, 60%,
75%, 80%, 90%, 95% or more of that exhibited by the unfused counterpart.

[058] In certain embodiments, the ELP component undergoes a reversible inverse
phase transition. That is, the ELP components are structurally disordered and highly soluble
in water below a transition temperature (Tt), but exhibit a sharp (2-3°C range) disorder-to-
order phase transition when the temperature is raised above the Tt, leading to desolvation
and aggregation of the ELP components. For example, the ELP forms insoluble polymers,
when reaching sufficient size, which can be readily removed and isolated from solution by
centrifugation. Such phase transition is reversible, and isolated insoluble ELPs can be
completely resolubilized in buffer solution when the temperature is returned below the Tt of
the ELPs. Thus, the therapeutic agents of the invention can, in some embodiments, be
separated from other contaminating proteins to high purity using inverse transition cycling
procedures, e.g., utilizing the temperature-dependent solubility of the therapeutic agent, or
salt addition to the medium. Successive inverse phase transition cycles can be used to
obtain a high degree of purity. In addition to temperature and ionic strength, other
environmental variables useful for modulating the inverse transition of the therapeutic agents
include pH, the addition of inorganic and organic solutes and solvents, side-chain ionization

or chemical modification, and pressure.

[059] In certain embodiments, the ELP component does not undergo a reversible
inverse phase transition, or does not undergo such a transition at a biologically relevant Tt,

and thus the improvements in the biological and/or physiological properties of the molecule
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WO 2011/ 020091PCT/ US2010/ 045605 (K) the nonapepti des

Val -Pro-dy-Val-Ay-Val-Pro-Ay-Ay, or VPGVGVPGG (SEQ ID NO 12). [62]
Such struwounalo2ovits defined by SEQ I D NOCS: 1- 12 nay f oroTAtScaoysead repeat
units, or may be used in conbination to forman ELP conponent in accordance
with the invention. In sone enbodi nents, the ELP conponent is formnmed
entirely (or alnost entirely) of one or a conbination of (e.qg., 2, 3 or 4)
struct raI uni t cted fr nts, at

he
Pnas ! 45iesioed FEuBEi e oy sb gt hrarial allesghilas B, 2
from oneargltioa p@@éomea;at Nevertbbless rsuch whabe trahsitors plopeities n’ﬁayampSE(adldmohﬁS.

1-12, and whjc resent as eating units ] n

eribodi HEAEICS PREATHISS. o eRENto)” CORERI 1P Tashastovem: pe0 AUFErIRn i Tihdem
r epeat imgetuiéd.s, of the pentapeptide Val-Pro-Ay-X-Ay (SEQ ID NO 3),
where X is as defined above, and where the percentage of Val-Pro-@y-X-AQy

(SEQ | [pos}  3) Irpestpagsipt iofl thelpresent trakeationyittidhEL R ep@pbndrt fdrtvtiorentol stabilizer

t (wh i t t t th th V| I D NO
YT T bR o 3 B mabti daiths YitaRe ot rinSiin o PURRIE B o han
about QEfninibtrative dElie coupRRINGRtELF benskugt to tmppatient nnnmﬁdmmeav/lﬁ theapéuwtichavi ng

pent apderiane MRS e ioing ot e tedlod BEH ang oDkt YHIE TG P

| east 2Zhemapaditicayasattive, efg. ttbetrsatmant or ptoptiyiakis ofiat MSesaseaatd;teroemmamolog‘hel guest
i sel.ected, such as fromthe amno acids V, |,

re5|dues be i.ndependent |
éongﬁén\ﬁr(ogmﬁ %pedjgcérﬁ?ré@?t@&‘ so as to ret ain a desired i nverse phase

tran3|t pro ry s |ncIu wher e
t he gue@gﬁr esi %@%}%%%ﬁ%hth% O”ﬂﬁ"@?e T G$< &nmﬁg/} %QWN%%J@ s,
st r uct unéldingnbtitsjat liGitédvu: ch may be present in 20% to 40% of structural
units, and A (which may be present in 10%to 30% of structural units). The
repeat notif itsdbftheagtrdpeptiepeatd;Glf-aly,ex MRGE@ (SEQUPNEhdNt 5 to about 20
times, such as about 8 to 15 tinmes (e.g., about 12 tines), to create an
exenpl ary ELF confpptherietrapEpideEle-Pop@he@yner IRSGIEEQR IHNO:2h t hi s par agr aph
may of course be constructed fromany one of the structural units defined
by SEQ I D NOS: 1-(tptheqrentapeptids WaltRror>ly reGlyd SEOAD MQeﬁbIOaW’QL(F v fnent
i's shown in Figur, I t

enbodi nents, the %L%Pyunl ! r?glyhi}’%}u%lf%ﬂ% Eérﬁ;a\ rg{'cﬁ%élétgﬂcrl gvﬁél]h I‘OVI des an

el astin-like prop@rleyaﬁ‘@ngpolymWepseligﬂmle repeatsi tion). Exerrpl ary peptide
sequences suitable for creating a P-turn structure are described in

I nternational Pat(@hthemeptapentideoaf@rABYelH51 86N V@MP ¢RERIDING by
incorporated by reference in its entiret For exanple, the fourth residue

(X) in the el asti(s) fenpepiensniide llsdiodHrX;CVPEXEREEED INANO3P). véhare e
altered w thout t

2011/ 020091PCT/ ugété’ﬂ%ﬁ%%%%%mf S?quﬁméﬁ]atég %égﬁ?ﬁo%ﬁdn\ﬁﬁ?rg\& Mendlp
conponents i ncl ud@rlﬁéﬁmglpélymerl@pr geanErare regfdtit s of the pentapeptide
VPGXG (SEQ ID NGO 3 where the guest residue X is any amno acid. X may be
a natural |y occur(el ig rRentapsatideliaPer Bly-\E&ly. rqrr'@G\éﬁl(ﬁéngl‘éO h some

enbodi nents, X is selected from al ani ne, ar gl ni ne &5 ?fh aspartic

acid, cysteine, dhuthgrrentapeptide §euPorGheX-GYyei HRGX O:j YoMHAES ne,

I eucine, lysine, y®tBhpRLAgal d?h%’?‘.%a@ur@ﬂhr'ﬂﬁm &&d 'ré}ﬁ‘duet %h@CWHe'F'@X bptoRa@phan,
tyrosine and valine. I'n sone enmbodiments, X is a natural am no acid other

than proline or cysieepReng PPWB]G”‘Fﬁ’éO@Pé‘%Q”Crré@?Qﬂ%e X (e g., with respect to

SEQ ID NO 3, or other ELP structural uni non- cl assi cal
(non-genetical ly (Qh%d@@)ap&ﬁi'qﬁ)‘-%?@ GEXW%@(BPQY@]@%%@ M8 84mi no aci ds
include: D isomers of th onmon am no_aci ds, 2, 4-di am nobutyric acid,

a-ani no i sobut yrl(@) Hei r@xawpt’%ﬂ/ﬁbﬁﬁ’f@ﬁoﬂé'yé@‘ By, R YAPEVGH SRR NG P& aci d,

y- Abu, E-Ahx, 6-am no hexanoic_acid, Aib |sobut 3-an no
propi oni ¢ aci d di e Wﬁ@ep%@@(u\@'@y‘vﬁbp‘@a&yn\@ %Y'ggvf%e(%EQ ID
sarcosi ne, ci truImD_nqag), honocitrul line, cysteic aci d tbutyl gl yci ne,

t-butyl al ani ne, phenylglycine, cyclohexylalanine, -aI ani ne, fluoro-am no
aci ds, designer am) e achslsepsits Vaaerd Biymehdydly-aai@9-A¢ s, or CAPGEEIBAGN no
aci ds, Na-nethyl am no acids, and am no acid analogs in general. [67]

Sel ection of X rrayQ"E’(%'q Hgl)eﬁ@na@‘f'\t in each ELF structural unit (e.g., for
each structural unit defined herein having a guest residue X). For exanple,
X may be independently selected for each structural unit as an am no acid
havi ng a positively charged side chaing an am no acid having a negatively
charged side chain, or an anm no acid having a neutral side chain, including
in sone enbodi nents, a hydrophobi c side chain.



[68] In still other enbodi nents, the ELP conmponent(s) may include pol yneric
or oligoneric repeats of the pentapeptides VPGXG (SEQ I D NO 3), | PGXG ( SEQ
| D NO 5) wo 2b0R@E@IISEQ | D NO 7), or a conbination thereeCI/ush@wm43%05 s as
defined above. [69] In each enbodi ment, the structural units, or in sone
cases polyneric or oligomeric repeats, of the ELF sequences nay be
separated by one or m)re am no acid residues that do not elimnate the

overal | effect of nol ecul [ i\ IR, ment s
to the ther apeutl( Qﬂ?@ﬁf’t"%é Yf’g?(f? Cﬁ\éyl P@h%ﬁ%ﬂ% éﬁﬁa %@&ééch one
or nore am no acigseabseodm)not elimnate or substantially affect the phase
transition properties of the ELF conponent (relative to the deletion of

such oneedr nDBBCV&@IrLﬁK!ur@CUdl&) defirledOdy $Ee& 3] NQIS wie oy fdie stestlrali regedil F
conponent s descr.i bed usi.n

t n ELPK [ X: Yrn
desi gnat s %‘QY c‘ﬂﬁ%r‘”l’:‘”i?ﬁ@'@ﬁ'@gtto R?ﬁni an (RE BoraRYIE 4 A% (igicgaancelvgﬁ} E\es are
si ngl e jhwintiek. ANEdee abodifRdss tRNELR beinporeott ot entiels bsalmopt enticeg)i gnat e

the relative rati o of ea S|dueX| e struct ere
el | CaBoBy o Bambinaies b oBobeh Bt e 1o useR fEaLsrade The - iEh
| engt h mfotﬁela@rrﬁlea’memmlam@@ét M%té\eats&arstuebw at atrle@eam% offtbe EeRasvpipeneftl P1

[ VBA2G3- 10] desi gnat es ontainin n of
the pert %\@fﬂifa%ﬁw@%a( 'Fﬁ“’lﬁlg’ofsﬁqmc s Bl %%gcfi\% 3 ki

gl yci n%n@twfﬁcﬁ’@;bﬁbb‘p%g’eatag)regéatﬁ]gajr{ﬁs ELP1 [ K1V2F1-4] designates an ELP
corrponent containing 4 repeating units of the pentapeptide VPGXG (SEQ I D

NO 3), [obsIr e Xin Sertais iefrthodwnadritd) Ethe L phrapyhedit(@nicottaiat repeatelirdtsi mludatgl o of

anits aﬁw%ﬁ AUt 6F Torkscseaies 18 Rt 8y Caareac Ml RSB, .

and phepylafifsti BBodd, @nd @lhate Re rgdreentade bf VAIPrECGREXIGEASER 10] Ndbsia)gnat es

PLCEL P SOSRER, SOV A LTS LS B LR TERTR) WFi0
of 1: 8:sfruclokdunfty-ofier dies UP@M&(%E@OH)WIBW)I) tegeatyr dihar algpub 7|5e€pemtgresnjemn| ts

