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NOVEL o4B7 PEPTIDE MONOMER AND BIMER ANTAGONISTS

CROSS REFERENCE TO RELATED APPLICATIONS

80061} This application claims priority to U.S. Provisional Application No.
62/058,506, filed on October 1, 2014; UK. Provisional Application No. 62/(58,510, filed on
October 1, 2014; U8, Provisional Application No. 62/149,257, filed on April 17, 2015; and
U.S. Provisional Application No. 62/192,934, filed on July 15, 2015; all of which are

incorporated by reference herein in their entiretics.

FIELD OF THE INVENTION

{6082} The present invention relates to novel compounds having activity usefuld for
treating conditions that arise from or are exacerbated by integrin binding, pharmaceutical
composttions comprising the cornpounds, methods of treatment using the compounds, and

methods of blocking or disrupting integrin binding.

BACKGROUND OF THE INVENTION

[6803] Integring are noncovalently associated o/f heteradimeric cell surface receptors
involved in numerous cellular processes ranging from cell adhesion and migration to gene
regulation {Dubree, et al., Selective vdfi7 Integrin Antagonist and Their Potential as Anti-
mtlammatory Ageunts, J. Med. Chem. 2002, 45, 3451-3457). Differential cxpression of
integrins can regulate a cell’s adhesive properties, allowing different leukocyte populations to
be recruited to specific orgaus in respouse to different mflammatory signals. It left
unchecked, integrins-mediated adhesion process can lead to chronic inflammation and
autotmmune discase.

16004] The 04 mtegrins, edBl and «dP7, play cssential roles in lymphocyte migration
throughout the pastrointestinal tract. They are expressed on most leukocytes, including B and
T lymphocytes, where they mediate cell adbesion via binding to their respective primary
ligands, vascular ccll adhesion molecule (VCAM), and mucosal addressin cell adhesion
molecule (MAJCAM), respectively. The proteins differ in binding specificity in that VCAM
biuds both g4Pl and to a lesser extent a4f7, while MAJCAM 1s highly specitic for a4p7.1n

addition to pairing with the o4 subunit, the §§7 subunit also forms a heterodimeric complex
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with oF subunit to form oER7, which is primarily expressed on intracpithelial lymphocytes
{IEL} in the intestine, hung and genitourinary tract. «EB7 is also expressed on dendritic cells
in the gut. The aEB7 heterodimer binds to E-cadherin on the epithelial cells. The IEL cells are
thought to provide a mechanism for immune surveillance within the epithelial compartment.
Theretore, blocking oEB7 and od4f7 together may be a useful method for treating
inflammatory conditions of the intestine

GHIRY Inhibitors of specific integrin-ligand interactions have been shown effective as
anti-inflanunatory agents for the treatment of various autormmunce discases. For cxample,
monocional antibodies displaying high binding affinity for 047 have displayed therapeutic
benefits for gastroimtestinal  avto-inflavamatory/autoimmune  discases, such as Crohn's
disease, and ulcerative colitis. Id. However, one of these therapies interfered with gdfl
integrin-ligand interactions thereby resulting in dangerous side effects to the patient.
Therapics utilizing & dual-specific small molecule antagonists have shown simular side cffects
in animal models.

18006} Accordingly, there 1s a need in the art for ntegrin antagonist molecules having
high atfinity for the odP7 integrin and high selectivity against the adP1 integrin, as a therapy
for various gastrointestinal autotmmune discases.

{6087} Such integrin antagonist molecules and related compositions and methods are

provided by the present invention.

SUMMARY OF THE INVENTION

{6008} The present invention has been developed in response to the present state of
the art, and in particular, in response to the problems and needs in the art that have not yet
been fully solved by currently available integrin antagonists. Thus, the present invention
provides a4p7 antagonist monomer and dimer peptides, ¢.g., for use as anti-inflammatory
and/or immunosuppressive agents. Further, the present invention provides u4f7 antagonist
monomer and dimer peptides for use in treating a condition that s associated with a
biological function of a4f7 to tissues expressing MAJCAM.

{8009 The invention relates to novel peptidic compounds exhibiting integrin
antagonist activity. The present invention further relates to novel peptidic compounds

exhibiting high specificity for 04B7 integrin, and increased oral stability. In particular
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embodiments, the present invention relates to novel compounds having activity useful for
treating conditions which arise or are exacerbated by jutegrin binding, pharmaceutical
composttions comprising the cornpounds, rocthods of treatment using the compounds, and
methods of blocking or disrupting integrin binding. The compounds are integrin antagonist
roolecules having high athnity for the o4p7 ntegrin, which may be used as a therapy for
various gastrointestinal autotmmune discases.

LEHE In certain embodiments, compounds of the present invention are dimers
comprising two paired subunits that are linked together by their C- or N-termini via g linking
moiety. In certain embediments, one or both of the dimer subunit peptides of the present
invention further coraprises two natural or unnatural amino acids that are capable of bridging
to form a cyclized structure. Thus, particular compounds of the present invention comprise
dimerized peptides, cach subunit of the dimer containing a cyclized structure through at least
onc of a disulfide bridge, an amide bond, or another or cquivalent connection. This feature
provides increased stability to the compound when administered orally as a therapentic agent.
In addition, this feature further provides for increased specificity and potency.

{6011} One having skill in the art will appreciate that the C- and N-terminal hinker
moicties disclosed herein are noun-limiting examples of suitable linkers, and that the present
invention may include any suttable linker moicty, Thus, some embodiments of the present
invention comprises a homo- or heterodimer molecule comprised of two monomer subunits
selected from the peptide molecules described herein and in the accompanying figures and
tables, wherein the C- or N-termint of the respective monomers are linked by any suitable
linker moiety to provide a dimer molecule having superior integrin antagonist activity.

{6012} fn another aspect, the present fuvention provides a composition for treating a
subject in need of integrin-antagonist therapy comprising a dimer compound of Formula (1),
or any other compound described herein or in the accompanying figures and tables, in
combination with a pharmaccutically acceptable carrier.

{6013] In vet another aspect, the present invention provides a diagnostic method for
visualizing and diagnosing a4 discase compunsing administering au orally stable comopound of
Formula (1), or any other compound described herein or in the acompanying figures, that is
further labeled with at least one of a chelating group and a detectable label for use as an in

vivo imaging agent for non-invasive diagnostic procedures.
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{6014} in certain embodiments, compounds of the present invention are monomers.
Each monomer peptide of the present toveuntion further comprises two vatural or unnatural
amino acids that arc capable of bridging to form a cyclized structure. Thus, the compounds
of the present invention comprise monomer peptides, each forming a cyclized structure
through at least one of a disulfide salt bnidge, an amide bond, or an equivalent connection.
This feature provides increased stability to the compound when administered orally as a
therapeutic agent. This feature further provides for increased specificity and potency as
compared to non-cyclized analogs.

{8615} In one embodiment, the present invention includes a peptide dimer
compound comprising two linked monoreer subunits of Forroula (I):

Xaa'-Xaa -Xaa'-Xaa™-Xaa™-Xaa’-Xaa - Xaa"-Xaa'-Xaa'*-Xaa''-Xaa'"-Xaa' - Xaa"

{Formula (1))
or a pharmaccutically acceptable salt thereof,

{8816} wherein:

Xaa' is absent, Ac, or any amino acid;

Kaa’ is absent, Ac, or any aming acid;

Xaa’ is abscnt, Ac, or any amino acid;

Xaa" is any amino acid capable of forming a bond with Xaa'”;

Xaa® is selected from the group consisting of N-Me-Arg, Arg, N-Me-Lys, Phe(4-
guanidinoguanidine), Phel4-carborayl), Cit, Phe{4-NH,), N-Me-homoArg, homoArg, Tyr,
Dap, Dab, Arg-Me-sym, Arg-Me-~asym, Cav, and His,

Xaa®is Ser, Gly, Thr or He;

Xaa' is Asp, Asp(OMe) or N-Me-Asp;

Xaa® is selected from the group consisting oft Thr, Val, He, Leu, homoleu, Gin, Ser, Asp,
Pro, Gly, His, Ala, Phe, Lys, Arg, Asn, Gly, Tyr, Trp, Met, Nle, and N-methyl amino acids,
including N-Me-~Thr;

Xaa® is selected from the group consisting of Gin, Ser, Asp, Pro, Gly, Ala, Phe, Glu, He, Val,
N-butyl Ala, N-pental Ala, N-hexyl Ala, cyclobutyl Ala, cyclopentylAla, Leu, Nie, Cha,
homoLeu, Cpa, Aoc, and N-Me-Leu;

- 106 - . . . . . 4
Xaa 18 any amino acid capable of formung a bond with Xaa';
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Xaa'! is absent or selected from the group consisting of: aromatic amino acids, substituted
aromatic amine actds, and Tic;

Xaa'? is absent or selected from the group consisting of: aromatic amine acids, substituted
aromatic amino acids, Glu, B-Glu, homoGlu, Asp, D-Asp, D-homoGlu, Gla, beta-homoGly,
Tic, Aie, Gln, Cit, Ghu(OMe), Asn, D-His, Tic, Phe(3-COOH), D-Arg, Bip, B-Trp, Phe, D-
Phe, D-Val, D-Thr, D-Tyr, D-Lys, D-lle, D-His, N-Me-Gluy, N-Me-Asp, alpha-homoGlu,
Biphenyl-Gly, Biphenyl-Ala, Homo-Phe, D-1-Nal, B3-2-Nal, Thr, and Val, and corresponding
D-amino actds and isosteres;

Xaa' is absent or Pro or any amino acid; and

Xaa' is selected from the group cousisting oft any amino acid with an amine side chain, Lys,
D-Lys, N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap, HomolLys, D-Dap, D-Dab, D-Orn, Cys,
HomoCys, Pen, D-HomoCys, D-Cys, D-Pen, Asp, Glu, D-Asp, D-Glu and HomoSer,
HomoGlu, D-homoGlu, N-Me-Glu, N-Me-Asp, N-Me-D-Glu, and N-Me-D-Asp;

wherein Xaa® and Xaa'® are both Pen or Cys;

wherei:

Xaa® is selected from the group consisting of Cit, Phe(d-carbomylamine), and N-Me-
homoArg; Xaa" is selected from the group consisting of Leu, homoLen, Nie and Val; Xaa’ is
selected from the group consisting of Cha, homoLey, and Cpa; Xaa'' is sclected from the
group consisting of Tic, Phe(Z-carbomyl), Phe(3-carbomyl}, Phe(4-COOH), Phe(4-OMe),
and Phe(d-tBu); Xaa'’ is selected from the group cousisting of Aie, Gln, Cit, Glu(OMe), D-
His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp, Phe, D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal,
Thr, Val; or¥aa® is Pro; and

wheretn one or both monomer subunits of the peptide divoer corapound coraprises a bond
between Xaa® and Xaa ',

166171 In one embodiment, Xaa® is Cys or Pen, Xaa' is Pen or Cys, and Xaa® and
XKaa'® are linked by a disulfide bond.

{3018} In particular embodiments of compounds comprising Formula (I}, the
compound further comprises a linker moiety hinking the two monower subunits, wherein the
iinker moicty 1s optionally sclected from the group consisting of DIG, PEG13, PEG2S,
PEGIK, PEGZK, PEG3 4K, PEG4K, PEGSK, IDA, IDA-Palm, HDA-Boc, IDA-Isovaleric

acid, Triazine, Triazine-Boc, Isophthalic acid, 1,3-phenylencdiacetic  acid, 1.4-
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phenylenediacetic acid, cyclopropylacetic acid, 4-flucorobenzoic acid, 4-fluorophenylacetic
acid, 3-phenylpropionic acid, succinic acid, biotin, glutaric acid, Azelaic acid, Pimelic acid,
Dodecancdioic  acid, aliphatic aminoe acids, aromatic amino  acids, hetcroaromatics,
polyethylene glycols having a molecular weight from approximately 400Da to approximately
40,000Da, bifunctional inkers, N-Hydroxy succinamine (NHS)-activated diesters, and bis-
maleimides.