Y

gent apephy centMPGxEid 1Eag 45 OIS it vépeae(eX. iaboeixtd-ursi or@b]?utv’ﬁz -umierepEatPaf [ g]
esi gn ept . 5 repeat.i,n nits of t i de
vove (eeernisbrestadt sateyd R0 2 Vil o Rosiu R oe dnobe st BRI A5FE!
r epfaat i legst an:bfttll‘Se @frudt%rﬁkﬁhﬁﬂbﬂ?ﬁpﬁﬂﬂ?reb@?xq r(eSdﬁiélst 2sMO0eS mayviieeindepéndsntly

usi v val i ne; - S S eptide . .co
Fopeat 1P SUCh R R Bemifeafry. Tiote s i W RERHTY A fato
excl usweinrya\dalswamemv@se bhﬂ@tramﬁpmrmopmﬁs Edemplanbedtifs indidesVip@X@dgsagh nay
b i ti th th t t i o
Cher apdbtNe BF g Mk Stse! realheRiafE Ll EBbnsSrkpor TR 9B foreytf 00% phe 1
i s a fuwicictual wits), i@e(\MydT omlycﬁm wiesgntof 20%tetogdss tof sesdtdae uniBhasd Afwhier yi ng

he identi f i due
b syntHBLPSefFehht ki ah HivEbLaNE o 18k fodR! Bolf RehsMloBrertrl. "
Thus, tfbeeldmpit, ﬁorglabent ElL® albemgzm timey, thm:atmet@dtob‘yé timeo(por abptutg’]%_

llarger fractjon_ of h ob| uest res L4 ’ npl es
of sui tt%?g ycd?%tﬁ ?)&e "’ér%t eSPHEE gﬁg}e P?/% |%°@%hre%§|8%lcg'g8?s'%ﬁéﬁci ne,
phenyl apaxagraph ntayymbmpr‘eabeandstmstéd foorn |aey ofly pbibiersgpctutal ohits defimed oy &E€] y

hyd b b Co t N
cor paPa PRy THes Pt ceBet i o dn Gelmre b P ositeng s SinitEtelle g
of : gl ut arked tated-taysiueion¥|P.l ysi ne, aspartate, al anine, asparagine,

serine, threonine, glycine, arginine, and glutamne; preferably selected
from al@sahe, d$esome enbhdiewnis)éhealBldP ghits may toramc BHurn [s#Q§turEhibatBirevidesngonent

t I d
bhys: or e aredge i Gy ke Pg%s FEREREL P duPpl bR sahu MaSShiable ¢ oy
about 3®rt oreatioit a 6@Gurorstfuctune ab@ut de38ribey alboubted®m@ondln Petamt pplisdiiorent s,

the Tt h 0 t t
than absal eel g Redie ekl b BN b Ralks el (S solBER.
sone enthedourtntesidué $X)abcbheeltabte\ hedgpepdidp eeqtance, WGXG&SE@UPG%@ br ) cqpalbé ent

(e.q. there i olu | vivo, or in WO

2011/ 02%%@?%%%5%6‘?%%%@0&'8 ﬁ% Hlpnnents the Tt is bel ow the body
tenperature (e.g., < 37C) to provide alternative advantages, such as in
vivo formation of a drug depot for sustained rel ease of the therapeutic
agent. See, for exanple, US 2007/0009632, which is hereby incorporated by
reference in its entirety.



[ 73] The Tt of the ELP conponent can be nodified by varying ELP chain

| ength, as the Tt generally increases with decreasing MN For pol ypeptides
havi ng a wol2ecwi2erv1wei ght > 100, 000, t he hydrophobi citypPstaiseoidevibdped by
Ury et al. (PCT/US96105186, which is hereby incorporated by reference in
its entirety) provides one neans for predicting the approximate Tt of a
specific ELP sequence. However, in sone enbodi nents, ELP conponent |ength

b L ati vel N whj, | intaining.a.t t Tt, by, .
o= JOBR oI it ey e R OB BB S s Plmdte o blogericy s no
ac: dr aepﬁate&ghagip@gtabypt{d@phiacb(ca @Etﬁtlh?dégsgomerf Eiee ??&t%qge@oeisdﬁa{ 4

(0] ept1 des V. N nol ecul,.ar wel. < s e . m e redl cte or
Rt or e FarhigS a1k Mo R Rl g T O GriBpa gy pEC g ey e DS oer o X
iosog-ggfﬁdﬁcﬁfin?"lihte, D<U|S| @flﬁcﬂéc_lqtf&in}fl,atlaﬂh ek, Ll\aggiﬁinélﬁsﬁér?giw&, gs;iarl]tjﬂé?ia; CW?in,h oLp

. . . . | e Q e . coO onen an ereror or, e
Sonmonedtitae dad e iahiE . adin | ARIBRGo NP JERe, WS ThanBhER Tty
and hydsiephabintie yere, threote StyptdpdibaUgroshe addidih@nal sqrepabbiiaened X he

nol ecul e maa%/ aII s0. be | ffectthed. Such ro'lpgerti es include, but are not limted
to sol UbRMAYal #igaagic o i%’&/‘,’mﬁ'@r i9FP€HEe, half-life, potency and safety

of the cul 75] 1n the Exanples s ti, elaw, it is n that the
oL coulPaG V1 s gufdt e Ao PR RRPE i SERLENBYR. onhér ity Bripte
bi ol ogi wdl) ragy ibei & yhonrotdsaichl thdnegameficesig derfcodamd) arhinyl &id Adekampterabf yipond t i s
shown that . ELPs .exhi bit L[@ng hal f-1i VE@é Cor r espondi ng.l g %LOES .ca}g be used
in accofduiet AMThatee MeKENPr 5191%5° % SHPTAN AR EPERs & A ORIY T eat er
t han 1086id, 208mind086bubPithacti) BYamadBUyeit aokr Abu,i Rampediutyric seih gdibme sk, t he
hal f-1ife of VIP, as cqgnj ed.with an ELP in conparison to the half-life
of t ne GrEdo Hiee gRe P R BhiDin ek chrTRonaeRD e ot B v p
havi ng mtleatidedncivaiing, atyaroxyivalide, | ddrevsiney diailimemnhomstieukitde,f cyemid acid, about
10 tines .per wee ch as from1l to abqut 5 or 0.about 3 tines.per
AR T 1 g g o IR R b e
may be dadigner siene dciab auich arc@-ntahyl \amios aglieuCaoevethyl ahineradtizsy Noemetlybut
every third d%,@% about . onc? a.week %’i .e. once weekly dosing).
Conj uga?'T"Bﬂ % ’_ Wﬁnﬂéfidfé]ao S_r"?a%?ﬂ% hant|y-produced VIP fusion protein,
:CB S?gﬁo@g?ﬁ;gﬁ e e‘e?:(t:i‘&g_r& %ﬁ)e/ aegigbgp?e{]ﬁd%ntgfn %aﬂc% Eﬂyes rEx'ctgl%’l u'nf?(ilaléd%gr 1("351(;
structural unit defined herein having a guest residue X). For example, X may be
independently selected for each structural unit as an amino acid having a positively charged
side chain, an amino acid having a negatively charged side chain, or an amino acid having a

neutral side chain, including in some embodiments, a hydrophobic side chain.

[068] In still other embodiments, the ELP componeni(s) may include polymeric or
oligomeric repeats of the pentapeptides VPGXG (SEQ ID NO:3), IPGXG (SEQ ID NO:5) or
LPGXG (SEQ ID NO:7), or a combination thereof, where X is as defined above.

[069] In each embodiment, the structural units, or in some cases polymeric or
oligomeric repeats, of the ELP sequences may be separated by one or more amino acid
residues that do not eliminate the overall effect of the molecule, that is, in imparting certain
improvements to the therapeutic component as described. In certain embodiments, such
one or more amino acids also do not eliminate or substantially affect the phase transition

properties of the ELP component (relative to the deletion of such one or more amino acids).

[070] The structure of the resulting ELP components may be described using the
notation ELPk [X;Y-n], where k designates a particular ELP repeat unit, the bracketed capital
letters are single letter amino acid codes and their corresponding subscripts designate the

relative ratio of each guest residue X in the structural units (where applicable), and n
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that do not transition at roomtenperature (or human body tenperature,
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[83] In another aspect, the invention provides polynucl eotides conprising a
nucl eoti de sequence encoding the nodified VIP of the invention. Such

pol ynucl ewDi2deg20my further conprise, in addition to seguEnsesiopnsodii ng VI P
or VIP anal og and fusi on sequences, one or nore expression control

el enents. For exanple, the polynucl eotide may conprise one or nore
pronoters or transcriptional enhancers, ribosonal bi ndi ng sites,

transcription term nat aden | ati on si s, as .
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contai ned within any sw abl e hos uch as E. coli.
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into arerkdnckor ite¥miregsi on of the therapeutic agent. The vector can renain
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st andar d reconbi ant DNA t noI 0 ors ca asm
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be enplmyesB4on accordance with the invention, including yeast expressi on
systens, manmal i an cell expression systens, and bacul ovi rus systens. [86]
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Conjugation and Coupling

[076] A recombinantly-produced VIP fusion protein, in accordance with certain

embodiments of the invention, includes the fusion component (e.g., ELP) and a VIP or an
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an effective anount of the nodified VIP of the invention (as described
above) together with a pharmaceutically acceptable carrier, diluent, or
exci pi entwBueoh/b@nmaceut i cal conpositions are effectivectrars2wpaicohg or
aneliorating, for exanple, autoinmune or inflanmatory di sease, as descri bed
herein. [88] The therapeutic agents of the invention may be adm ni stered
per se as well as in various forns including phar maceutical |y acceptabl e
esters d oth physi ol o functional derivative ereof. In
such pirnesc BV SeSta il i SHREr b el (BT Rt SXQaRen e BBl
sol el y,proteirt agtiRegerkcra164 uglltnagsrfamsrrruf atpeiynutiedtideadrizeding hap apeint drialog of

suc anmat ory agents or inmmunosuppresants. [89]
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1:ar Ir| ers! Ctﬁ"lﬁ%gi? gﬁqwgéoggﬁ)@y%@fty% "%2 Qflrhr'lﬂﬁfnla‘?ss rfkﬁéﬁqayltf e d&lar y
shapi ngattolnesprwlm; 20M®@ dicasagmofmdrsesﬁﬁuetheﬂﬂemkérechrf iog boNadritipiinked ©2]

For mul at I e wgeur% {/ﬁjbclxear}c z(a)rqal nadl an('j‘](:jlr_’ri!> rclxl)r%E)cr)r?etnlt Qfgr g)%rr]ﬁ/p?en Iv?an;[elc mgma tr Ise a
fusion.
[078] The linker or peptide spacer may be protease-cleavable or non-cleavable. By

way of example, cleavable peptide spacers include, without limitation, a peptide sequence
recognized by proteases (in vitro or in vivo) of varying type, such as Tev, thrombin, factor
Xa, plasmin (blood proteases), metalloproteases, cathepsins (e.g., GFLG, SEQ ID NO: 47,
etc.), and proteases found in other corporeal compartments. In some embodiments
employing cleavable linkers, the fusion protein may be inactive, less active, or less potent as
a fusion, which is then activated upon cleavage of the spacer in vivo. Alternatively, where
the therapeutic agent is sufficiently active as a fusion, a non-cleavable spacer may be
employed. The non-cleavable spacer may be of any suitable type, including, for example,
non-cleavable spacer moieties having the formula [(Gly)n-Serlm, where n is from 1 to 4,
inclusive, and m is from 1 to 4, inclusive. Alternatively, a short ELP sequence different than
the backbone ELP could be employed instead of a linker or spacer, while accomplishing the

necessary effect.