{6019] In particular embodiments compounds comprising Formuda [, the N-
terminus of cach monomer subunit is linked by the linker moicty to provide an N-terminus
dimer compound.

18626} In particular embodiments, the C-terminus of each monomer subonif 18
joined by the hinker moicty to provide a C-terminus dimer compound.

{6621} In particular embodiments, Xaa® is N-Me-Arg; Xaa® is Ser, Xaa' is Asp,
Xaa® is Thr, and/or Xaa® is Leu; aXaa'l is Tic, Phe(2-carbomyl), Phe(3-carbomyl), Phe(4-
COOH), Phe(4-OMe), or Phe(4-tBu). In onc embodiment, Xaa’ is N-Methyl-Arg; Xaa® is
Ser; Xaa’ is Asp; Xaa® is Thr or Val; Xaa® is Lew; Xaa''is selected from the group consisting
of: Trp, Phe, 2-Nal, I-Nal, Tyr, His, Phe(4-F), Phe(4-CF3), Phe{4-CH;), Phe(4-tBu), Bip,
Phe(4-COOH}, Gly, 3,3-DiPhenylGly, 3,3 diPhenyl Ala, Tie, B-homoTrp, D-1-Nal, D-2-Nal,
Phe(2,4-diChH, Phe(3,4-diCh, Phe(4-carbomyl}, Phe(3-Carbomyly, Tyr{Me), and HomoPhe;
Xaa'? is sclected from the group consisting of any aromatic amino acid, Ghu, D-Glu, and
beta-homoGlu; Xaa' is absent; and Xaa' is selected from the group consisting oft D-Lys, N-
Me-Lys, and D-N-Me-Lys.

{6022] In particular embodiments, Xaa'? is selected from the group consisting of'
any amino acid with an amive side chan, Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Om, Dab,
Dap, HomoLys, B-Dap, B-Dab, D-Orn, Cys, HomoCys, Pen, D-HomoCys, B-Cys, D-Pen,
Asp, Glu, D-Asp, D-Glu and HomoSer, HomoGlu, D-bomoGlu, N-Me-Glu, N-Me-Asp, N-
Me-D-Glu, and N-Me-D-Asp. In particular crabodiments, Xaa'® also includes D-Cys and D-
Pen. In certain embodiments, Xaa' is selected from the group consisting oft any amino acid
with an amine side chan, Lys, D-Lys, N-Me-Lys, D-N-Me-~Lys, O, Dab, Dap, Homolys,
D-Dap, D-Dab, Cys, homoCys, Pen and D-Orn.

{8023} In certain embodiments of Formula (1), Xaa® is selected from the group

consisting of Cit, Phe(4-carbomylamine), and N-Me-homoArg; Xaa® is sclected from the
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group consisting of Leu, homoLeu, Nie and Val; Xaa’ is sclected from the group consisting
of Cba, homoLeu, and Cpa; Xaa'' is selected from the group consisting of Tic, Phe(2-
carbomyl), Phe(3-carboniyl), Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu); Xaa'? is sclected
from the group consisting of Aic, Gln, Cit, GIn(OMe}, D-His, Tic, Phe(3-COOH]}, D-Arg,
Bip, D-Trp, Phe, D-Phe, D-Val, B-Thr, D-1-Nal, B-2-Nal, Thr, Val; or Xaa' is Pro.

[6424] In certain embodiments of Formula (1), one or both monomer subunits of
the peptide dimer compound comprises a disulfide bond, a lactam bond, an olefin bond, 2
1,2, 3-triazole ring, a selenocther bond, or a diselenide bond between Xaa' and Xaa'®,

10625] in certain embodiments, Formmula (1) represents a monomer subunit of a dimer
molecule, wherein the monomer subunits are finked to form a dimer molecule in accordance
with the present invention.

{6826} In certain embodiments, Xaa® is Cys or Pen. In certain embodiments,
Xaa'’ is Cys or Pen. In certain embodiments, both Xaa and Xaa'® arc Cys or Pen. In cortain
embodiments, Both Xaa® and Xaa'® arc Pen. In certain embodiments, the aming acid residue
divectly C-terminal to Xaa'® is an aromatic amino acid,

16627} In certain embodiments wherein the compound is a peptide dimer, Xaa'' is
any aming acid with amine side chain, Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap,
HomoLys, D-Dap, D-Dab, or D-Orn. In cortain crabodiments, Xaa'® is Lys, D-Lys, N-Me-
Lys, D-N-Me-Lys, Orn, Dab, Dap, Homolys, D-Dap, D-Dab, or D-Om.  In certain
embodiments, Xaa' is Cys, HomoCys, or Pen.

{0028] In certain embodiments, one or both monomer subunits of the peptide
dimer comprise an intramolecular bind between Xaa® and Xaa'” In particular embodiments,
the wniframolecular boud 1s a disulfide bond or a lactam bound.

16629 In certain embodiments, a free amine in the C-terminal amino acid of the
peptide monomer is capped, ¢.g., with an acetyl group

[6638] For some embodiments, any of Kaa'-Xaa”, Xaa -Xaa', and Xaa''-Xaa' are
N{alpha)Methylated. Xaa® may further be Arg-Me-sym or Arg-Me-asym, and Xaa' may be
O-Me-Tyr, N-Me-Lys(Ac), or 4-Me-Phe. In soroe instances, any of Xaa'-Xaa", and Xaa''-
Xaa'! are acylated. For exaraple, in some instances one or more residucs at positions Xaa'-
Xaa", and Xaa''-Xaa' are acylated with an acylating organic compound selected from the

group consisting of 2-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl, Butyl, Pentyl,
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Hexyl, Paimityl, Lauryl, Oleoyl, and Lauryl, Trifluoromethyl butyric, cyclopentane
carboxylic, cyclopropylacetic, 4-tfluorobenzoic, 4-fluorophenyl acetic, 3-Phenylpropionic,
tetrahedro-2H-pyran-4ecarboxylic, succinic acid, and glutaric acid. In some instances, small
PEG {e.g., PEG4-PEGI13) is used as spacer before acylations. In some instances Gy, IsoGly,
and/or Asp are used as spacers for acylations. In some instances, Glu or Asp are used as
spacers for acylations.

{6631} In some embodiments, the N-terminal or C-terminal amino acids of both

3

peptide monomer subunits of a peptide dimer, ¢.g., Xaa', Xaa’, Xaa’, Xaa", Xaa" or Xaa'’,
are modified with a suitable linker moiety to form a homo- or hetero-dimer molecule,
wherem Formula () comprises a dimer formaed frov two subunits joined by a suttable C- or
N-terminal hinker.

{6032] In certain embodiments of Formula (1), both subunits comprise oune of the
following scquences:

Pen-(N-Mec-Argi-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu)-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe~{(4-COOH-B-homoGhu}-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Ghu-(N-Me-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(D-Lys )
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- I-Nal-{B-homoGlhu)-(D-Lys)
Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys);
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBuj-(B-homoGlu)-{D-Lys);
Pen~-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-{ B-homoGlu)-(N-Me-Lys);
Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGlu}-(N-Me-Lys},
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homwoGhup-(N-Me-Lys);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1-Nal-(B-homoGhu)«(D-Lys};
Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-1-Nal-{B-homoGlu}-(N-Me-Lys);
Pen-(N-Mce-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu)-(D-Lys); or
Pen~-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glo-{N-Me-B-Lys).

{6833} In certain embodiments, both subunits comprise the same sequences.n

particular conbodiments, the subuntits are linked via DIG at their C-termini.
{8034} In particular embodiments the peptide dimer compound has one of the

following structures:
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[Ac-Pen-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu)-(D-Lys)}-NH, |-DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH-(B-hormoGlu)-(B-Lys }-NH, -
DIG;
FAc-Pen~-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-Lys}-NH: .- BIG;
{Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr~-Leu-Pen-2-Nal-(B-borooGluy-(D-Lys)-NH; L-DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- I-Nal-{(B-homoGlu«(D-Lys}-NH; |,-DIG;
FAc-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys)}-NH, ,-BIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-1Bu-(B-homoGlu)-(D-Lys)-NH, |-DIG;
[ Ac-Pen~-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGlu)-(N-Me-Lys -NHo b~
DIG;

[ Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Len-Pen-Trp-(B-homoGhu}-(N-Me-Lys)-NH; 1,-DIG;

[ Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGlu)-(N-Me-Lys)}-NH, |,-BIG;
[Ac-Pen-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys)-NH |,-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu}-(N-Me-Lys}-NH, 1,-DIG;
[Ac-Pen~(N-Me~Arg)-Ser-Asp-Thr-Leu-Pen-Trp~(B-homoGln-(D-Lys -NH b-DIG;
{Ac-Pen-{IN-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-D-Lys}-NH, |,-DIG;

[ Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-Trp-(B-bormoGlu)-{D-Lys)-OH,-BIG;
[Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-(Phe-{4-COOH - p-homoGlu)-(D-Lys)}-OH»-
DIG;
FAc-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glo-(N-Me-Lys}-OH-DIG;
{Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{(B-horaoGlul-(D-Lys-OH,-DIG;

[ Ac-Pen~-{N-Me-~Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-{ B-homoGlu-(DB-Lys }-OH - DG
[Ac-Pen-(N-Me-Arg)-Ser-Asp-The-Leu-Pen-2-Nal-Glu-(N-Me-Lys)}-OH-DIG;
[Ac-Pen-(N-Me-Arg})-Ser-Asp-Thr-Leu-Pen-Phe{4-tBu - B-homoGlu}-(D-Lys)-OH-DIG;
[Ac-Pen~-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBui-(B-homoGla)-(N-Me-Lys-OH |-
DIG;

[ Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGhi}-(N-Me-Lys}-OHL-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGlu)-(N-Me-Lys)-OH, ,-DIG;
[Ac-Pen-(N-Mc-Argi-Scr-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys }-OH,-DIG;
[Ac-Pen-(N-Me-Arg)}-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu}-{N-Me-Lys}-OH L-DIG;
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[Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-{D-Lys)-OH |,-DIG; or [Ac-
Pen-(N-Me-Argi-Ser~-Asp-Thr-Leu-Peu-Trp-Gla~(N-Me~-D-Lys)}-OH L-DIG, wherein there 18
a disulfide bond between the two Pen residues in the monomer subunits,

{8035} In particular embodiments, the peptide dimer compound comprises an C-

terminal OH.