[079] In still other embodiments, the therapeutic agent is a recombinant fusion having a
therapeutic component flanked on each terminus by an ELP component. At least one of said
ELP components may be attached via a cleavable spacer, such that the therapeutic
component is inactive, but activated in vivo by proteolytic removal of a single ELP
component. The resulting single ELP fusion being active, and having an enhanced half-life

(or other property described herein) in vivo.
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steril e aqueous preparation of the therapeutic agent, which preferably is
isotonic with the blood of the recipient (e.g., physiological saline

sol uti on)woSocihn26i mul ati ons may i ncl ude suspendi ng agerC3/tseaoniscokeni ng
agents or other mcroparticul ate systens which are WO

2011/ 020091PCT/ US2010/ 045605 designed to target the therapeutic agent to
the circulation or one or nore organs The formul ations may be present ed in
unit-dose or multij-dose form %ﬁ n addition t a rerrentlon

i ngr edi @80k, t i oH6F RINPRLIMSRE 6’?99 Sgn} 'H\’/%H'Pf‘d’r'i"\ﬂ‘gﬁﬁ‘? ??ngOPJHS‘?tGﬁ & 8ne or
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range ofnkmgouP dr 4H 6884 3Mv(PE tHeOE@b@Hﬁwpérﬁ@wtr@rtéctl@bﬁfﬁo&d&é shéft okidriggr am
body vve ht of the recipient, or in a range of about 10 to about 50

per ki | bEPRmAiRidy thigighhone & marea fynghies! siroutsogp e tﬁ@""?@“ b BIACMZFIRHS per

kl | ogr agBkéntved. gt amirfee cdfsoixyIe Ghedg ethidYor Ry dPExg S GFIURE, RSfPMea deSaleM t WO
nore sub- doses admi ni stered at appropriate infervals throughout t he

dosi ng Eisate- (Yaripus comeniieral Tk CbBR Ssech e -, jsoCyizies. dimRTIRRALAER be

admi ni Séaﬁts&ﬁtmlcrbsumrt HOSBYRUEORARde)l B5teRX aMBlefnid6-0MydoRyNGcihinade adeedrs, 10 pg
to about or from about 50 pg to about 200 ng, or from about 50 pg

to abo&’“tqu?gd%ﬁ”‘é&q ke ngredient per unit dosage form Alternatively,
if the condition of the recrglr ent so requires, the doses ma

adni ni s081kd adloa-REBHYS RRRSTIS2i SPRAETFSHN @ F@*sra"rmee oY %wta%taﬁr% &4ein%n and

dotsage fttaﬁrésaamfwéfl bof fLﬁt@f{Mrfaﬁ rf;m%%ctdetsa&)eglhar apiess t?gmnrqheé herpgpti de

active therapeutic agen a esirabl e I caci oy Iven

t r eat meReMEISPT-cRINNIBIEd Py ACBIEMS es%r'ﬁf’tﬂggﬁn? 4108¢ spey {j’eg‘ec WSFe at

| east twihiGRy Reafents Zedithidd MREdbdIRE a s BIgErdne PRI Ge I@@;&hhmo@anmtremrord

admnrstratgon rrethodquegot formul ati ons w || glso all ow f |f|cantly
t

mor e t HEPESEUR? disglpenies: @ Wucals RIPRY INcelROrAteh Ry rf’fﬁéer&Ge'r’i‘tth resHRale a
sust ai nairétRke aBStraN8rchlehiiBl spacers include homobifunctional linkers that can attach to

amine groups of Lys, as well as heterobifunctional linkers that can attach to Cys at one

terminus, and to Lys at the other terminus.

[082] In certain embodiments, relatively small ELP components (e.g., ELP components
of less than about 30 kDa, 25 kDa, 20 kDa, 15 kDa, or 10 kDa), that do not transition at room
temperature (or human body temperature, e.g., Tt >37°C), are chemically coupled or
crosslinked. For example, two relatively small ELP components, having the same or
different properties, may be chemically coupled. Such coupling, in some embodiments, may
take place in vivo, by the addition of a single cysteine residue at or around the C-terminus of
the ELP. Such ELP components may each be fused to one or more therapeutic

components, so as to increase activity or avidity at the target.

Polyvnucleotides, Vectors, Host Cells, and Methods for Production

[083] In another aspect, the invention provides polynucleotides comprising a nucleotide
sequence encoding the modified VIP of the invention. Such polynucleotides may further
comprise, in addition to sequences encoding VIP or VIP analog and fusion sequences, one
or more expression control elements. For example, the polynucleotide may comprise one or
more promoters or transcriptional enhancers, ribosomal binding sites, transcription

termination signals, and polyadenylation signals, as expression control elements. The
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[96] VIP that circulates in the plasma of normal individuals originates
fromVIP- containing nerve fibers in the gastrointestinal tract and al so
refl ects wopvildeomverfl ow from vascul ar nerves (Cugi ni @CTAlS201009885 Reg
Pept 34: 141-8). Like nost vasoactive proteins, VIP has a relatively short
hal f-1ife. The half-life of VIP in blood is less than 2 m nutes (Donmschke
et al., 1978, Gut 19: 1049-53; Burhol et al., 1978, Scand J Gastroent 13:

807- 813 One_advantage of the nodified VIPs described herein i t ended
hal f - | iROY/NgFleplidesmay drciasqried; Withip Gy sujtaple VediPr aMteh (Y e %{i‘?ﬁs within

enbodi mpRissitale hb& deMiR kbeBsioh eiceE A8yl be adm nistered from1 to about
10 tlmes per week, such as from1 to about 5, or 1 to about 3 times per

week. modl t;leﬁélraw R wictd? B@mﬁﬂﬁﬁgltHeCp’ﬁlyr@@I%ﬁtﬁd &dnOse iBREUdeS iimg atdag forWO
2011/0 1PCT/ USZOlO/ 045605 sane rmb/qu adm ni stered ahout once daily, or

about eﬁ?‘é?e;?S'Sf‘h% togthergpeuiso goerly YEF" £8P, rYPaIgheRIEOBHC 8" PSTEBR.
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such as by subcut aneous or intranmuscul ar rj ect e adm ni stration my
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VI P, WheR rrdivhdmias, %}@Ee@%@ﬂ%@r phdgemide Yirisesadiany ah@fteﬁbmnpemhed@y, or
once or tw ce per wee

fromonce to five tines é)e(é nont h P rg
enbodi éHesare H%edn@a.rwéatm P EYPrBRSIo I RIER¥PIORRUkaNGEE Gafie {tudl bR
pept i dexpptdrpdtedBy §héb§sld|llﬂnftrﬁeear$trfa@u|\/@dd Wtiet 2 ddapohéme dndvat @ithe att@syshovi de
sustained activity with relati velg i nfrecht;ent adm ni Strcﬁklﬂjg The rm ified

VI P mayAStREPERRTOR] SOPEPleleraents) MAvGS Mepiied sy Gt dey Mideoyatiety

provi derssiptiba eI, 8LERSE PEmbidesd Bl peRt is8gudnats tidieedliiats Uh@binamgoofer
time. See US 200 /0009602 whi ch i s hereby incorporat g&(ﬁﬁ?xar efere

et hodsRf POSENerpesy pntonth BtRTOEE n VS PrOpoer KPRt P e & “?f:ef"%%d'é‘ of

treati Rghicr R l/étft@{ widbe @Rpr@ééédeﬂéd Bg @e@qadhltlé@%Xp%saloﬁ%ﬂmb th&dpbutic
condi tions |nc ude a vari et cardi ovascul ar, i mrunol ogi cal (e.g.,

aut oi mA#saY , SyirglerREaTsi eé@i“@ilbeér@ﬂ%l § YOSy Veexanyl e, the modi fi ed VIP may

b dt dj ust the bal b fl t
ant < 1 0P8t Bt G SRR E S o arPRRES IRCE HAPRGRY 2T Ente ol 1¥PTng

from amatgrial expiessich Sease a1 cb/ﬂ@érwmyt\mn ysoc@ﬁdjvtelmmrmlﬁmemptrwmna aghirgat i ons
for the nodified V|P|nlude gge; ens%q mé ar di al h g?';}é
failur @Xpéeéﬁﬁpoﬁygbé?ﬂy egrapi cHPEAE FBEHE TR OﬁLﬁpﬁﬁ' apy Yase
( COPD) , ex@Fdsioht $}&temdqfﬂa§!nﬂi’@teﬁfp}byboviﬂ|aodbl$ieﬁé‘£MthBD&: infeatién niscindiag dieasase,
brain trauma, and ast hng, agm)ng ot hers. Ee004 (s n%entl aon tt hus provi des a
met hod Ef’iHFeSFPééé’?‘ﬁﬁ‘sam\?HV“ ?9 t SRR BRE™S ABY G ‘b""&ﬁﬁ}ﬁ t8ns
char act 3 a |nfla ti.on LE] hod conpri ses
adni ni s[ﬁé{i ﬁ E“F %Wntv"*ﬁ‘ﬁn PN £ %Vﬁ(ﬁp P HRESCHVEN i%n to a
pat i entrebdﬂ/elﬁﬁﬁdy inverse temperature cycling. Specifically, as previously described, the ELP
component undergoes a reversible inverse phase transition. That is, the ELP components
are structurally disordered and highly soluble in water below a transition temperature (Tt),
but exhibit a sharp (2-3°C range) disorder-to-order phase transition when the temperature is
raised above the Tt, leading to desolvation and aggregation of the ELP components. For
example, the ELP forms insoluble polymers, when reaching sufficient size, which can be
readily removed and isolated from solution by centrifugation. Such phase transition is
reversible, and isolated insoluble ELPs can be completely resolubilized in buffer solution
when the temperature is returned below the Tt of the ELPs. Thus, the therapeutic agents of
the invention can, in some embodiments, be separated from other contaminating proteins to
high purity using inverse transition cycling procedures, e.g., utilizing the temperature-
dependent solubility of the therapeutic agent, or salt addition to the medium. Successive
inverse phase transition cycles can be used to obtain a high degree of purity. In addition to

temperature and ionic strength, other environmental variables useful for modulating the
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Hypertensi on [0101] I n various enbodi nents descri bed herein, the present

i nvention provides nethods of treating or preventing hypertension in a
pati ent iworerd2o@onpri sing adm nistering an effective aooastoiof4iche
nodified VIP. Fornms of hypertension treatable with the nodified VIPs of the
present invention include pul nonary hypertensi on, uncontrol |l ed essenti al
hypertensi on, and resistant hypertension. W) 2011/020091PCT/ US2010/ 045605
[0102]Pulm)nr h rre |on|sarela|ve ar ut _hi fatal disease
Char ac(BYISB HeRy T gbe e et pht P bt i Sy erdhdietc 2 erbleonsed
t hi ckendongeohns saivdreg, sméLdmnalbb(z@tfdn&rrloﬁém&;@dmadmedtloﬁl &8 presdund.nating in
right ventricular (RV) failure (Said at al., 2007, Crculation 115:

1260- 8)PhavinBchdralb®apdsititke dintl Mgitd d3osi Adynirdstebtiopst em ¢ circul ati on. Wth
respect to the pul nonary vascular bed and its alterations in pul nonary
hypert €o87jon, Vhe rrré’slem( eﬁfepmdrnmﬂaéwpmasieulpaerrsmtidfal masnpbstldrrsommtwrgal

endot het st ot < ieuBarbed ¥ E oS Ty st e SRR paieeafy” wih o

vasocor;stalrmetetmﬂallyamtcentbbtbl tcrtidre putt@htf@rateb(apueof puSMﬂapr)ermasauulcalr

snooth nuscle fromp nts. with_ pul nona ensi on., Furthernore
o e COEHRSTIODT creoR TR o< HiBYi Sar R R Pend g P eIon HIA TGP
syst eminflarpabiobndisyaseass vesribsdraeteth. muscl e rel axati on. Moreover,

VI P-contai ning nerves, normally plentiful in the pul nonary artery, have

b b t f t
D B e AR o PR R SR AP R 8 i i
t her apewdrioas é:frfneottclm‘mg bb@rmamaunce\hy scdpeittoestetsalsalts, 2\@63>thei.ph6]:tlolnglbaltbest

111: 1 134 naI d| es have sh that V| P nt_th I apy
in VlP- )‘mCtFﬁné@?rQ’ h¥@° f np?%c e‘ﬂtarmace ?\A%tfoméla%ttongt %‘\%lﬂh%%? %@C Togressi on
of key qmtlbmluegd csalelych)anmmrn |rp1uld1r|g1mrmula}qmewttle)nsthentt(e%dedtletmgaédaentﬁom,
Circul ati Rn f f#zeoatg%a L téd &BI |Scat|eosn gf VIP to patients with

pul m)nasr“ﬂ(f 8 FraRES 9°be EXpEct g™ FeSult in substantial i npr ovemnent
of hermdynam c and prognostic paraneters of the disease (Petkov etal.

2003, J08g) in [Mheesarriers)1musBde- pBA6lcelialB]ddnemtableoinl de esswentof atjeing
hyperte . |.S j: I j ' when
e caucenraoleut, AR loBpEREHRerk B uleSiofARaal 2 b DhaliPheb bABLERE R, 01
is the neolptenpt’nemfent hypertensi on type, affecting 90-95% of hypertensive
patients (Carretero etal., 2000, G rculation 101: 329-35) and experts

bel i ev is I f VIP
are dedPlleq RUaguBons SEIRl IRk R ol AS kS sulie R e e
1993, Jwell Reaon-prredaral agBrdetiatiand Exemplaryhedrainistyaienavmonalfiesringlude yral,
stabili | i n r i u

pont areial y PRy aer TSrel e ey o e Cas i e BhFES e puers.,
2271- 5)ForruletiapRegiabtednt rargpleral edminigiration arermetﬂrr@fi hi gh bl ood pressure that
does not respond to treatnent (i.e. blood pressure remains high even when a
conbi ngighep of Tﬂéqgr%dléloﬂg%mpﬁéiﬁ%% thefdBRuGEHEER Aith®BRIsch! RGEhtBR GRS €
control are numerous he nost causes are volune overload either due
to exceesverantnkg preakued indn c&saa%@ﬂmé apd MayRe BRBared &y eomef thermeethedd
secondagy W:hﬁﬂébﬁ%f bEARS. EVn Mdsw&a@b iftiJdedRe éRp o?%%h&ﬂé; thehs a
potent system c vasodilator, VIP has utili he treatnent and

pr eventﬁ“@rr@péﬂt'%%féﬁ% é\%?éﬁpcﬁﬁ'ofba\tﬂiﬁeﬁt%ff'ﬁf WHG&QQQSWW@S PAF| PP KE a5FCTSEEN st ant

hyper t eRgjeBRnts. Typically, the formulations are prepared by uniformly and intimately bringing the

therapeutic agent into association with a liquid carrier, a finely divided solid carrier, or both,

and then, if necessary, shaping the product into dosage forms of the desired formulation.

[092] Formulations suitable for parenteral administration conveniently comprise a
sterile aqueous preparation of the therapeutic agent, which preferably is isotonic with the
blood of the recipient (e.g., physiological saline solution). Such formulations may include

suspending agents and thickening agents or other microparticulate systems which are
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WO 2011/ 020091PCT/ US2010/ 045605 Heart Di sease [0105] I n additi onal

enbodi nents, the present invention provides nethods of treating or

prevent i /yoherri2o@isease in a patient in need, conprisi krgTASRINI0$I6EF i Ng an
effective anount of the nodified VIP. Forns of heart disease treatable with
the nodified VIPs of the present invention include nmyocardial fibrosis,
heart failure, and cardi onyopat hy. [0106] Changes in the synthesis and
secretion of ap role in the pathogenesis of
sover aldegioBed dbdaros i e ameuis BBERY to Bebsif it & Grator oD SHET o SPakova
MC,  20Q6rmUstieths NewsbeRsresqted in ubt-dod8 br Bhl)ti-ddserfoinist ance, the concentrati on
of VIP is decreased si gnifi cantly in both tissue frompatients with

cardio at hy ac tissue romanl of art failure

(Cnver RigHh o rEparato GEhe A6 e ited et 1o FTBYITe: phveon

degr adahay furthler \ﬂdRJdeSome’lOF medadcessfmtrt@edmtt(s) fselcrgl Sorandiuenins baftest | y
VI P c nt ratl Ccreases ecrea ear

myocar dj a d VIP a e
Al SR e B R e S
Act a PhysiudingSeaodddnts), aaasayeamt and decreased VIP concentrations are
associated wth a progressive worseni ng of heart failure. The use of the

vasope ase i bi tor patril i no crease

met abom’%ﬂcl eawgflu f’f S‘gﬁ I'Q/It egfn Sge”“lf‘e #’ S&S@S %°s 'Qs?%(fﬁql @51 ood
pr essur(mchaginged hmaSOsmfoa ddﬁmrmseslrataamycmwltﬂabm ddsehﬁmhn thevdpentic aggdrfed t o
control_(Ye et al Phar.macol 235- 42 o cti v effect
of VIP gevgmggt ?f tB?)rrapgldﬂc %erleé‘ﬂﬁ‘%fﬁ éo ?f(&"fpeep?ﬁf'ﬂsae@n ESP‘%‘[‘ ﬁn% |n et
al ., 19p¢) tohblBhtaﬂ(DﬂmﬂlngrEmp (Mg per26i8gra@bBedyBleigittied orcipierdpplin eartangmofof t he
nDdIer V esent i.nvent LoR, can be ex ected to h n fICI al
ot ect ARt Gy i ey BOTET ey KGHEN bEDGRB R P PREES H f T e aPE o

car di ompopgapbykilogran bydcaeidhal THe desired soselypg b2 p&wbmd% dviel doisé s tfddd07] | n
addi tional enb

di men t he esent .i.nv nt| e f reating
o pr eVBIE T depanpr B EPERbra R nBhErbd e e R, b e
ef fectione \mmumt/o wbeksh@tcrmtil Thext éﬂijosSp@an foe(min’myustetddemnmdldoeegb fdriRs, of
the pr sent vent on h t|| ot r eat re i f type
"G AbdD Sy o T B bl dde IeisCRofd ST RS ABOY R BB Rberad | 1Y
gast ri an@sor fromanbowustl@iguim ebout 100 mg of active ingredient per unit dosage form.
Alternatively, if the condition of the recipient so requires, the doses may be administered as

a continuous infusion.

[095] The mode of administration and dosage forms will of course affect the therapeutic
amount of the peptide active therapeutic agent that is desirable and efficacious for a given
treatment application. For example, orally administered dosages can be at least twice, e.g.,
2-10 times, the dosage levels used in parenteral administration methods. Depot
formulations will also allow for significantly more therapeutic agent to be delivered, such that

the agent will have a sustained release over time.

[096] VIP that circulates in the plasma of normal individuals originates from VIP-
containing nerve fibers in the gastrointestinal tract and also reflects peptide overflow from
vascular nerves (Cugini et al., 1991, Reg Pept 34: 141-8). Like most vasoactive proteins,
VIP has a relatively short half-life. The half-life of VIP in blood is less than 2 minutes
(Domschke et al., 1978, Gut 19: 1049-53; Burhol et al., 1978, Scand J Gastroent 13: 807-
813). One advantage of the modified VIPs described herein is extended half-life or
persistence in the body. In accordance with certain embodiments of the invention, the VIP
may be administered from 1 to about 10 times per week, such as from 1 to about 5, or 1 to

about 3 times per week. The modified VIP or pharmaceutical composition comprising the
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di abetic rats is significantly |lower than that of normal rats (Gozes et

al ., 2004, Best Pract Res Cdin Endocrinol Metab 18: 623-640). Low tissue

| evel s ofwwl2Pi/a20d9me gast r oduodenal tract may contri but @Cirrusp@oin4icos t he
abnormal gut notility observed in diabetic patients (Adeghate et al., 2001,
Arch Phys Bloc 109: 246-51). VIP stinulates insulin secretion from

i nsulinoma WD 2011/ 020091PCT/ US2010/ 045605 cel | s, nouse pancreatic islets

and perfused r ancreas, Activatiopn of VPACL ha been inplicated. in
el evat |§?§”egméc¥§§eapdgﬂrt“ﬁ'i§fe% ign‘é% d%lB” O AR eﬁeégt :9%’?’ ' ‘?—52%06? FYPRENHSCr i nol
Met ab 1dy, 623RdBhce avieeieas the VI P receptor VPAC2 is expressed in

pancreati c islet 3-cells and its activation causes an el evation of cyclic
AMP an e stimul tlon 9, Nature
o ond 0BT 301 I erE PnE e ae L IP T et e A ftestaly, i 4oV
humans, subestahédurgor Mtrghiueossr rn@caase Theoaaminstratiore may Tk @nuriiodetehef thet hese

studies r I.LP has extensive direct effects on glucose netabolism
Accordi'ﬁgﬂ?i)/ ‘fv'glﬁsa% HB%‘{] RS'€8 forms of VIP, such as the fusion peptides

di scl osed herein, may be expected to be useful therapy for the treatnent
and preoestion Tab niqd[tfedZ/IEj mminwmpaeomm!m mE’y bé ad@inistere0 06§ per sone
enbodi nents, such where the her er f or
VPACS Ve Clro e o iR MR OF Hrort ol AR UTE Foby TPt Hhese

i nfl ammhmqrmemspﬁmseﬁ)dmsuc\hlPamagleweayddmtmpmdhg/sper sauseé tfusion ypepdpothses, in
a patient

dified VIP
ebel opissietop R BT Len: 98 Sredme e (RO b stinear AL YEERED Petett ray
have Ohﬁfr@d[udﬂib aeémodstdition. oMbe d&fdnfreed\/lﬁyna'y-lﬂze B;dmmlstarbbeasmadnugruappt 'Elsl]also

aut oi uch as arthriti includin tar ease
(e.g. m%ﬁ %é%ﬁﬁeg‘eZ%B oV y%é“sia'%e%ﬁ%l pee gfnlle %O pqeg '% nér ohse dreifatBh ok

t ranspl tané.asé@nlsmoemo%nz ghafrie herebg yedrponeed parefereate.t i s, uveoretinitis,
keratitis, and septic shock. VPACL Receptor Preference [0110] In some

enbodi g@ @gﬂsgygh as where the nodified VIP has a higher preference for

VPAC1 to unnodi fied VIP, the nodified VIP may pronpte THL

i nfl ammatory responses, such as del ayed type hypersensitivity responses, in
a pati €f#98] | nin lodwe aspboidi eningentidnepioaideernmetheys hbireatinge anrelintatieg, or

T e e S e A L T
di seaseinwhurtofagical (evxaygutmmgm)afaﬂ@@tasrowmahﬁ%da@ns For example, the modified
VIP may be used to adjust the balance between pro-inflammatory and anti-inflammatory
effectors in a patient, including a patient suffering from an autoimmune disease or
inflammatory condition. Exemplary indications for the modified VIP include hypertension,
myocardial fibrosis, heart failure, cardiomyopathy, diabetes, chronic obstructive pulmonary

disease (COPD), arthritis, inflammatory bowel disease (IBD), Parkinson's disease, brain

trauma, and asthma, among others.

[0100] The invention thus provides a method for treating a variety of conditions,
including conditions characterized by autoimmunity or inflammation. The method comprises

administering an effective amount of the modified VIP of the invention to a patient in need.