{¢036] In particular cmbodiments, the peptide dimer compound comprisces

N{alphaymethylation at one or more positions selected from the group consisting of Xaa',

Xaa®, Xaa'-Xaa’, and Xaa''-Xaa'’; or acylation at one or more position selected from the

group consisting of Xaa'-Xaa' and Xaa''-Xaa'® In one embodiment, Xaa' and Xaa’ are

absent, and Xaa® is Ac. In one embodiment, one or more of Xaa'', Xaa'? and Xaa'® is absent.

{6637} In a related cmbodiment, the present invention includes a peptide

monomer compound of Formula (IV):
Xaa'-Xaa®-Kaa'-Xaa'-Xaa”-Xaa®-Xaa'-Xaa -Xas -Xaa'*-Xaa' - Kaa'*-Xaa*-Xaa!

{Formula (IV})

{0638] or a pharmacecutically acceptable salt thereof,

{8639} wherein:

Xaa' is absent, Ac, or any amino acid;

Xaa®is absent, Ac, or any amino acid;

Xasa" is absent, Ac, or any aming acid;

Xaa' is any amino acid capable of binding to Xaa'®;

Xaa’ is selected from the group consisting oft N-Me-Arg, Arg, N-Me-Lys, Phe(4-guaniding),

Phe(d-carborayiamino), Ci, Phe(4-NH,y), N-Me-homoArg, homoArg, Tyr, Dap, Dab, Arg-

Me-sym, Arg-Me-asym, Cav, and His;

Xaa'is Ser, Gly, Thr, or He;

Xaais Asp, Asp{OMe), or N-Me-Asp;

Xaa® is selected from the group consisting oft Thr, Val, He, Leu, homoleu, Gln, Ser, Asp,

Pro, Gly, His, Ala, Phe, Lys, Arg, Asn, Ghy, Tyr, Trp, Met, Nie, and N-methyl amino acids,

including N-Me-Thr;

10
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Xaa” is selected from the group consisting of! Gin, Ser, Asp, Pro, Gly, Ala, Phe, Glu, He, Val,
N-butyl Ala, N-pental Ala, N-hexyl Ala, cyclobutyl Ala, cyclopentylAla, Leu, Nie, Cpa, Cha,
homoLeu, Aoc, and N-Me-Leu;

Xaa' is any amino acid capable of binding to Xaa®;

Xaa' is absent or sclected from the group consisting oft Trp, Phe, 2-Nal, 1-Nal, Tyr, His,
Phe(4-F), Phe(4-CF;), Phe(4-CH;), Phe(4-tBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenyiGly,
3,3-DiPhenyl Ala, Tic, b-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diCl}, Phe(3,4-diCl}, Phe(4-
carbomyl), Phe(3-Carbomyl), Phe(2-carbomyl), Tyr{Me), homoPhe, N-Me-Phe, N-Me-Tyr,
Ser, Sar, Bihydro Trp, He, Leu, Arg, Thr, aromatic aming acids, substituted aromatic aming
acids, and Tic;

Xaa'” is absent or sclected from the group consisting of: aromatic amino acids, substituted
aromatic aming acids, Glu, D-Glu, homoGhu, Asp, D-Asp, D-homoGlu, Gla, beta-homoGily,
Tic, Ate, Gln, Cit, Glu{OMe), Asn, D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp, Phe, D-
Phe, D-Val, D-Thr, D-Tyr, D-Lys, D-lle, D-His, N-Me-Glu, N-Me-Asp, alpha-homoGly,
Biphenyl-Gly, Biphenyl-Ala, Homo-Phe, D-1-Nal, D-2-Nal, Thr, and Val, and correspouding
D-amino acids and isosteres;

Xaa' is absent or Pro or any amino acid; and

Xaa'' is any amino acid,

wherein

Xaa is selected from the group consisting of Cit, Phe(d-carboray]), and N-Me-HomoArg;
Xaa® is selected from the group consisting of Len, homoLeu, Nic and Val;

Xaa’ is selected from the group consisting of: Cba, homoLeu, and Cpa;

Xaa'l is selected froms the group consisting of Tic, Phe(2-carbomyl), Phe(3-carboruyl), Phe(4-
COOH), Phe(4-OMe), and Phe(4-1Buy;

Xaa'! is selected from the group consisting of Aie, Gin, Cit, Glu(OMe), D-His, Tic, Phe(3-
COOH), D-Arg, Bip, D-Trp, Phe, D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal, Thr, Val; or
Kaa® is Pro:

{68403 wherein Xaa® and Xaa" are Hoked by a bond; and

{6041} wherein

Xaa® is selected from the group consisting of Cit, Phe(4-carbomy!), and N-Me-HomoArg,

. 8. .. .
Xaa 1s sclected from the group consisting of Leu, homoLeu, Nic and Val;

11
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Xaa® is sclected from the group consisting of: Cba, homoLen, and Cpa;

Xaa'l is selected froms the group consisting of Tic, Phe(2-carbomyl), Phe(3-carboruyl), Phe(4-
COOH), Phe(4-OMe), and Phe(4-tBu);

Xaa'! is selected from the group consisting of Aie, Gin, Cit, Glu(OMe), D-His, Tic, Phe(3-
COOH), D-Arg, Bip, D-Trp, Phe, D-Phe, B-Val, D-Thr, DB-1-Nal, D-2-Nal, Thr, Val; or
XKaa" is Pro.

{6642] In particular embodiments, Xaa® is Cys or Pen, Xaa' is Cys or Pen, and
Xaa' and Xaa'’ are linked by a disulfide bond.

{8043} In particular embodiments, Xaa'? is absent or selected from the group
consisting of: aromatic amino acids, substituted aromatic amino acids, Glo, B-Glu, homoGlu,
Asp, B-Asp, D-homoGlu, Gia, beta-homoGhu, Tic, and corresponding D-amino acids and

suitable isosteres.

444 In particalar embodiments, Xaa' is asbsent or Pro.
5
16845} In particular embodiments, Xaa® is N-Me-Arg.
{3646] In particular embodiments, Kaa' and Xaa® are absent, and Xaa® is Ac,

3

and/or wherein one or more of Xaa'l, Xaa'? and Xaa'® is absent.

{4047} In particular embodiments of Formula (IV), Xaa’ is sclected from the
group consisting of Cit, Phe{4-carbomyl), and N-Mec-HomeArg; Xaa® is selected from the
group consisting of Leu, homoLeu, Nic and Val; Xaa® is sclected from the group consisting
of: Chba, homoLeu, and Cpa; Xaa'l is selected from the group consisting of Tic, Phe(2-
carborayl), Phe(3-carbomy!), Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu); Xaa' is selected
from the group consisting of Aic, Gin, Cit, Gla{OMe), D-His, Tic, Phe(3-COOH), D-Arg,
Bip, B-Trp, Phe, B-Phe, D-Val, B-Thr, D-1-Nal, D-2-Nal, Thr, Val; or Kaa' is Pro.

{0048 In particular embodiments, the peptide monomer compound comprises a
disulfide bond, a lactam bond, an olefin bond, a 1,2,3-triazole ring, a selenoether bond, or a
diselenide bond between Xaa® and Xaa'’.

{6849} In certain embodiments, a monomer peptide comprises a disulfide bond, a
lactam bond, an olefin bond, a 1,2,3~triazole ring, a selenoether bond, or a diselenide bond

between Xaa® and Xaa'®,

12
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(B850} In certain embodiments, Xaa® is Cys or Pen. In certain embodiments,
Xaa'’ is Cys or Pen. 1o certain embodiments, both Xaa® and Xaa'® are Cys or Pen. In certain
embodiments, both Xaa® and Xaa' are Pen.

10651} In certain embodiments, the aming acid residue directly C-terminal to
Xaa' {s an aromatic amine acid.

{6652} In certain embodiments, Xaa'' or the C-terminal amino acid does not
comprise a free amine.

{6853} In certain embodiments, Xaa'® is absent or any amino acid with an arine
side chain, Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap, HomolLys, D-Dap, D-Dab,
or B-Orn. In certain embodiments, Xaa'? is Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn, Dab,
Dap, HomoLys, D-Dap, D-Dab, or D-Orn.

{4054] In certain embodiments wherein the compound is peptide monomer, Xaa'
or the C-terminus coruprises an NH; or an OH.

16055] In certain embodiments, a free amine in the C-terminal amino acid of the
peptide monomer is capped, ¢.g., with an acetyl group.

{0056 In certan embodiments, the peptide monomer comprises an intramolecular
bind between Xaa® and Xaa' In particular embodiments, the intramolecular bond is a
disulfide bond or a lactarm bond.

16057 For some embodiments, any of Xaa'-Xaa®, Xaa -Xaa, and Xaa''-Xaa' arc
Nalpha)Methylated. Xaa® may further be Arg-Me-sym or Arg-Me-asym, and Xaa'' may be
O-Me-Tyr, N-Me-Lys{Ac), or 4-Me-Phe, In some instances, any of Xaa'-Kaa', and Xaa'l-
Xaa'? are acylated. For example, in some instances one or more residucs at positions Xaa'-
Xaa®, and Xaa''-Xaa'" are acylated with an acylating organic compound selected from the
group consisting of 2-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl, Butyl, Pentyl,
Hexyl, Palmityl, Lauryl, Oleoyl, and Lauryl, Trifluoromethyl butyric, cyclopentane
carboxyhic, cyclopropylacetic, 4-fluorobenzoie, 4-fluorophenyl acctic, 3-Phenylpropionice,
tetrahedro-2H-pyran-4carboxylic, succinic acid, and ghitaric acid. In some instances, small
PEG (c.g., PEG4-PEGI3) is used as spacer before acylations. In some instances Glu, IsoGly,
or Asp arc used as spacer for acylations.

{8058 The invention also includes a peptide monomer compound of Formula (V}:

- 1 2 3nr 4 xS 6 7 8 w6 < 10
Xaa ~-Xaa-Xaa -xXag ~Xag -xXag -xaa -Xaa -Xag -xXaa
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{(Formula (V})
[6059] or a4 pharmaceutically acceptable salt thereot,
10060] wherein the peptide compound comprises a disulfide bond Xaa' and Xas';
10661} wherein Xaa'-Xaa'’ of Formula {V} corresponds to Xaa'-Xaa" of Formula
{1V}, and
{6462] wherein

Xaa' is Pen or Cys;
Xaa® is selocted from the group consisting of Cit, Phe{4-carbomyl), and N-Me-HomoArg
Xaa'is Ser, Gly, Thr, or He;
Xaa'is Asp, D-Asp, Asp(OMe), or N-Mc-Asp;
Xaa® is selected from the group consisting of Leu, HomeLeu, Nl and Val;
Xaa® is selected from the group consisting of: Cba, HomoLeu, and Cpa;
Xaa is Pen or Cys;
Xaa® is selected from the group consisting of Tic, Phe(2-carbomyl), Phe(3-carbomyl), Phe(4-
COOH), Phe(4-0OMe), and Phe(4-tBu);
Xaa® is selected from the group consisting of Aie, Gln, Cit, Glu{OMe), D-His, Tic, Phe(3-
COOH), D-Arg, Bip, D-Trp, Phe, D-Phe, D-Val, D-Thr, B-1-Nal, B-2-Nal, Thr, Val; and
Xaa'’ is Pro.
18663} In certain embodiments, the peptide monomer compound comprises one of
the following sequences or structures:
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-{Phe(4-COOHN-(Ghu-(D-Lys);
Pen-{N-Me-Arg)}-Ser-Asp-Thr-Leu-Pen-(Phe(4-COOH ) -(B-homo-Glu)-{D-Lys};
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Peo-(Phe(4~-tBu)-Glo-(D-Lys);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-{Phe(4-tBu))-(B-homo-Glu-(D-Lys};
Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen~(Phe(4-tBu}-Glu-(N-Me-Lys});
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Bip-Glu-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Bip-{B-homo-Gluy-(D-Lysy,
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{ B-homoGlu)-(D-Lys);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-{(4-COOH -(B-homoGlu}-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Gha-(N-Me-Lys};
Pen~-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(D-Lys);
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Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Ghu-{N-Me-Lys});
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-( -homoGhuy-(D-Lys);
Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGlu)-(N-Me-Lys});
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGhu-(N-Me-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{ B-homoGlu}-(N-Me-Lys};
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys )
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1 -Nal-{B-homoGhu}-(N-Me-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGha)}-(I-Lys);
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-D-Lys);
Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu-(B-Lys}-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH) - B-homoGlu)-(D-Lys -OH;
Ac-Pen-{N-Me-Argi-Scr-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-Lys}-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(D-Lys)-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys)}-OH;
Ac-Pen-{(N-Me-Arg)-Scr-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys)}-OH;
Ac-Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu-(B-homoGlu}-(I-Lys)}-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homo Ghu)-(N-Me-Lys)}-OH;
Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-(N-Me-Lys}-OH;
Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGhu-{N-Me-Lys)-OH;
Ac-Pen~-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-{(K-Me-Lys -OH;
Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp~-(B-homoGluy-(D-Lys)}-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-D-Lys}-OH;
Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-{D-Lys)-NH;;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-{Phe-(4-COOH)-(B-homoGhu-(D-Lys}-NH;;
Ac-Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-Lys)}-NHz;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Len-Peo-2-Nal-{(B-horoGlu)-(DB-Lys)}-NHy;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGla}-(D-Lys)}-NH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys)-NH3;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-1Bu - B-homoGlu)y-(D-Lys)-INHy;
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Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Phe(4-tBul-(B-homoGlu-(N-Me-Lys -NH;;
Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-(N-Me-Lys}-NHz
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{§-hormoGlu )-(N-Me-Lys)-NH;;
Ac-Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGhu)-(D-Lys}-NHz;
Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGhu)-(N-Me-Lys)-NHy;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGlu«(D-Lys}-NH;;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Ghi-(N-Me-D-Lys}-NH;; or
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe{4-COOH )-{(Glu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe(4-COOH)-(B-homo-Ghu);
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-{Phe(4-tBu))-Glu;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe{d-1Bu)i-(B-homo-Giu);
Pen~-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe(4-tBu))-Glu;
Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Bip-Glu;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Bip-(B-homo-Glu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Peu-Trp-(B-hormoGla);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH)-(B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Ghy;
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGlu);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1-Nal-{B-homoGlu);
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu - B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu-(B-homoGlu);
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGiu);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGluy;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlhu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu);
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGiu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{ f-homoGlu)-OH;
Ac-Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~{Phe-(4-COOH -(B-homoGlu)-0OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-OH;
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Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGlu)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu}-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGhiy-CH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-iBu)-{B-homoGlu-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGhi}-OH;
Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-(f-homoGlu)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu}-OH;
Ac-Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGhi}-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)}-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-CH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-Trp-(B-homoGhu}-NH,;
Ac-Pen-{(N-Me-Argy-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH -(B-homoGlu)-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-INHy;
Ac-Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(f-homoGhu)-NH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1 -Nal-(B-homoGhu)-NH;;
Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-NHj;
Ac-Pen-(N-Me-Arg)-Scr-Asp-Thr-Leu-Pen-Phe(4-tBuj-(B-hornoGlu}-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGhu)-NH;;
Ac-Pen-(N-Me-Arg)-Ser-Asp-The-Leu-Pen-Trp-(B-horoGlu)-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGhu)-NHo;
Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-1-Nal-{B-homoGlu)-NH;;
Ac-Pen-(N-Me-Arg)-Ser-Asp-The-Leu-Pen-1-Nal-{(B-homoGlu)-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu}-NHy; or
Ac-Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-Glu-NH;,
wherein in certain embodiments, there 15 a disulfide bond between the two Pen residues of the

peptide or peptide monomer compound.

[6064] In certain embodiments, any of the corapounds are detectably labeled.
[3065] The present jnvention further includes pharmaccutical composition

comprising any of the compounds of the invention. In one embodiment, the pharmaceutical
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composition comprises an enteric coating, wherein the enteric coating protects and releascs
the pharmaceutical composition within a subject’s lower gastrointestinal system

[30366] The mvention further includes a method for treating a subject aftlicted
with a condition that is associated with a biological function of an 047 integrin, the method
comprising admnistering to the human an effective amount of a compound or compoids of
the present invention.

{60671 In certain embodiments, the condition is selected from the group
consisting of Inflammatory Bowel Discase (IBD), ulcerative colitis, Crohn’s disease, Celiac
discase (montropical Spruej, enteropathy associated with seropegative arthropathies,
rocroscopic  colitis, collagenous  colitis, cosimophilic  gasiroenteritis, radiotherapy,
chemotherapy, pouchitis resulting after proctocolectomy and  ilcoanal anastomosis,
gastrointestinal  cancer, pancreatitis, insulin-dependent diabetes wmellitus, mastitis,
cholecystitis, cholangitis, pericholangitis, chronic bronchitis, chronic sinusitis, asthma,
primary sclerosing cholangitis, human immunodeficiency virus (HIV) infection in the Gl
tract, cosinophilic asthma, cosinophilic esophagitis, gastritis, colitis, microscopic colitis, graft
versus host discase, colitis associated with radio- or chemo-therapy, colitis associated with
disorders of innate immunity as in leukocyte adhesion deficiency-1, chronic granulomatous
discase, glycogen storage discase type b, Hermansky-Pudlak syndrome, Chediak-Higashi
syndrome, and Wiskott-Aldrich Syndrome, or pouchitis resulting after proctocolectomy and
ileoanal anastomosis and various forms of gastrointestinal cancer, osteoporosis, arthritis,
multiple sclerosis, chronic pain, weight gain, and depression. In another erbodiment, the
condition s pancreatitis, insulin-dependent diabetes mellitus, mastitis, cholecystitis,
cholangitis, pericholangitis, chronic bronchitis, chrovic sinusitis, asthma or graft versus host
discase. In particular embodiments, the condition is an mflammatory bowel disease, such as
ulcerative colitis or Crohn’s disease.

{6068] In particalar cmbodiroents, the peptide dimer compound or peptide
monomer compound of the invention inhibits binding of v4f7 to MAJCAM, and/or

selectively inhibits binding of ¢4p7 to MAdCAM,

{6869} In certain embodiments, the subject 1 a human,
180761 In certain embodiments, the peptide dimer compound or peptide monomer

compound 1s administered by a form of admunistration sclected from the group consisting of
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oral, intravenous, pertfoneal, intradermal, subcutancous, intramuscular, intrathecal,
inhalation, vaporization, nebulization, sublingual, buccal, parenteral, rectal, vaginal, and
topical.

18071 In particelar embodiments, the peptide dimer compound or peptide
roonomer corapound is administered as an initial does followed by one or more subsequent
doses and the minimum interval between any two doses is a period of less than 1 day, and
wherein cach of the doses comprises an effective amount of the peptide dimer compound.
{6872} In particular embodiments, the effective amount of peptide dimer
compound or peptide monomer compound is sufficient to achieve at least one of the
following selected from the group consisting oft a) about 50% or greater saturation of
MAdCAM binding sites on 04f7 integrin molecules; b) about 50% or greater inhibition of
47 integrin expression on the cell surface; and ¢) about 50% or greater saturation of
MAJCAM binding sites on 047 molecules and about 50% or greater inhibition of g4f7
integrin expression on the cell surface, wherein 1) the saturation is maintained for a period
consistent with a dosing frequency of no wore than twice dady; 1) the inhibition 1s
raintained for a period counsistent with a dosing frequency of no more than twice daily; or
it} the saturation and the imhibition are cach maintained for a period consistent with a dosing
frequency of no more than twice daily.