Hypertension

[0101] In various embodiments described herein, the present invention provides
methods of treating or preventing hypertension in a patient in need, comprising administering
an effective amount of the modified VIP. Forms of hypertension treatable with the modified
VIPs of the present invention include pulmonary hypertension, uncontrolled essential

hypertension, and resistant hypertension.
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8% of individuals in industrialized nations. There is an increase in the
nunber of wonman and nen suffering from COPD. Pul nonary hypertension is a
comon sywptzomwvmbosehr oni ¢ ai rfl ow obstructi on, but the pceaiSs@omeshiaini snes
of increased vascul ar resistance are unclear. Potential causes of pul nonary
hypertensi on in COPD i nclude enphysemat ous destruction of the capillary
bed, renodeling of pulnmonary vessels and hypoxic pul monary

vasoconstriction. WD 2011/ 020091P / US2010/,04 21 VI P f th
ot oRGHn:  PHmoBEESPPBRARET § | R veE GP AR Ty Bl Tt graqzed '

anti - i iyl arogaéseivg prhdhapNcredbl aa&@ér}enﬁroapahanaa,easéd hﬁ:&kebﬁﬁg‘l ¢r opalked as a
novel treat nment for COPD and ast hna. {;’ fe a(TS 0

domi namUIMesm, agpies aach 3 ¢eS %‘@‘nﬁ%@s%ﬁ Vegir'e Tm agWF aﬁ’??a?/mat ory
si gnal izng7 ( Brédianetisak260- Q)OI\QP Hae ke @isketilio ;ﬁﬂ}‘aorﬁ’éry ahA¢ epsteinieglingulatioreat ment

with VIP and nodifjed f f tid di scl d
er i 1 Witk {FaBB R e P BTN ST R PR 4S8 [ErleEHaR Tt PHART BIIBERERMS At he

| ung OfVlﬁqBBxé*@gulﬁﬁina@vé%@mbE@ﬁﬁoth[ PLd Toe pevesdnharhmarit bsutidssinf wivd,her
illustrated by the foll ow ng exanples thaE shoul d not be canstrue

i miti Agutralizes cynelsnuatess thgi pctioas é’rf efidathelin andnpther é(ﬂ%ocﬁﬂﬁtf'?tgﬁedeg%(ieént

appl i cafypons puirh@hry Hassinetictiér)i shdapploite ahé Qj’rlollf@%tlcwebf pasndrm/ I\‘vtagcwlaes are

i ncor porated herein by reference in their entjret
EXAMPL BS'90%a gy eeier fm@l‘ Rftirgtsomitly qﬁﬁﬂa%ﬁlﬁfi’%@?@x[ O%rfﬂtﬁ?"ﬁ‘%‘ﬁ seﬁu@nce

for theoWhRsmiast idlehwash\amldfst rmdnadrdndrghl, MsHedblirerg@it Gktem of pulmonary
vascular smooth muscle relaxation. Moreover, VIP-containing nerves, normally plentiful in
the pulmonary artery, have been reported to be absent in pulmonary arteries from patients
with pulmonary hypertension, and inhalation of the peptide had a beneficial therapeutic
effect on those patients (Petkov et al., 2003, J. Clin Invest. 111: 1339-1346). Finally, studies
have shown that VIP replacement therapy in VIP" mice is capable of preventing or at least
slowing the progression of key pathological changes in pulmonary hypertension (Said et al.,
2007, Circulation 115: 1260-8). Thus, application of VIP to patients with pulmonary
hypertension can be expected to result in substantial improvement of hemodynamic and

prognostic parameters of the disease (Petkov et al., 2003, J. Clin Invest. 111: 1339-1346).

[0103] Uncontrolled essential hypertension is blood pressure that is consistently higher
than normal when no cause for the high blood pressure can be found. Essential
hypertension is the most prevalent hypertension type, affecting 90-95% of hypertensive
patients (Carretero et al., 2000, Circulation 101: 329-35) and experts believe it is caused by
several undiscovered factors. Concentrations of VIP are decreased in stroke-prone,
essential hypertensive rats (Mori et al., 1993, Jpn Heart J. 34: 785-94) and use of human
VIP with sterically stabilized liposomes can normalize systemic arterial pressure in

spontaneously hypertensive hamsters (Onyuksel et al., 2006, Peptides 27: 2271-5).

[0104] Resistant hypertension is a form of high blood pressure that does not respond to
treatment (i.e. blood pressure remains high even when a combination of drugs is
administered). The causes of poor blood pressure control are numerous. The most likely
causes are volume overload either due to excess sodium intake, intolerance to medications,
noncompliance and secondary hypertension (Graves JW, 2000, Mayo Clin Prac 75: 278-84).
As a potent systemic vasodilator, VIP has utility for the treatment and prevention of

hypertension in patients producing the hallmarks of resistant hypertension.
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(Synthesis, cloning and expression in Escherichia coli of artificial genes
coding for biologically active elongated precursors of the vasoactive

i nt esti navopoiypepti de, Eur. J. Biochem 1988, 178(2): 328TA50010m560% i S
herein incorporated by reference in its entirety for all purposes), except
that residue 17 was the native nethionine and did not have either of the
described C-term nal extensions (See SEQ ID NO 16). [0115]Two initi al
variantg ggé.e made, one with a nethionine at the N-term nus, due to the
requir e rt codon, (PB1046, SEQ ID NO 17) and one with the
tripeptide MAA at the N-term nus (PB1047, SEQ ID 18). The nethi oni ne on
PB1046 [os08]d npr additloyiabemb@limestd, iy predent dnemonaprovidgepethdds ef rédtingburt  as
hi stidi ne ia tge r¥§A%‘ond I esi dtue and ane of .the Ieasrt favo%&ﬁj m ng _aci ds at
this p&FENERY PEar MREATHE HRITbR: TR SORRTS LA LG RSN eﬁf‘l‘ben?%“ n
PB1047 ofd@se metiive ¥ IR.OFbeavef dArt didbach treatableheith the mediiadediPsof the present i n

Vi vo by %\/P\gl V.to gi ve tgeI i st.idine fa@{the N-term nal, residue. The VI P DNA
sequend®SRELN PEHAE YORwTg A} BRPP: hEﬂgglf} (Y SLAHYNYLPHY- carryi ng t he

ELP1-120 DNA sequence to give an expression cassette under the control of
t he T7 [p1aB]Ot eChahd¥blib tfhsyrehyesishaid seapdtiogari WP dothedesartPpésr (0SESY hEolkO,

wel o arihdlt dBTGHES o SGVELCBRCO oo D047 OIBO LEETPUES 0] G805 t he.

rest ri ¢DvorkevrizlyGe200mIDran Nelvs Patedcl. nB0387he1 )plFas mstinp@Bad 8dnashtrationhafd been

e S s e S bl SR8 T8, BB S S| S PBES IR e P2 &
NO. 35)cardrdtigbue S laBrrNDnoﬂB_%,ofFP@@ﬁ'n’ai_(uﬁEQJm@rfbﬁh eﬁ_éb, ’5986 PORGEC[rsE@dl D NO.
) e S AR BB b B ER! SLEOAA e =
restri aohseyuenty myscaXtial ViRpeuncetragjioneleercpees sTiurs, pearsased WPBLD4Ers(ts e
Ziogglr Et 2 'F@&iﬁ%&%ﬁéﬁ'{ Fr‘\qgcla tp'a %ger‘%‘ens% gfs ﬂ%g |sré%sé l(\‘F"et el; Qle %Og,e,f\% %f/sig’fi&eﬁ%t an
179: 353-60) and decreased VIP concentrations are associated with a progressive
worsening of heart failure. The use of the vasopeptidase inhibitor omapatrilat, which is
known to decrease the metabolic clearance rate of VIP, resulted in a decrease in systolic
blood pressure as well as in a decrease in myocardial fibrosis when compared to control (Ye
et al., 2004, Eur J Pharmacol 485: 235-42). A protective effect of VIP was also reported in
ischemic and repurfused myocardium (Kalfin et al., 1994, J Pharmacol Exp Ther 268: 952-
8). Therefore, application of the modified VIPs of the present invention can be expected to
have a beneficial effect in a variety of pathological conditions, including heart failure,

cardiomyopathy, and myocardial fibrosis.

Type 2 Diabetes Mellitus

[0107] In additional embodiments, the present invention provides methods of treating or
preventing diabetes in a patient in need, comprising administering an effective amount of the
modified VIP. Specifically, the modified VIPs of the present invention have utility for the

treatment and prevention of type 2 diabetes mellitus.

[0108] Studies have shown that the VIP content of the gastric astrum and duodenum of
diabetic rats is significantly lower than that of normal rats (Gozes et al., 2004, Best Pract Res
Clin Endocrinol Metab 18: 623-640). Low tissue levels of VIP in the gastroduodenal tract
may contribute in part to the abnormal gut motility observed in diabetic patients (Adeghate ef

al., 2001, Arch Phys Bioc 109: 246-51). VIP stimulates insulin secretion from insulinoma
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for activity, a Ctermnal fusion was al so nade, pPB1048 (see Figure 6).
The synthetic oligonucleotides P0068 (SEQ ID NO 37) and P0069 (SEQ I D NO
38) wer e wonenledtoget her and ligated into the plasm dppPREI&Y/wdsDEN had
been digested with the restriction enzynes Bgll/Nhel to give the expression
pl asm d pPB1048. Exanple 2 Expression of VIP-ELP Constructs [0119] The
E.coli production strain BLR (Novogen) was transforned with the plasm ds

pB1046, pPB1047 and pPB1048 an ro in rich medi um.in flasks at 37C
over ni g‘???'.s’ ﬁqr%eS%eﬁfvcrg@q gless wyf eg%%@srﬁéna%fde% @'Vﬁﬂp%.ogbfg’@i‘ﬂefﬁs PSRed

t hr oughiniplieated af buéb@lingegxudd&b%%dwcdk@éét, alcenba | BagttattaRELOMY Entidinol

I nsol ubl e mat erj_al ag the pro sal ub

t purifj fromthe resultin e

| yaat oMb i neBieBhimereas ke Vi eerie VBAGRLS GHPSESIER PASTSHIE e
tSﬁrrp:c _eswln@rae]d_t i};@éﬂﬁgtivtahé@:égbse%_l_ﬁhl feldvatiort WP cyf}i'éﬂ&igPgéndsﬂgngigﬁc%&mnggpgéulg%ve |

e final purifi sanpl es. e were analyzed_ by - _ an
PB1047 SRSFioPdisaoL# 5? de 4900 z\éﬂﬁg Revigwses oift s’ 17) FU'E%T}H% t SIQURES as a
resul t @ficdyontseelelish s hivBaks!|rbsliRRy WRJIR08E Q¥BaOROM the!livdrhiTakbh MByettagf or e
lysis, were heated to 60C of 15 m nutes. Ana”y3|s by 10@6Tr|s-Aci%,te
NUPAGE §&se isidfies d8vediathat nEPphat eBits'e 1HHACHEERCH nf p9lvease (888 lre 7).
[ 0120] TA&oRIiRGIROVIPSrid Ma8ifiedBsiins! dfkaPYy sudh 4d1the fubien peplidededisdisbeariahahl y
close to the junction of Pe ti de and ELP as no breakdown was aeen on the
C- t er mi 'RAY PE GEPSiPPBRs4seTU EraRy Bt b thpairaent S0F Arayeninned/ et diBhethgat
denaturing of protease(s) before lysis of the cells, which would tend to
I mpl | cayrA@2 PeEEfmbaBEf&Gefdeot ease(s) rather than a cytosolic protease, or a
cytosolic protease that was activated or behaves differently upon |ysis.
Exampl € 3000 $0111020094PCT 52010/ 045005 ACLUNLE VirPha R dp oYL B P

for VPAC2 as compared to unmodified VIP, the modified VIP may reduce inflammatory
responses, such as delayed-type hypersensitivity responses, in a patient. In some such
embodiments, the modified VIP reduces the development of autoreactive T-cells. In these
embodiments, the patient may have one or more conditions defined by TH1-type
inflammation or TH1 autoimmunity, such as arthritis (including RA), Inflammatory Bowel
Disease (e.g., Crohn’s Disease), type 1 diabetes, multiple sclerosis, transplantation

rejection, Sjogren’s syndrome, pancreatitis, uveoretinitis, keratitis, and septic shock.