16673 In particular embodiments, the compound or pharmaceutical composition
is administered orally, parenterally, or topically. In particular embodiments, it is administered
at an interval selected from the group consisting of around the clock, hourly, every four
hours, once daily, twice daily, three times daily, four times daily, every other day, weekly, bi-

weekly, and monthly.

BRIEF DESCRIPTION OF THE DRAWINGS

{6674} In order that the manner in which the above-reciied and other features and
advantages of the inveution are obtained will be readily understood, a more particular
description of the invention briefly described above will be rendered by reference to specific
embodiments thereof which are illustrated m the appended drawings. Understanding that

these drawings depict only typical embodiments of the invention and are not therefore to be
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considered to be hmiting of ifs scope, the invention will be described and explained with

additional specificity and detail through the use of the accompanying drawings.

{8075] Figure 1 15 4 schematic showing C and N-terminal dimerizations.
18076} Figure 2 1s a schematic showing a pair of integrin antagonist monomer

subunits, wherein the subunits are aligned aund linked at their respective C-termind by a DIG
iinker in accordance with a representative embodiment of the present invention.

{6677} Figure 3 provides schematics, each showing a pawr of integrin antagonist
monomer subunits wherein the subunits are aligned and hinked at their respective CHtermim
(3A) or N-termini {38} by a linker. In certain embodiments, the linker connects two sulfur-
countaining amino-~acids to form a peptide divaer compound. The two sulfur containing amino
acids may be connected by a linker comprising a di-halide, an aliphatic chain, or a PEG. For
example, the linker can connect two monomeric subunits by connecting sulfir containing C-
termunal amino acids at the C-terminus of each monomer subunit, or it can connect two
monomer subunits by connecting sulfur containing N-terminal amine acids at the N-ternunus
of cach monomer subunit. In certainembodiments, the hinker connects two amine-containing
anino acids to form a peptide dimer compound. The two amine-containing arnino acids may
be connected by a hinker, e.g., comprising a di-halide, an aliphatic chain, or a PEG. For
exaraple, the hnker can connect two monomeric subunits by connecting amine-containing C-
terminal amino acids at the C-terminus of each monomer subunit, or it can connect two
monomer subunits by connecting amine-containing N-terminal amino acids at the N-terminus

of cach monorer subunit.

{6678} Figure 4 shows the structure of Peptide X.
[6079] Figure 5 provides a sumunary of stability data gencrated for Peptide X,

demonstrating that Peptide X is stable to a varicty of GI fluids, metabolic enzymes and
intestinal bacteria.

G080} Figure 6 shows the results of pre-clinical aniraal studics of Peptide X, showing
dose proportional PK-PD-efficacy correlations in colitis mice.

{6081} Figure 7 provides graphs showing the binding specificities of Peptide X and
vedolizurnab to various cells in hurnan whole blood as measured by FACS. For each cell
type, vedolizumab results are shown in the top graph, and Peptide X results are shown in the

bottorn graph.
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G082} Figure 8§ 18 a graph showing mean endoscopy score of DSS mice treated with
vehicle or Peptide X,

{ G083} Figure 9 provides endoscopy tmages from vehicle control or Peptide X treated
DSS mice. A normal control from a different study is also shown. The white circle indicates
colounic friability.

{6084} Figures 10A and 10B arc graphs showing the total a4f7+ memory cells
following treatment with vehicle or Peptide X in blood (A) and spleen (B). a4B7+ memory T
cells are defined as CD4+, CD4SRBYY, CD44™", dB7". Data arc presented as mean +
SEM. n=10 mice per group.

{B085] Figures 1A and 11B are graphs showing the percent @4B7 wemory cells
refative to total cells in the MLN (A) and Peyer's Patches (B). 047+ memory T cells are
defined as CD4+, CD4SRBYY, CD44M ) 04B7". Data are presented as mean + SEM. N=1-
NHCE Por group.

{0086} Figure 12 is a graph showing the exposure of Peptide X in the plasma,
proximal colon and distal colon following oral adminisiration.

G087} Figures 13A-13D provide graphs showing the amount of adp7+ memory T
cells in Peyer’s patches (A}, blood (B), MLN () and spleen (I} in the mouse DISS colitis
maodel. Peyer’s patches, MLN, spleen and blood were collected and levels of adB7+ memory
T cells analyzed by FACS. Data is presented as means and SD. N=10 mice per group.
Statistical sigoificance was assessed by one-way ANOVA: *:p<0.0S; **:p<0.01. Percentage
valucs and statistical significance are relative to vehicle control.

{(088] Figure 14 ts a graph showing percent receptor occupancy of CP4 memory
a4p7+ T cells by Peptide X afier 7 days dosing in cyno monkeys. For cach animal, the
percent receptor occupancy at Day 6 was normalized to the pre-dose control at Day 0.

{8089 Figure 15 is a graph showing the percent receptor occupancy versus Peptide X
plasioa concentration for cach animal.

{6098 Figure 16 is graph showing expression of a4f7 on CD4 memory T cells in
cyno blood. Shown is the mean fluorescence inteusity (MFI) at Day 6 normalized to the pre-
dose control at Day 0 for cach anirnal.

{8091} Figure 17 is a graph showing the percent increase in circulating w47 memory

T cells normalized to total CD4 cells in cyno blood.
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{4092} Figures 18A-18D provide graphs showing that Peptide XX reduces colon
macroscopic histopathology scores comparable to antibodies in a murine 15 day chronie DSS
maodel. *Gross colon score evaluated by a pathologist (O0=normal, 1=crythema, 2=crythema,
shight edema and small erosions, 3=two or more bleeding ulcers, inflammation, and moderate
adhesions, 4=severe ulceration, stenosis with dilation and severe adhesions).

{6093 Figure 19 shows that Peptide XX reduced mfiltration of B7+ cells into the
fumina propria of the distal colon in the 15 day chronic DSS colitis model. Data is
represented as means and SD. N=10 mice per group. Statistical significance relative to
vehicle control assessed by one~way ANOVA: *:p<0.05; **:p<0.005; ***:p<0.0001; ns: not
significant.

{6094} Figure 20 is a schematic showing an integrin antagonist peptide, wherein Xaa®
and Xaa'® are connected by a disulfide bond.

{B095] Figure 21 shows immunohistochenustry of PFA fixed small intestine tissuc
samples obtained from an animal treated with 10 mg/kg or 90 mg/kg of Peptide X conjugated
to Alex 488, stained with an anti-Alex 488 autibody.

{0096} Figure 22 provides a graph showing that treatracnt with Peptide X in a chronic

maodel of DSS resulted in reduced infiltration of @487+ B cells into the lamina propia.

DETAILED DESCRIPTION

{6097} The present invention relates generally to peptides that have been shown to
have integrin antagonist activity, including both peptide monomer compounds and peptide
dimer compounds. As demonstrated herein, peptides of the present nvention are selective
antagonists of g4f7 integrin with minimal systemic exposure when administered orally, and
are effective in blocking T cell boming and preventing mucosal damage in murine models of
IBD. In murine colitis medels, peptide compounds of the present invention blocked T cell
trafficking and reduce histopathology.

[6098] In particular erobodiments, the present invention relates to various peptide
monomer compounds or peptide dimer compounds comprising heters- or homo-monomer
subunits, which form cyclized structures through a disulfide bond, lactam bond, olefin bond,
triazole bond, selenoether bond or diselenide bond.  In certain embodivoents, a peptide

monomer compounds or one or both monomer subunits of a peptide dimer compound
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comprises an intramolecular bond to form a cyclized peptide monomer compound or cyclized
monomer subunit. The cyclized structure of peptide mouvorser compounds and monomer
subunits of peptide dimer compounds has been shown to increase potency and selectivity, and
also increase stability for oral delivery. A non-limiting, representative ilustration of the
cyclized stracture of a peptide monomer subuntt and peptide dimer compound 1s shown in

Figure 2.

Pefinitions
[3099] As used herein, the singular forms “a,” “and” and “the” include plural

references uniess the context clearly dictates otherwise.

100100 As used n the present specification the following terros have the meanings
indicated:
LG The term “peptide,” as used herein, refers broadly to a sequence of two or

more amino acids joined together by peptide bonds. 1t should be understood that this term
doecs not connote a specific length of a polymer of amino acids, nor 18 it intended to imply or
distinguish whether the polypeptide is produced using recorabinant techniques, chemical or
cuzymatic synthesis, or s naturally occurring.

{60102] The term “DRP,” as used herein, refers to disulfide rich peptides.

100103] The term “dimer,” as used herein, refers broadly to a peptide cornprising two
or more subunits, wherein the subunits are peptides, e.g., DRPs, linked at their C- or N-
termind.  Dmers also ioclude peptides coraprising two subunits that are hinked via one or
more internal amino acid residues or derivatives thercof. Each of the subunits may be linked
to the other via its N-terminus, C-terminus, or through an internal amino acid or derivate
thereof, which may be different for cach of the two subunits. Dimers of the present inveuntion
may include homedimers and heterodimers and function as integrin antagonists. Peptide
dimer compounds may be described herein using the following nomenclature: | X, 1, which
indicates that the peptide dimer compriscs two monomer subunits defined within the brackets
{e.g., X, , where X represents an amine acid and n indicates the number of amino acids in the
pepiide). A linker mooiety hnking the two peptide subunits may be shown as follows: [ X, b
— L or L-[ X, },, where L is the hinker. Other chemical moieties, such as detectable labels

may be shown in a sumilar manner as for the linker.
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{66104] The term “L-amino acid,” as used herein, refers to the “L” isomeric form of an
amino acid, and conversely the term “D-amino acid” refers to the “D” isomeric form of an
amino acid. The amino acid residues described herein are preferred to be in the “L” isomeric
form, however, residues in the “D” isomeric form can be substituted for any L-amino acid
residue, as long as the desired functional 18 retained by the peptide.

{60105] The term “NH,,” as used herein, refers to the free amine group present at the
amino terminus of a polypeptide. The term “OH,” as used herein, refers to the free carboxy
group present at the carboxy termunus of a peptide. Further, the term “Ac,” as used herein,
refers to Acetyl protection through acylation of the C- or N-terminus of a polypeptide, or any
aming acid in the peptide. The term “NH,” may also be used herein to refer to a C-terminal

amide group, €.g., in the context of a CONH,.