VPAC1 Receptor Preference

[0110] In some embodiments, such as where the modified VIP has a higher preference
for VPAC1 as compared to unmodified VIP, the modified VIP may promote THH1
inflammatory responses, such as delayed-type hypersensitivity responses, in a patients. In
these embodiments, the patient may have one or more conditions associated with TH2

immunity, such as asthma or chronic obstructive pulmonary disease (COPD).

[0111] COPD is a chronic inflammatory disease of the airways, which affects as many as
8% of individuals in industrialized nations. There is an increase in the number of woman and
men suffering from COPD. Pulmonary hypertension is a common symptom of chronic
airflow obstruction, but the precise mechanisms of increased vascular resistance are
unclear. Potential causes of pulmonary hypertension in COPD include emphysematous
destruction of the capillary bed, remodeling of pulmonary vessels and hypoxic pulmonary

vasoconstriction.
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[0121] To neasure the in vitro biological activity and potency of VIP or

VI P- ELP fusion proteins, a cell-based bioassay was used. The assay neasures
t he i ncr eseaoiwn2omvir acel | ul ar cyclic adenosi ne nonophos poatus2¢i0AMe)s
concentration in response to treatnent with VIP or VIP-ELF fusion proteins
in Chinese Hanster Ovary (CHO cells that have been engi neered to express
ei ther the human Vasoactive Intestinal Peptide Receptor 2 (VPAC2) or t he
human Vasoactive |ntestinal Peptide Receptor VPAC th, Vi P

Vi P- ELHO# )i on V7 Stnien themost fhHndapiemple tﬂﬁ%t‘t“&?&' @‘ JAW ?CHY {'RES ‘t?e*lol s,

I Rdl catjtsnenti- hiﬂiémhﬁ@oril lh@rIdOBrchﬁécﬁlat'lﬁy rppbsdrtied, he habi ddehypﬁoﬁ?fuchds amnchoaelt i vat e
t he receptor i nce the anpunt umul ation in, ce

r ecept dreatBantdPe ARy artag ma rf‘gfhawh@E?ﬁw rgAUIRonis dogyingn d?%*b%’t‘\canm to
thedatrméﬁatd t\/PfAOZ”él@Eheé&tﬁéﬂyd?r prnfjnuma{ant:rmé@m&ypm@mn% (th@n @&;ﬂy 2040, ble
use o_deterni ne bioactivi and rel ativ this exanpl e,
t he actfPRRtEps 31: GASH)ErEceTdEioln rpriBiest wh Mﬁgl '2523 ﬁﬁ%k{ f’]{&g: SP%%?%g‘

Const r ugsiol? Bé@é’t@e§06%ab€§j \He'?ew trﬁa)a H@texaéctédﬂetoN-hb@f rieBéas@NtheC @h®hfcuct
PB1047 contains VIP wit ts NNterm nus. Both constructs have

ELF( 1- 1ipfgmmatiqnigithe @”Eé?f ﬁ'pﬁ’uﬁ)sa”q ?ﬁttﬂ’ﬁép?tﬂﬁ experiment, the activity of
the constructs was tested using CHO cel |l s expressing the VI P receptor

VPAC2. ihisy 3@haiphetedt inventivatis Gmnthepflilluggatco by the ftientngadxampiescthat sheufdusi on
proteins with the ¢ the_cells re |

d
pr oduc P RECRERLGS %ﬂl”ﬂg'f‘ﬂg oM faEI"yrﬁfqrer?%éiéé}gn\%g%#%?‘&?'FQFC?P%I(S?

prior tapdlibgiondditéd ﬂiﬁodghoﬁﬂlﬁls(%fﬁphcé‘atloﬁ,l guvel & sedigured ars peultporatés her’ecwm,
nodi fied VLP fusiagn (%t ei g}gPﬁBlO46 i S somewhat nore active than native VIP
prot ei n?Y Rﬁfﬁr%ceﬁ@i*t?d?erl ety tr &l pUEROS8S- [ 0123] The activity of PB1046 and
PB1047 was al so tested using CHO cells expressing the VIP receptor VPACL.
After 30 m nute incubations of various concentrations of the fusion
proteins with CHO cells, cells were |ysed and the anount of cAMP produced
was neasured using a comercial Ki 7 was DPP-1V treated prior to the
addition to the cells. Figure 9 shows the result. This tinme, nodified VIP
fusion grotql n PB1046 is nmuch | ess active than native VIP protein, while
the rel ct| Vi ty of PB1047 against native VIP is about the sane as it
was in geptor. These results suggest that PB1046

sel ectlént% ﬁiﬁ{ E@Bﬁ&gr eceptor over VPACl receptor. Exanple 4 Bl ood
pressur Ee1é4]f ectThefo\VAFseEu@déu@r dme FiRPeplide Wes 28 180G FEINONSsIB1€) 45605
[0124] T(%‘?/nﬁx(égfsv'cﬁcymrg 4 oML did £ 9n VEEELERiS UsdiCBr PIriichll NgdPRI04d4iNE S0 SO

tested

blolomcally active elongated precursors of the vasoactive intestinal polypeptide, Eur. J.

Biochem. 1988, 178(2):343-350, which is herein incorporated by reference in its entirety for
all purposes), except that residue 17 was the native methionine and did not have either of
the described C-terminal extensions (See SEQ ID NO. 16).

[0115] Two initial variants were made, one with a methionine at the N-terminus, due to
the required ATG start codon, (PB1046, SEQ ID NO. 17) and one with the tripeptide MAA at
the N-terminus (PB1047, SEQ ID 18). The methionine on PB1046 would normally be
removed by methionine aminopeptidase (MA) but as histidine is the second residue and one
of the least favored amino acids at this position for MA, the methionine is not removed. The
methionine on PB1047 was removed to leave AA, which can then be removed in vitro or in
vivo by DPPIV to give the histidine as the N-terminal residue. The VIP DNA sequence was
cloned into vector pPB1031 (see Figure 3) carrying the ELP1-120 DNA sequence to give an

expression cassette under the control of the T7 promoter.

[0116] The synthetic oligonucleotides P0045 (SEQ ID NO. 31), P0048 (SEQ ID NO. 32),
P0064 (SEQ ID NO. 33) and P0065 (SEQ ID NO. 34) were annealed together, digested with
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vivo. Specifically, effects of VIP-ELP fusion protein on bl ood pressure
were tested. Spontaneously hypertensive rats were treated subcutaneous with
PB1047 ( Wormgiikgdyosor buffer control and their bl ood pregsurusgsomerssosreasur ed
at several points after admnistration of the fusion protein. Five aninals
were used for each group and the graphs show the average and the standard
devi ation. PB1047 significantly reduced systolic and diastolic blood

pressure in these ani 12 haqur t

Fi gur e H®YesHan ERAMg R pRLE e BltEe H?%F@@H?’B?@?ﬁwﬁ'c @a'aiae%@‘@‘ el can
be pot afith Ak rysttigiod eazyridaXba g iccqvseipiedsictailagngid YPB1044 esbed-'nghrselas es.
Exanpl e 5 Additional VIP-ELP Fusion Proteins [0125]DPP |V treatnent of

_PBlOfl? [oesy]l t eGhé @yrﬁtﬂélﬂbvcﬂlbo@jclgémﬁbs mw@aaflm NO]T‘GBh@OPM (SEQID 0D, :ﬁsmg

I nacti t t

whore TRRERSEPHPIR TS AtEaasED RIS ) wers o oriad 38o e SeRaToN P

SEQ ID th@re%’noh%ﬁ@%ﬁ@ Xo& arsd ngted ihesinstpidymit @ PBRE3 1 Whichaad H8en dlgested

bpposi By E m%#gg@lgfé?m?%?s Redlerblag re“%%aeré’%ﬁw‘;%ac%wgtpﬁﬁq@%&“ﬁ? Bei%h No

t le 6

e 11 AL pIEpdsRTG FOH BPurEe e ias OB TBLS AR ot T RR S B ﬁga@s%s

EILtF)Eeg Zfbﬂta@twgzcé c{r-ta@rlﬁaiallﬂ&_uc(nSE@ |aBoN@adé|;8;)P3’E{E6 (Ef@llﬁigurglﬁ) tc‘ﬁw yym?ettclhe f
u Y e re e con o]

the 17 eanierdenspes {REaLD 3. 2B} S3TEB0af TERRLIE NE R RLCE, dBelRed

wi t h t heggtRBldigaltesintoithantbsyiio WrBi 03 1 wﬁhh madibeen akigedesiowiittbibe radtduteon

iﬁgpgﬁ:ﬁf{%;@tagéﬁgﬁgégoﬁ@ Ué&&%@é&%%%smldsprﬁ’é'1o%%p“ de, PB1120, were purified

Example 2

Expression of VIP-ELP Constructs

[0119] The E.coli production strain BLR (Novogen) was transformed with the plasmids
pB1046, pPB1047 and pPB1048 and grown in rich medium in shake flasks at 37°C
overnight. The cell pellets were resuspended in TE pH 8.0 buffer, lysed through a
microfluidizer (Microfluidics), centrifuged to remove the insoluble material and the product
purified from the resulting soluble lysate by ‘transitioning’ (ref) with the addition of NaCl to
3M. The samples were taken through a further two rounds of transitioning to give the final
purified samples. These were analyzed by SDS-PAGE and PB1046 and PB1047 were
found to give two bands (see Figure 7). Assuming this was as a result of proteolysis the
cultures were grown again but this time, before lysis, were heated to 60°C of 15 minutes.
Analysis by 10% Tris-Acetate NUPAGE gel indicted that the proteolysis had been inhibited
(see Figure 7).

[0120] The proteolysis was, most likely, within the peptide and probably close to the
junction of peptide and ELP as no breakdown was seen on the C-terminal fusion PB1048.
That proteolysis could be prevented by heat denaturing of protease(s) before lysis of the
cells, which would tend to implicate a periplasmic protease(s) rather than a cytosolic

protease, or a cytosolic protease that was activated or behaves differently upon lysis.

Example 3
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[0128] The activity of the PB1120 fusion peptide was tested in vitro. The
activity was tested using an assay utilizing CHO cells expressing VIP
recept or WoRAGlRoms descri bed above in Exanple 3. As Fi @urasSi®o0/045605
denonstrates, PB1120 was approximately 1.4 fold |less active than the native
VI P peptide on the VPACL receptor. By conparison, the construct PB1046

whi ch contains an N-term nal nethionine residue was approximately 11-fold

| ess 2011/.020091P 040456Q5. acti.ve than the native VIP peptide.
over tH&CRAN %‘%%ﬁﬂé#ﬁéﬁ&?ﬁ%’? Pngﬁi"s'," 1120 was anywhere from1.4- to
6-fold active than, the native VIP peptide on the VRAC ar .
Po150] A0 ToiTedriry thedd fkebitReitel 2 vt HisEedobe B VP IBRS Blokot o
Li ke t hgote@syuhicell-basn HiosssbhevadRAED. Tae aptay me&Bld2heshowasel in gittdoglidlass
activity (-1.5 fold |es han native VIP peptide, for VPAC2 ver,
0 cont sl Heoss MarbRidsPnaRl APy Ao e e SE L BRERt I TR Voaco
as conpéPeELR fusidnepra@inisve Ohirjaise damdsre®varh ¢CEHOY sl thht maet baghesngieerdadnent s,
PB1120 was anywhere frgm11.5: to 7-fqold le acti t han .t ive, VIP
bopt | dOoReTTRe OREsnt diltnVasackin, PastBh SoRtic HesehPE 2T dF thé
Modi f i esimdrPvEddactius inestiRaloPeptide FRICER G [10AFHC 1). aitsth tVIB rantiovIPHE b fsliopgi cal
pot ency assays described abpve,  t phar macoki net.i ¢. profile._of the VIP-ELF
P ust on BPBIE, SR LA Rt oLsANP o HemR Gt SR B s ilonrgtetis
subcut arenuthe(dblty iohied bhd astivatkothedeadptd. r)fdegthe GimddBLa2EANP dcplradationdr ug
concentrations were neasyred daily.over the course qf one week. Three
o sh e et oS rd e ook abd 2eEREE % AR erdfeklional I %
devi at i amourttuf entabiapegiiakforofusibheproteint pasentpsiee aésdyBdalh? De neawito eldtarmirtehe
ci rcul a%i on. '&}? 'g‘fy@i ésete Fi gures 14A and 14B, which illustrate the nean
pl asma _&'é’\' PHLIPONEC 8P°PBLI120 after SC administration using linear and
sem - | ot MMy BXERmMS RS SLIWT oY ViP-ELP fusion proteins PB1046 and PB1047 was
tested. Construct PB1046 contains VIP with a Met at the N-terminus and construct PB1047
contains VIP with Ala-Ala at its N-terminus. Both constructs have ELP(1-120) at their C-
terminus. In the first experiment, the activity of the constructs was tested using CHO cells
expressing the VIP receptor VPAC2. After 30 minute incubations of various concentrations
of the fusion proteins with the cell, the cells were lysed and the amount of cAMP produced
was measured using a commercial kit. PB1047 was DPP-|V treated prior to the addition to
the cells. Figure 8 shows the result. As shown, modified VIP fusion protein PB1046 is

somewhat more active than native VIP protein, while PB1047 is less active.