{68106] The term “carboxy,” as used herein, refers to ~CO H.
[66107) The term “isostere” or “isostere replacement,” as used herein, refers to any

amine acid or other analog moiety having physiochemical and/or structural properties similar
to a specified amino acid. In particular embodiments, an “isostere” or “suitable 1sostere” of an
amino acid is another arnino acid of the same class, wherein amino acids belong to the
following classes based on the propensity of the side chain to be in contact with polar solvent
itke water: hydrophobic (low propensity to be in contact with water), polar or charged
{energetically favorable contact with water). Hlustrative charged amino acid residues include
lysine {+), arginine (+), aspartate (-} and glotaroate (-}, lHustrative polar amivo acids inchude
serine, threonine, asparagine, glutamine, histidine and tyrosine. Iustrative hydrophebic
aming acids include alanine, valine, leucine, soleucing, proline, phenylalanine, tryptophane,
cysteine and methionine. The amino acid glycine does not have a side chain and is hard to
assign to one of the above classes. However, glycine 1s often found at the surface of proteins,
often within loops, providing high flexibility to these regions, and an isostere may have a
strnilar feature. Prohine has the opposite ctfect, providing rigidity to the protein structure by
imposing certain torsion angles on the segment of the polypeptide chain. In certain
embodiments, an isostere is a derivative of an amino acid, ¢.g., a derivative having one or
more moditied side chains as compared to the reference amino acid.

{86168 The term “cyclized,” as used herein, refers to a reaction in which one part of a

polypeptide molecule becomes linked to another part of the polypeptide molecule to form a
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closed ring, such as by forming a disulfide bridge or other similar bond, ¢.g. a lactam bond. In
particular eroboditaents, peptide monomer compounds or monorer subunits of peptide dimer
compounds described herein are cyclized via an intramolecular bond between two amine acid
residues present in the peptide monomer or monomer subunit.

130169} The term “subunit,” as used herein, refers to one of a pawr of polypeptides
monomers that are joined at the C- or N- terminus to form a dimer peptide composition.
{68110 The term “linker,” as used herein, refers broadly to a chemical structure that is
capable of linking together a plurality of peptide roonomer subunits to form a dimer.

{80111} The term “receptor,” as used herein, refers to chemical groups of molecules on
the cell surface or in the cell jonterior that have an affinuty for a specific cheroical group or
molecule. Binding between dimer peptides and targeted integrins can provide useful
diagnostic tools.

[00112] The term “integrin-related discases,” as used herein, refer to indications that
manifest as a result of integrin binding, and which may be treated through the administration
of an mtegrin antagouist.

{60113} As used herein, the terms “discase,” “disorder,” and “condition” may be
used interchangeably.

H

[66114] As used herein, "inhibition,” "treatraent,” "treating,” and "amecliorating”
are used interchangeably and refer to, e.g., stasis of symptoms, prolongation of survival,
partial or full amelioration of symptoms, and partial or full eradication of a condition, discase
or disorder in a subject, ¢.g., a mammal.

{B6115] As used herein, ‘prevent” or "prevention” inclades (i} preventing or
inhibiting the discase, injury, or condition from occurring n a subject, ¢.g.., a mammal, in
particular, when such subject is predisposed to the condition but has not yet been diagnosed
as having it; or (it) reducing the likelihood that the disease, injury, or condition will occur in
the subject,

{661 16] The term “pharmaceutically acceptable salt,” as used herein, represents salts or
zwitterionie forms of the compounds of the present imvention which are water or oil-soluble
or dispersible, which are suttable for treatment of discases without undue toxicity, irritation,
and allergic response; which are commensurate with a reasonable benefit/risk ratio, and

which are effective for their intended use. The salts can be prepared during the final 1solation
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and purification of the compounds or separately by treatment of an amino group with a
suitable acid. Representative acid addition salts include acetate, adipate, algnate, citrate,
aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonaie,
digluconate, glycerophosphate, hemisulfate, heptancate, hexanoate, formate, fumarate,
hydrochloride, hydrobrowide, hydroiodide, 2-hydroxyethansulfonate (isethiovate), lactate,
maleate, mesitylenesulfonate, methancsulfonate, naphthylenesuifonate, nicotinate, 2-
naphthalencsulfonate, oxalate, pamoate, pectinate, persulfate, 3-phenylproprionate, picrate,
pivalate, propionate, succinate, fartrate, trichloroacetate, irifluoroacetate, phosphate,
ghitamate, bicarbonate, para-toluenesulfonate, and undecanoate. Also, amino groups in the
compounds of the present fuveuntion can be guaternized with wmethyl, ethyl, propyl, and butyl
chlorides, bromides, and iodides; dimcthyl, dicthyl, dibutyl, and diamyl sulfates; decyl,
lauryl, myristyl, and steryl chlorides, bromides, and iodides; and benzyl and phenethyl
bromides. Exaroples of acids which can be employed to form therapeutically acceptable
addition salts include inorganic acids such as hydrochloric, hydrobromic, sulfuric, and
phosphoric, and organic acids such as oxalic, maleic, succinic, and citric. In certain
embodiments, any of the peptide momoner compounds or peptide dimer compounds
described herein are salt forms, ¢.g., acetate salts.

[60117] The termn “N{alpha)Methylation”, as used herein, describes the methylation of
the alpha amine of an amino acid, also generally termed as an N-methylation.

{80118] The term “sym methylation” or “Arg-Me-sym”, as used herein, describes the
symmetrical methylation of the two nitrogens of the guanidine group of arginine. Further, the
term “asym methylation” or “Arg-Me-asym” describes the methylation of a single nitrogen of
the guamdine group of arginine.

160119] The term “acylating organic compounds”, as used herein refers to various
compounds with carboxylic acid functionality e.g. which may be used to acylate the N-
terminus of an amino acid subunit prior to forming a C-terminal dimer. Non-hmiting
examples of acylating organic compounds include cyclopropylacetic acid, 4-Fluosrobenzoic
acid, 4-fluorophenvlacetic acid, 3-Phenylpropionic acid, Succinic acid, Glutanic acid,
Cyclopentane carboxylic acid, 3,3,3-trifluoropropeonic acid, 3-Fluororncthyibutyric acid,

Tetrahedro-2H-Pyran-4-carboxylic acid.
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{60120] All peptide sequences arce written according to the generally accepted
convention whereby the a-N-terrninal amino acid residue 13 on the left and the a-C-terminal
is on the right. As used herein, the term “o-N-terminal” refers to the free g-amino group of an
amine acid in a peptide, and the term “o-C-terminal” refers to the free g-carboxylic acid
terminus of an amino acid in a peptide. Peptide sequences way be shown 1o tables, which
may further disclose additional meoicties, such as N-terminal or C-terminal chemical
maodifications, linkers, conjugates, and/or iabels, which are present in certain embodiments of
the compounds of the invention.

{80121} it is noted that the term “comprising” is intended to be open and permits but
does not requare the melusion of additional elements or steps. When the term “comprising” is
used herein, the term “consisting of” is thus also encompassed and disclosed.

{663122] The term “amino acid” or “any amino acid” as used here refers to any and all
amino acids, inchuding naturally occurring amino acids {¢.g., a-smino acids), unnatural amino
acids, modified amino acids, and non-natural amino acids. It includes both D- and L-amino
acids. Natural amino acids inchude those found in nature, such as, e.g., the 23 amino acids
that corabine into peptide chains to form the building-blocks of a vast array of proteins. These
are primarily L steresisomers, although a few D-amino acids occur in bacterial envelopes and
some antibiotics.  The “non-standard,” natural amino acids are pyrrolysine (found n
methanogenic  organisms and  other cukaryotes), sclenocysteine (present in many
noneukaryotes as well as most eukaryotes), and N-formylmethionine {encoded by the start
codon AUG in bacteria, nitochondria and chloroplasts). “Ununatural” or “non-natural” amino
acids are non-proteinogenic amino acids {(i.e., those not naturally encoded or found in the
genetic code) that either occur naturally or are chemically synthesized. Over 140 natural
amino acids are known and thousands of more combinations are possible. Examples of
“ynnatural” amino acids include f-amine acids (§° and %), homo-amino acids, proline and
pyruvic acid dernvatives, 3-substituted alamine derivatives, glycine derivatives, ring-
substituted phenvlalanine and tyrosine derivatives, linear core amino acids, diamino acids, D-
amino acids, alpha~-methyl amino acids and N-methyl amino acids. Unnatural or non-natural
amino acids also include modified amino acids. “Modified” amino acids mclude armino acids
{e.g., natural amino acids) that have been chemically modified to inchide a group, groups, or

chemical moicty not naturally present on the amino acid.
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{60123} For the most part, the names of naturally occurring and non-naturally
occurring aminoacyl residues used herein follow the naming conventions suggested by the
WWPAC Comrnission on the Nomenclature of Organic Chemistry and the IUPAC-IUB
Commission on Biochemical Nomenclature as set out in “Nomenclature of g-Amino Acids
{Recornmendations, 1974)” Blochemistry, 14(2), (1975). To the extent that the names and
abbreviations of amino acids and aminoacyl residues employed in this specification and
appended claims differ from those suggestions, they will be made clear to the reader. Some
abbreviations useful in deseribing the invention are defined below in the following Table 1.

TABLE 1. Definitions and Abbreviations

Abbreviation Definition
DIG Di(lycolic acid {Linker)
Dap Diaminopropionic acid
Dab Diaminobutyric acid
Pen Penicillamine
Nar Sarcosine
Cit Citroling
Cav Cavanine

Phe{4-Guanidino) or o )
‘ 4-Guanidine-Phenylalanine
4-Guan

N-Me-Arg;
N-Methyl-Arginine
N{alphaiMethylation

Ac- Acetyl

2~Nal 2-Napthylalanine

I-Nal 1-Napthylalanine

Bip Biphenylalanine
O-Me-Tyr Tyrosine (O-Methyh)
N-Me-Lys N-Methyl-Lysine
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N-Me-Lys (Ac)

N-¢-Acetyl-D-lysine

3.3-DiphenylAla

3,3 DiPhenylAlanine

3, 3-DiphenylGly

3,3-DiphenyiGlycine

NH; Free Amine
{CONH;, Amide
COOH Acid

Phe(4-F)

4-Fluoro-Phenylanine

PEG13 Bifunctional PEG linker with 13 PolyEthylene Glycol units
PEG25 Bifunctional PEG linker with 25 PolyEthylene Glycol units
Bifunctional PEG linker with PolyEthylene Glycol Mol wtof
PEGIK
1000Da
Bifunctional PEG linker with PolyEthylene Glycol Mol wt of
PEGIK
2000Da
Bifunctional PEG linker with PolyEthylene Glycol Mol wt of
PEG3.4K
3400Da
Bifunctional PEG linker with PolyEthylene Glycol Mol wtof
PEGSK
3000D3a
i3A B-Ala-Iminodiacetic acid (Linker}

DA-Palm

B-Ala (Palmityl)-Iminediacetic acid

HPhe “
horo Phenylalanine
homoPhe
Abx Anunchexaneic acid
Me Methyl
Triazine Amino propyl Triazine di-acid

Bog¢-Triazine

Boc-Triazine di-acid

Trifluorebutyric acid

Acylated with 4,4, 4-Triflucrobutyric acid
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2-Methly-trifluorobutyric acid

acylated with 2-Methy-4.4,4-Butyric acid

Trifluorpentanoic acid

Acylated with 5,5.5-Trifluoropentanoic acid

{,4- Phenylenediacetic acid

para- Phenylencdiacetic acid {Linker)

1,3 - Phenylencdiacetic acid

meta - Phenylenediaccetic acid {Linker)

DTT Dithiothreotol
Nie Norleucine
B-HTrp or

B-bomoTip

B-homoTrypophane

B~-HPhe or
B-homoPhe

B-homophenylalanine

Phe(4-CF3)

4-Trifluoromethyl Phenylalanine

B-Aspartic acid

OH
] O:
3~Asp
p-Asy 0
NH ’L\OH
B-homoglutamic acid
HO.__.0
B-HGlu \f

beta-homoGly

2-2-indane

2-Aminoindane-2-carboxylic acid

I-1-Indanc I-Amunoindane- I-carboxylic acid
Cpa CyclopentylAlanine
Orn Ornithine
Aoc 2-Amine octonoic acid
Cba Cyclobutyl alanine
HCha homocyclohexyl Alanine
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Cyclobutyl

Cyclobutyialanine

p-HPhe or
B-homoPhe

p-homophenylalanine

HAsp or 7 o
HomoAspartic acid
homoAsp
HlLysor .
homolysine

homolb.ys
HCys or ‘ .

) HomoCysteine
homo(Cys
HGluor o

] homoGlutamic acid
homoGlu

HomoLeu or

homol.eu

homoleucine

Gla Gama-Carboxy-Glutaroie acid
(38-31,2,3 4-tetrahydroisoquinoline-3-carboxylic acid
COOH
Tie
) Phe(4-trifluoromethyl
Phe{4CF3)

3-{4-tfluoromethyl-phenylpropionic acid

Phe(2.4-diC})

{(S)-Fmoc-2-amino-3-{2.4-dichlorophenylpropionic acid

Phe(3.4-diC

{(S)-Fmoc-2-amino-3-(3,4-dichlorophenylpropionic acid

Pen{(=0)

Penicillamine sulfoxide

Aic

amingindan-2-carboxylic acid
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Phe(2-carbomyl) L-2-carbamoylphenylalanine
Phe(3-carbomyl) L.~-3-carbamoviphenylalanine
Phe{4-carbomyl) L-4-carbomylphenylalanine
Phe(4-COOH) {4-carboxy-fert-butyl)-L-phenylalanine
Phe(4-OMe) {S8)-4-methoxyphenylalanine
Phe{4-tBu} 2-amino-3-{4-tert-butyl-phenyl)propionic acid
Phe(4-F} 4-fluoro-L-phenyialanine
Glu{OMe) L-ghitamic acid g-methyl ester
B-azido-Ala-OH B-azido-Alanine
Agc R-amino-octanoic acid
100124] Aspects of the present imvention include peptide dimer compounds

comprising two monomer subunits, wherein the peptide dimer compounds are antagonists of
w47 integrin. Related aspects of the present invention include monomer subunits of peptide
antagonists. Monomer subunits present in peptide dimer compounds are linked at either their
C- or N-terminus, ¢.g., as shown n Figure 1, or via internal amimo acid residues, ¢.¢., by a
linker moicty. In particular embodiments, both monomer subunits are linked via their
respective N-termint, both monomer subunits are linked via their respective C-termint, or
both monomer subunits are linked via internal amino acid residues. In further embodiments,
one monomer subunit is linked via any of its N-terminus, C-terminus, or an infernal amino
acid to another monomer subunit via any of its N-terminus, C-terminags or an internal amino
acid, and linkages may occur via the same or different amino acid residues on two monomer
subunits of a peptide dimer compound. In further related embodiments, monomer subunits of
peptide dimer compounds of the present invention are hinked via both their N-terminus and
their C-terpunus.  In one embodiments the two Netermini of the monomer subunits are
linked; in one embodiment, the two C-termunt of the monomer subunis are Hoked; and 1o one

emmbodiment, the N-terminus of the first monomer subunit is linked to the C-terminus of the
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second monomer subunit of a peptide dimer compound, and the C-terminus of the first
monomer subunit 1s linked to the N-terminus of the second monomer subunit of the peptide
dimer compound.

{00125] The linker moieties of the present invention may include any structure,
length, and/or size that is compatible with the teachings herein. In certain embodiments, a
iinker moiety is selected from the non-limiting group consisting of DIG, PEGIL3, PEG2S,
PEGIK, PEGIZK, PEG34K, PEG4K, PEGSK, IDA, IDA-Palm, IDA-Boc, IDA-Ac, [DA-
Isovaleric acid, ADA Triazine, Triazine-Boc, Isophthalic acid, 1,3-phenylencdiacetic acid,
Glu, Asp, D-Glu, D-Asp, @ 4-phenylenediacetic acid, Biphenyl diacetic acid,
cyclopropylacetic acid, succine acid, glutaric acid, Dodecanedioic acid, suitable aliphatic
diacids, suitable aromatic diacids, heteroaromatics, and polyethylene glycols having a
molecular weight from approximately 400Da to approximately 40,000Da. When the linker is
DA, ADA or any hinker with free anmine it can be acylated with acylating organic compound
selected from the group consisting of 2-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl,
Butyl, Pentyl, Hexyl, Palmityl, Lauryl, Oleoyl, Lauryl, Trifluoromethyl butyric, cyclopentane
carboxyhic, cyclopropylacetic, 4-fluorobenzoie, 4-fluorophenyl acetic, 3-Phenylpropionice,
tetrahedro-2H-pyran-dcarboxylic, succinic acid, and glutaric acid, straight chain aliphatic
acids with 10 to 20 carbon units, cholic acid and other bile acids. In some instances, small
PEG (PEG4-PEG13), Glu, IsoGlu or Asp is used as spacer before acylations.

{86126 In certain embodiments, the linker connects two monomer subunits by
connecting two sulfur containing C- or N-termunal amino acids. In some embodiments, the
two suifur containing amino acids are connected by a linker comprising a di-halide, an
aliphatic chain, or a PEG. In certain embodiments, the hoker connects two monomeric
subunits by connecting sulfur containing C-terminal amino acids at the C-terminus of ecach
monomer subunit. ln certain embodiments, the linker connects two monomeric subunits by
connccting sulfur containing N-terminal amino acids at the N-terminus of cach monomer
subunit. In certain embodiments, the linker connects two monomeric subunits by connecting
a sulfur containing C-terminal amino acid of one monomer subunit to a sulfur-contaiming N-
terminal amino acid of the other monomer subuntt. In some embodiments, the two sulfur
containing aming acids are connected by a linker comprising Homobifunctional maleimide

crosshinkers, di-halide, 1.2-Bis(bromomomethylibenzene, 1,2-Bis(chloromomethyhbenzene,
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1,3-Bis(bromomomethyDbenzene, 1,3-Bis{chloromomethyljbenzene, 1,4-
Bis(tbromomomethyhbenzene,  1,4-Bis{chloromomethylbenzene,  3,3%-bis-bromomethyl-
biphenyl, or 2,27-bis-bromomethyl-biphenyl.  Particular haloacetyl crosshinkers contain an
iodoacetyl or a bromoacetyl group. These homo bifunctional linkers may contain spacers
comprising PEG or an aliphatic chan. In particular embodiments, the hoker is a bifunctional
finker {¢.g., di-acid, di-amine, dihalide, N-Hydroxy succinamine (NHS)-activated diesters,
bis-maleimides, which may be capable of linking two monomer subunits through amine,
ester, thioether, di-thio, or ether bonds.

{86127] In certain embodiments, the linker is selected from the group consisting of
DIG, PEG4, PEG4-biotin, PEGI3, PEG25, PEGIK, PEG2K, PEG3 4K, PEG4K, PEGSK,
DA, ADA, Boc-1DA, Glutaric acid, Isophthalic acid, 1,3-phenylenediacetic acid, 1.4-
phenylenediacetic acid, 1.2-phenylenediacetic acid, Triazine, Boc-Triazine, IDA-biotin,
PEG4-Biotin, AADA, aliphatics, aromatics, heteroaromatics, and polyethylene glycol based
linkers having a molecular weight from approximately 400Da to approximately 40,000Da. In
particular evobodiments, the linker is a bifunctional hnker (¢.g., di-acid, di-amine, dihahde,
N-Hydroxy succinamine (NHS}-activated dicsters, bis-raleimides, which may be capable of
finking two monomer subunits through amine, ester, thioether, di-thio, or ether bonds. Non-
iroiting cxamples of suitable linker motetics are provided in Table 2.