[0123] The activity of PB1046 and PB1047 was also tested using CHO cells expressing
the VIP receptor VPAC1. After 30 minute incubations of various concentrations of the fusion
proteins with CHO cells, cells were lysed and the amount of cAMP produced was measured
using a commercial kit. PB1047 was DPP-IV treated prior to the addition to the cells.
Figure 9 shows the result. This time, modified VIP fusion protein PB1046 is much less
active than native VIP protein, while the relative activity of PB1047 against native VIP is
about the same as it was in the test for VPAC2 receptor. These results suggest that PB1046

selectively activates VPAC?2 receptor over VPAC1 receptor.

Example 4

Blood pressure effect of VIP-ELP Fusion Protein
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[0131] Based upon this data, there appears to be a prol onged absorption
phase after subcutaneous adm nistration of PB1120, consistent with slow
absor pti omof2zoom2bdve site of adm ni stration. The appar entCeltisndmnaticon
half-l1ife (t1/2), based on the decay of plasnma concentrations, ranged from
9.9 to 45.8 h and likely reflects the sl ow absorption rather than true
elimnation. These data indicate that the VIP-ELP fusion protein has a

dr amat i y extended half-life in conpari t o .natj VI P and :

pot ent ﬂgﬁ‘b beﬂiﬂ ACHY Yt rtgﬁ r%?de'@gt g%d‘g@giﬂlr'ﬁs"gf{]f?r ?@9?{;{@37 1:3% %no ée%ﬁqranf”st er ed
about qmﬁkl. C@;béc&ﬁcaﬂ%{?%ﬁsec&s\éﬁ[ WIPtELEP]i fﬂ/la;mq fp@tﬁtﬁh{/ logv%f%d thnés"sdrada;e,re aestabout
once wee . a e , cts o ifie - i Pr ot ej PB1120
O B SpnisisolE TRBSHSI MG (HEstibre MBI PatEes Fita PEIBT () R kDeon

f usi on Huffet ebriiroPBAd 2RirdocslyFEsHurés wetieanéaurad ataRderaBpuintg after advhinistratuh
pressure

,.rats were given single, subcutaneou WO
D011/ 0 05e PeHPLRITE, asBE8 125 ders é'ﬁ%ég gD HgHR ndtharaRs 1% ey kg
of PBl1R@rayedaky #ldlstafdardV@viadioh! PB1®I7VEbSificdritlg reesceliSéystalib BndadigstdizC show
t he average change_ in systolic, diasto]]

c, and nean arterial pressure,
r espect?QRY presgirgp dhepsELRBRACL ﬁteleﬁﬁ’}eizaﬁ%rﬁé’ﬁ?tt aff@f’@{fak'f’&r ége R{’g‘i‘rﬁt@s\/al s
fol I owiipgcathg BHadtthat VIPoEIGH RE3A 26totohs iFiagtive SarkbAak e morstinmt @sed adss
injected with either 1 ng/\};lg or SJ:%%kg of PB1120 showed significant
r educt i SREMpePUiGAR 4] ireatingiVAStTelpied 4'skR8%ean arterial pressure 9 hrs
post-injection, indicating that VIP-ELP fusion protein PB1120 can
potentially be adm nistered for the purpose of treating or preventing

hypert ensi on ';Sn afflicted individuals. [0133] Unl ess defined otherw se, all
t echni sélﬁ——"éqi%—a scientific ternms herein have the same nmeani ng as commonly

under st .b f.oardin skill in the art to which this invention
bel ongsgg‘gf'f’ﬁﬁﬁgﬁ'@rﬁ/igﬂ‘t?f’ﬁgﬁéteéﬂ% materials, sinilar or equivalent to those
descri erei n be u i he practice or i sent
event 1n2t S ohop RARe e TR D An S RERE e pLEGh A oL SRR IR
publ i catinsings, qat eattyatiamf thé erptige blRiasbid griRB 1tk edea tferéfacocpotatied, b

: no . ; pot y
Ferer enierd %eehﬂerlmr}n&s \Wad cf?anntglea % K/IAFA?[G%I%Q %‘F\l@%%,sihstead of MAAHS, SEQ ID

NO: 46, because HG is more resistant to DPP 1V than HS.

[0126] Plasmid pPB1056 was also constructed, which encodes a VIP with an oppositely
charged linker (SEQ ID NO. 20) based on the VPGXG, SEQ ID NO: 3, repeat before ELP.

Example 6

Cloning, Expression, and Analysis of an Additional VIP-ELP Fusion Protein, PB1120

[0127] The VIP DNA sequence was cloned into vector pPB1120 (SEQ ID NO: 48) (see
Figure 11) carrying the ELP1-120 DNA sequence to give an expression cassette under the
control of the T7 promoter. Next, the E. coli production strain BLR was transformed with the
pPB1120 plasmid and grown in rich medium as described above. Samples of the resulting
VIP-ELP1-120 fusion peptide, PB1120, were purified and analyzed via SDS-PAGE.

[0128] The activity of the PB1120 fusion peptide was tested in vifro. The activity was
tested using an assay utilizing CHO cells expressing VIP receptor (VPAC1) as described
above in Example 3. As Figure 12 demonstrates, PB1120 was approximately 1.4 fold less
active than the native VIP peptide on the VPAC1 receptor. By comparison, the construct

PB1046 which contains an N-terminal methionine residue was approximately 11-fold less
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[ 0134] The publications discussed herein are provided solely for their

di sclosure prior to the filing date of the present application. Nothing
her ei n i swoaoth@2emnst rued as an adm ssion that the preseat/tusameniicon i s not
entitled to antedate such publication by virtue of prior invention.

[0135] Whil e the invention has been described in connection with specific
enbodi nents thereof, it will be understood that it is capable of further
nodi ficatjions and this applicatign is intended to cover any varjations,
uses, dctiygdntedidveMIt REPHIR, el FioRe fEHISEE TEUIRIR eé%‘?fé‘?%{f{s,’ l%ﬂlﬁbr"l’aﬁci pl es
of the arjweetd @ and 6 B WRGCEUCIhal ERARAIVE 8P HESBCIIMhO VEREN Ireflipier OSur e
as cone within known or customary practice within the art to which the

ihnve_nt L[@?zﬂer t Qiiig’l?eaﬁﬁmaﬁaﬂ@é’ tr}{@e?ftmw io_equﬁzco her més\ﬂilfﬂd)%recfe@ﬁir.u EilﬂlSe thle
erei nbefore set fort nd as follo in the scope of the appended cl ains.
VO 2011F84850EPETT D826/ 0p580iS" BT shovy STigtth s gty %‘12%‘3183%?53 s
conpri stheGadvé WEP @BpiIcOfor VPATI RoRBaITRCEdHa6Rld theaesaRiRBh avitaVPAET,
wherein_the fusion protein CO&E“ ses VIP and at |east one_elastin-lik

pept i de"BHI6) wapapdRRiRRt fonNEAMKEseomRaned 91 Be gy Pertidsn Quer e sl -1ife

to supp@ltipR &@shments! PRUEICYa®En e PR ABY tO7-f0I€%ss aclve HAA thé@k@reut i C
conposition o wherein the ELP conponent is constructed of one or

f claiml
more anYRPeREAR Op A WP AGATISPINSf i ned by SEQ ID NOS: 1-12. 3. The
t herapeutic conposition of claim2, wherein the ELP conponent conprises

repeats of VPGXG (SEQ ID NO 3), IPGXG (SEQ ID NO 5), and/or LPGXG (SEQ ID
NGO 7), _where_X is a genetically-encoded am no acid.
Example 7

Pharmacokinetic Profile of Modified VIP-ELP Fusion Protein PB1120

[0130] In addition to the biological potency assays described above, the
pharmacokinetic profile of the VIP-ELP fusion protein PB1120 was also examined. Monkeys
were given single subcutaneous (SC) injections (dosed at 3 mg/kg) of PB1120 and plasma
drug concentrations were measured daily over the course of one week. Three animals were
used and the graphs show the average and the standard deviation. More than half of the
initial dose of PB1120 remained in the circulation to day 4 (see Figures 14A and 14B, which
illustrate the mean plasma concentrations of PB1120 after SC administration using linear

and semi-logarithmic axes, respectively).

[0131] Based upon this data, there appears to be a prolonged absorption phase after
subcutaneous administration of PB1120, consistent with slow absorption from the site of
administration. The apparent elimination half-life (t2), based on the decay of plasma
concentrations, ranged from 9.9 to 45.8 h and likely reflects the slow absorption rather than
true elimination. These data indicate that the VIP-ELP fusion protein has a dramatically
extended half-life in comparison to native VIP and can potentially be administered at
extended intervals (e.g. may be administered about once daily, about every other day, about

every third day, or about once weekly).

Example 8
Effects of Modified VIP-ELP Fusion Protein PB1120 on Blood Pressure

[0132] To measure the effects of the modified VIP-ELP fusion protein PB1120 on

systolic, diastolic, and mean arterial blood pressure, rats were given single, subcutaneous
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4. The therapeutic conposition of claim3, wherein the ELP conponent
conprises VPGXG (SEQ ID NO 3) repeats, wherein X is independently selected
fromV, Avoand/@posar is independently selected fromK, YCTasdo16/045665 The

t herapeutic conposition of claim4, wherein Xis V, A and Gin a ratio of
about V5, A2, and G3. 6. The therapeutic conposition of claim5, wherein
the ELP conponent conprises 60 repeating units of VPGXG (SEQ ID NO 3). 7.

e hSLSBRlL1 S PR L0 St ok dDes P 1 By SAT, Commenepl g o0

CO”DOSiFi%@t%so’iSRJ BN dnd WBEr $How ¥ Svéfagdchamdt fa bystalic! Alds®liof ambeidanVl,
A8, and G7. WD 2011/ 020091PCT/ US2010/ 045605 9. The t herapeuyti ¢
conposiariedal REsIreirRsRECtvier Bigyre Aab shews ifdiesade hesiaisR réd‘rr‘%‘ﬁ@@’tsi ng

uni ts gbloiasarhia@alidh HNPBER0. AbFigdies 15AC apeYhitrats aRGEEEONitAkitigdral m 9,
wherein the ELP c onent conprises 120 repeating units ﬁ?ifg?V'GXG QTES@% | D
€ )

NO. . 3) 1 Mk orfSamgke oh pBi b RNRIRITGEA! Grugions T BSGIRedastiocand Meaty, and

F in thetekiat presSiread A Elféltvinjy&ionélﬁmjidating tAad. VIPHELP heyiappretdie FEIMROS=ni on of
claim1l, wherein the ELP conponent conprises 60 reﬁ)eatl ng units of VPGXG
(SEQ | [pommtlat% be administered for the purpose of treating or preventing hyperteénsion in a icted

individuals.

[0133] Unless defined otherwise, all technical and scientific terms herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials, similar or equivalent to those described
herein, can be used in the practice or testing of the present invention, the preferred methods
and materials are described herein. All publications, patents, and patent publications cited

are incorporated by reference herein in their entirety for all purposes.

[0134] The publications discussed herein are provided solely for their disclosure prior to
the filing date of the present application. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such publication by virtue of prior

invention.

[0135] While the invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this application is
intended to cover any variations, uses, or adaptations of the invention following, in general,
the principles of the invention and including such departures from the present disclosure as
come within known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth and as follows in the

scope of the appended claims.
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13. The therapeutic conposition of claim 12, wherein the ELF conponent
conprises 120 repeating units of VPGXG (SEQ ID NO. 3). 14. The therapeutic
conposi t iwo 20ft/eb@im 4, wherein X is V. 15. The therapedrius2ciongsssti on of
claim 14, wherein the ELP conponent conprises 60 repeating units of VPGXG
(SEQ ID NGO 3). 16. The therapeutic conposition of claim 14, wherein the
ELF conponent conprises 120 repeating units of VPGXG (SEQ ID NO 3). 17.
The thgréigﬁgti c conposition of claim1, wherein the VIP has the am no acid
aﬁquen 0 SEQ IhD NOh 13. 18. The therapeutic conposition of claim1,

erein the Vi as .the am no acid sequence.of any.one of SEQ | D ;
21-27. WO z“oltg)?raa%@lﬁf@?\?  6PBRESES 2 i@s.'onrtPé%Wela%e%ﬁ%@%%?%@I@?’ i on of
cl ai m laccopielsieicarriehe ELP conponent is at the Ctermnus of VIP. 20. The
t herapeutic conmposition of claiml1, further conprising a spacer sequence
bet ween VI P vireih hite fuslonquatebnemtprise? VIP ahe at kesbpeutiastincikeneptite GELR)f
g: 2;31 aé%@p\éﬂgrﬁt%gd \Ev gre%%ﬁg %P Q)%Rtt)i{sdaen é)(c‘ter%e%th%ﬂ‘ﬁﬁe {oessulpys)ct):‘?l Qtdogirng FPr!’e%gl%?/e

of once per day or less.

2. The therapeutic composition of claim 1, wherein the ELP component is constructed

of one or more amino acid repeat units defined by SEQ ID NOS: 1-12.

3. The therapeutic composition of claim 2, wherein the ELP component comprises
repeats of VPGXG (SEQ ID NO: 3), IPGXG (SEQ ID NO: 5), and/or LPGXG (SEQ ID NO:

7), where X is a genetically-encoded amino acid.

4. The therapeutic composition of claim 3, wherein the ELP component comprises
VPGXG (SEQ ID NO: 3) repeats, wherein X is independently selected from V, A, and G, or

is independently selected from K, V, and F.

5. The therapeutic composition of claim 4, wherein X is V, A, and G in a ratio of about
V5, A2, and G3.
6. The therapeutic composition of claim 5, wherein the ELP component comprises 60

repeating units of VPGXG (SEQ ID NO: 3).

7. The therapeutic composition of claim 6, wherein the ELP component comprises 120
repeating units of VPGXG (SEQ ID NO: 3).

8. The therapeutic composition of claim 4, wherein X is V, A, and G in a ratio of about
V1, A8, and G7.
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22. The therapeutic conposition of claim?2l, wherein the spacer peptide is
prot ease cl eavabl e, and conprises a thronbin cleavage site, a factor Xa

cl eavage wote11/@009t al | opr ot ease cl eavage site, an ent ePoliusasie/oeicernyvage
site, a Tev cleavage site, or a cathepsin cleavage site. 23. The

t herapeutic conposition of claim1l1, wherein the conposition is fornul ated
for parental admnistration. 24. The therapeutic conposition of claim23,
wherein the conposition is formulated for subcut ous, intranmuscul ar, or
et avehous TRTRReEHEE PORPOSTES. O AT QTP he G SEARTENLFREP OFD 0 o
funct i agpdatingain@gof VRGEGf(SE@IDAMONSY er m nal noiety so as to nodify
preference of the VIP for VPAC2 versus VPACL as conpared to an unnodified
VIP. 26. The therapeutic agent of claim25, wherein the VIP has the am no
acid sequence of SEQ ID NO 13. 27. The therapeutic agent of claim 25,
wher ei m he Meﬁ/hb&@ebﬂitﬁcc&i/ﬂﬁ»d%ﬁio&df dlmwwm&airofhheaﬁiw oorapaienBEeN pBEdSCRZ0
21-27. WD 2011/02 045605 28. The therapeutic agent of any
one of "EPEALRG UPHS Qg\?gé{gg@}gﬁz&nl'gétﬁ)erapeuti c agent has a relative binding
preference for VPAC2 over VPACL of at |east about 2:1. 29. The therapeutic
agent of any one of clainms 25-27, wherein the therapeutic agent has a

relative bi i reference for VPAC2 ,over VRAC f at, least about  50; 1.
50, “Thelt per HisateREEui AT Sh oY SREF 4 Wirrais s A0 BEG rARR ansth

t her apadit,iM2, agefAt. has a rel ative binding preference for VPACL over VPAC2 of
at | east about 2:1.

12. The therapeutic composition of claim 11, wherein the ELP component comprises 60
repeating units of VPGXG (SEQ ID NO: 3).

13. The therapeutic composition of claim 12, wherein the ELP component comprises 120
repeating units of VPGXG (SEQ ID NO: 3).

14. The therapeutic composition of claim 4, wherein X is V.

15. The therapeutic composition of claim 14, wherein the ELP component comprises 60
repeating units of VPGXG (SEQ ID NO: 3).

16. The therapeutic composition of claim 14, wherein the ELP component comprises 120
repeating units of VPGXG (SEQ ID NO: 3).

17. The therapeutic composition of claim 1, wherein the VIP has the amino acid
sequence of SEQ ID NO: 13.

18. The therapeutic composition of claim 1, wherein the VIP has the amino acid
sequence of any one of SEQ ID NOS: 21-27.
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31. The therapeutic agent of any one of clains 25-27, wherein the

t herapeutic agent has a rel ative binding preference for VPACL over VPAC2 of
at | east wbaot1/@09l. 32. A nethod of treating a subjectcrmseaed4zshs VI P,
conprising admnistering to the subject a therapeutically effective anount
of the conmposition of clainms 1-31. 33. The nethod of claim 32, wherein
said subject is a human subject. 34. The nethod of claim 33, wherein said

conposition is formul ated for subcutaneous adm ni h ation. 35. TEe t hod
of cl ai'® 33, ThenbeEPsularemesiiiseh FIBR i's M“S%l”%ﬁ% fOMPOREY 5t ¢ %;FHE

dosi ng.iemdkus dh@pmet hod of claim 33, wherein said conposition is fornul ated
for three tinmes weekly dosing. 37. The nethod of claim 33, wherein said
conposition is formulated for twi ce weekly dosing. WO

2011/ 020091PCT/ US2010/ 045605 38. The met hod of claim 33, wherein said

conposidg, on Fre tRrapdudt esbnipRkitioNCst @gim weekrtisrstdigprisindPa éparet keduafce
treating or preventing hypertension in a subject, conprising adm nistering
to the RElMpLLYIPandHBe BEHEFOMPANERE ef f ecti ve anobunt of the conposition of any
of clainms 1-38. 40. The nethod of claim 39, wherein said hypertension is
sel ected from pul nonary hypertension, uncontrolled essential hypertension,
and resji stant hypertension. . , . o

21. The therapeutic composition of claim 20, wherein the spacer peptide is protease

resistant or protease cleavable.

22. The therapeutic composition of claim 21, wherein the spacer peptide is protease
cleavable, and comprises a thrombin cleavage site, a factor Xa cleavage site, a
metalloprotease cleavage site, an enterokinase cleavage site, a Tev cleavage site, or a

cathepsin cleavage site.

23. The therapeutic composition of claim 1, wherein the composition is formulated for

parental administration.

24. The therapeutic composition of claim 23, wherein the composition is formulated for

subcutaneous, intramuscular, or intravenous administration.

25. A therapeutic agent comprising VIP or a functional analog thereof and an N-terminal
moiety so as to modify preference of the VIP for VPAC2 versus VPAC1 as compared to an
unmodified VIP.

26. The therapeutic agent of claim 25, wherein the VIP has the amino acid sequence of
SEQ ID NO: 13.

27. The therapeutic agent of claim 25, wherein the VIP has the amino acid sequence of
any one of SEQ ID NOS: 21-27.
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41. A nethod of treating or preventing heart disease in a subject,
conprising admnistering to the subject a therapeutically effective anount
of the cowpasittizarwiof any of clainms 1-38. 42. The net hedTafS2aiaisensll,
wherein said heart disease is selected fromnyocardial fibrosis, heart
failure, and cardi onyopathy. 43. A method of treating or preventing type 2
di abetes nellitus in a subject, conprising adm nistering to the subject a

t hera [ [ it ' -
pez%t.l Ca'llhleythglfa];)ggt?cl ng%n?o éjn@ton%foftcpa?mg gg}ﬁ(}s\lNHar%ﬂx t%fe tﬁe@gpethic%lgg}anFasl 38.

a relative binding preference for VPAC2 over VPAC1 of at least about 2:1.

29. The therapeutic agent of any one of claims 25-27, wherein the therapeutic agent has

a relative binding preference for VPAC2 over VPAC1 of at least about 50:1.

30. The therapeutic agent of any one of claims 25-27, wherein the therapeutic agent has
a relative binding preference for VPAC1 over VPAC2 of at least about 2:1.

31. The therapeutic agent of any one of claims 25-27, wherein the therapeutic agent has
a relative binding preference for VPAC1 over VPAC2 of at least about 50:1.

32. A method of treating a subject in need of VIP, comprising administering to the subject

a therapeutically effective amount of the composition of claims 1-31.
33. The method of claim 32, wherein said subject is a human subject.

34. The method of claim 33, wherein said composition is formulated for subcutaneous

administration.

35. The method of claim 33, wherein said composition is formulated for once per day

dosing.

36. The method of claim 33, wherein said composition is formulated for three times

weekly dosing.

37. The method of claim 33, wherein said composition is formulated for twice weekly

dosing.
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38. The method of claim 33, wherein said composition is formulated for once per week

dosing.

39. A method of treating or preventing hypertension in a subject, comprising
administering to the subject a therapeutically effective amount of the composition of any of

claims 1-38.

40. The method of claim 39, wherein said hypertension is selected from pulmonary

hypertension, uncontrolled essential hypertension, and resistant hypertension.

41. A method of treating or preventing heart disease in a subject, comprising
administering to the subject a therapeutically effective amount of the composition of any of

claims 1-38.

42. The method of claim 41, wherein said heart disease is selected from myocardial

fibrosis, heart failure, and cardiomyopathy.

43. A method of treating or preventing type 2 diabetes mellitus in a subject, comprising
administering to the subject a therapeutically effective amount of the composition of any of

claims 1-38.
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