160128] In particular emboediments, any of the peptide dimer compounds described
herein e.g., peptide dimer compounds according to Formula (1) {including any of I-A, I-B, I-
C, I-D, I-E, I-F, I-G, I-H, I-1, and 1-J), Formula (1), Formula (I}, Formula (A}, Formula (B},
Formula (C), Forrma (D), Formula (S), Formula (X), or Formula (H), comprise two
monomer subunits that are hnked by any of the hinkers described herein; and any of the
peptide monomer compounds described herein, ¢.g., peptide monomer compounds according
to Formula {(IV) {(including any of IV-A, IV-B, IV-C, IV-Dy, IV-E, IV-F, IV-G, IV-H, V-]
and IV-J}, Formula (V) (including V-A), Formula {(VI), Formula (A), Formula (B), Formula

{C), or Formula (I3} comprise any of the linkers described herein.
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Glycol Mol wt of 2000Da

Abbreviation Description Structure
o o
DIG DiGlycolic acid, Ao,
& o
Bifunctional PEG hoker with 4 PolyEthylene o
PEG4 ‘ a’lk/\s’\'{’ b\/‘is\ﬁ/\)'l\ﬁ
Glycol units
Bifunctional PEG linker with 13 PolyEthyl i i
ifunctional PEG linker with 13 PolyEthylene
PEG13 ‘ QJK/\Q/\,{/G\/\}M/\)LG
Glycol units
o g
Bifunctional PEG linker with 25 PolyEthylene o
PEG2S preHoRE TR e RS SJKAS’\'{’“\/\}M/\)LQ
Glycol units
Bifunctional PEG linker with PolyEthylenc
PEGIK
Glycol Mol wt of 10060Da
Bitunctional PEG linker with PolyEthylene
PEG2K

PEG3 4K

Bifunctional PEG linker with PolyEthylene
Glycol Mol wt of 3400Da

PEGSK

Bifunctional PEG linker with PolyEthylenc
Glycol Mol wt of 53000Da

DA

B-Ala-Iminodiacetic acid
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Abbreviation Deseription Structure
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a
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o Lo
GTA Glutaric acid QJ\/\/U\Q
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Q/IJ\/\/\)LQ
PMA Pemilic acid
o o
' ' QJJ\/.\/\/\/U\G
ATA Azelaic acid
o
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DDA Dodecanedioic acid ~
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Abbreviation Deseription Structure
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Triazine
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Boc-Triazine

Bogc-Triazine di-acid

37




WO 2016/054411 PCT/US2015/053558
Abbreviation Deseription Structure
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{66129 When the linker is IDA, ADA or any linker with a free amine, it can be
acylated, e.g. with an acylating orgaunic compound selected from the group consisting of 2-
me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl, Butvl, Pentyl, Hexyl, Palnutyl, Lauryl,
Oleoyl, Lauryl, Trifluoromethyl butyric, cyclopentane carboxylic, cyclopropylacetic, 4-
fluorobenzoic, 4-fluoropheny! acetic, 3-Phenyipropionic, tetrahedro-2H-pyrav-4carboxylie,
succinic acid, and glutaric acid, straight chain aliphatic acids with 10 to 20 carbon units,
cholic acid and other bile acids. In some instances, small PEG (PEG4-PEG13), Gly, fsoGla
or Asp is used as spacer before acylations. It 1s understood that once bound to a hinker or
another amino acid, an amino acid reisdue of the peptide compound may undergo structural
changes, ¢.g., an acid may becoroe an amide. Reference to a particular amino acid residue
encompasses the amine acid residue in any altered structural form upon binding to a linker or
forming an intramolecular bond with another amino acid of the peptide compound.

[G0136] Aspects of the present invention relate to various peptide monomer
compounds that form cyclized structures through a disulfide bond, lactam bond, olefin bond,
triazole bond, selenoether bond or diselende bond. The cychized structure of cach peptide
roonomer has been shown to fncrease potency and selectivity of the molecules.

{G0131] In particular embodiments, the peptide monomer compounds and peptide
dimer compounds {also referred to hercin collectively as “the peptide corapounds™) of the
instant invention may comprise onc or more terminal modifying groups. In certain
embodiments, a terminal end of a peptide compound is modified to include a terminal
rodifying group selected from the non-limiting group consisting of DIG, PEG4, PEG13,
PEG25, PEGIK, PEG2K, PEG4K, PEGSK, Polyethylene glycol having molecular weight
from 400Da to 40,000Da, IDA, ADA, Glotaric acid, Succinic acid, Isophthalic acid, 1,3-
phenylencdiacetic acid, 1,4-phenylenediacetic acid, 1,2-phenylenediacetic acid, AADA, and
aliphatics, aromatics, and heteroaromatics. In certain embodiments the N- or C-terminus of
the peptide compound is hinked to a modifying group. In certain crmbodiraents, the N-
terminus of a peptide compound is medified by one to three suitable groups, ¢.g., as
represented by Xaa', Xaa®, and Xaa', e.g., of Formula (I} or (]-A). The N-terminus moay
further be acylated. In some instances, the N-terminus further cornprises a hinker moicty or
other modifying group. Simtlarly, in certain embodiments, the C-terminus of a peptide s

rmodified by a suitable group. For example, the C-termmnus may be acylated. In some
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instances, the C-terminus further comprises a linker moiety, such as but not limited to any of
those disclosed herein, In certain embodiments, the C-terminus comprises N, or OH.
[606132] The present invention further includes various peptide monomer compounds
and peptide dimer compound having peptides that have been substituted with various
rmodified amine acids. For example, some peptides inchude Tic, Phe(2-carbamoyl), Phe(3-
carbamoyly, Phe(4-COOH), Phe(4-OMe}, Phe(4-tBu), Homo-Phe, Aic, Cit, Gh(OMe), Dab,
Dap, Pen, Sar, Cit, Cav, homolLeu, 2-Nal, B-1-Nal, D-2-Nal, Bip, -Me-Tyr, B-homoTrp, B-
homoPhe, B-homoGlu Phe(4-CFi), 2-2-Indane, 1-1-Indane, Cyclobutyl, Gla, Phe(4-NHy),
homoPhe, 1-Nal, Nie, homo amino acids, D-amine acids, 3-3-diPhe, cyclobutyl-Ala, HCha,
Bip, B-Glu, Phe(4-guamdino), Phe(4-carbomyl} and various N-methylated amino acids.
Additional non-limiting examples of non-natural amino acids contemplated by the present
invention are shown in Table 1. One baving skill in the art will appreciate that additional
substitutions may be rade to achicve similar desired results, and that such substitutions are
within the teaching and spirit of the present invention.
186133] In one aspect, the present imvention provides a pephide dimer compound
comprising two linked subunits of Formula (B
Xaa'-Xaa’-Xaa'-Xaa -Xaa -Xaa’-Xaa'-Xaa -Xaa -Xaa''-Xaa''-Xaa'"-Xaa"-Kaa"
(Formula {I}}
{80134} or a pharmaceutically acceptable salt thereof,

[B6135] wheretn one or both subunits of the peptide dimer compound coraprises ¢

fox)

disulfide bond, a lactarmn bond, an olefin bond, a triazole bond, a selenocther bond, or a

. . ) : 4 1o - . - )
diselenide bond between Xaa' and Xaa' ™, and further wherein Formula (I} represents

S

monomer subunit of a dimer roolecule, the monomer subunits are linked to form the peptide
dimer compound, and wherein:

Xaa' is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any aming acid;

Xaa®is any amino acid capable of forming a bond with Xaa'®;

Xaa® is selected from the group comsisting of N-Me-Arg, Arg, N-Me-Lys, Phe(4-
guanidinoguaniding), Phe(d-carbomyl), Cit, Phe(4-NH;), N-Me-homoeArg, homoArg, Tyr,

Dap, Dab, Arg-Me-sym, Arg-Me-asym, Cav, and His;
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Xaa’ is Ser, Gly, Thr or Hl¢;

Xaa'is Asp, D-Asp, Asp{OMe) or N-Me-Asp;

Xaa® is selected from the group consisting of: Thr, Val, He, Leu, homoleun, Gln, Ser, Asp,
Pro, Gly, His, Ala, Phe, Lys, Arg, Asn, Glu, Tyr, Trp, Met, Nle, and N-methyl amino acids,
including N-Me-Thr;

Xaa® is selected from the group consisting of! Gin, Ser, Asp, Pro, Gly, Ala, Phe, Glu, He, Val,
N-butyl Ala, N-pental Ala, N-hexyl Ala, cyclobutyl Ala, cyclopentylAla, Leu, Nie, Cha,
homoLeu, Cpa, Aoc, and N-Me-Leu;

Xaa'is any amino acid capable of forming a bond with Xaa™;

Xaa' is absent or sclected from the group consisting oft aromatic amivo acids, substituted
aromatic amino acids, and Tic;

Xaa'? is absent or selected from the group consisting of: aromatic amino acids, substituted
aromatic arnino acids, Glu, D-Glu, homoGhu, Asp, D-Asp, D-homoGlu, Gla, beta-homoGly,
Tic, Aic, Gln, Cit, Gla(OMe), Asn, D-His, Tic, Phe(3-COOH), D-Arg, Bip, B-Trp, Phe, D-
Phe, DB-Val, B-Thr, D-Tyr, D-Lys, D-lle, D-His, N-Me-Ghu, N-Me-Asp, alpha-homoGls,
Biphenyl-Gly, Biphenyl-Ala, Homo-Phe, D-1-Nal, D-2-Nal, Thr, and Val, and corresponding
D-amino acids and isosteres;

Xaa' is absent or Pro or any amino acid; and

Xaa'" is sclected from the group consisting oft any amtino acid with an amine side chain, Lys,
D-Lys, N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap, HorooLys, D-Dap, D-Dab, D-Om, Cys,
HomoCys, Pen, D-HomoCys, D-Cys, D-Pen, Asp, Glu, D-Asp, D-Glu and HomoSer, Asp,
Giu, homoGly, B-Asp, D-Glu, D-homoeGiu, N-Me-Glu, N-Me-Asp, N-Me-D-Gly, and N-Me-
D-Asp.

16G136] In certain embodiments of Formula (1), Xaa' is Asp, D-Asp, or N-Me-Asp.
In certain embodiments of Formula ([}, Xaa' is Asp, Asp{OMe) or N-Me-Asp. In certain
embodiments, Xaa' is Asp or N-Me-Asp. In certain embodiments, Xaa' is Asp.

{G03137] In certain embodiments of Formula (1), Xaa'' is selected from the group
consisting of Tic, Phe(Z~carbomyl), Phe(3-~carbomyl), Phe(4-COOH), Phe(4-OMe), Phe(4-
tBu), Phe(4-CF;), Phe(3-CF3), Phe(CF3), homo-Phe, D-Phe, Phe(2,3-di-Ch, Phe(3,4-di-C1),
N-Me-Tyr, N-Me-Phe, Phe(4-F), Phe(3-F), Phe(4-Me), Phe(3-Me), Phe(2-Me), Phe(3,4-di-
Me}, Phe(2,4-di-Phe), beta-MethylPhe, and biphenyl-Ala.
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{6G138] in particular embodiments of Formula (13, Xaa'’ is selected from the group
consisting of Aic, Glu, Cit, Ghu(OMe), Asn, D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp,
Phe, D-Phe, D-Val, D-Thr, B-Tyr, D-Lys, D-lle, D-His, N-Me-Glu, N-Me-Asp, alpha-
homoGlu, Biphenyi-Gly, Biphenyl-Ala, Homo-Phe, D-1-Nal, D-2-Nal, Thr, and Val.

{86139] In particalar embodiments of Formula (), Kaa'? is selected froro the group
consisting of aromatic amino acids, substituted aromatic amino acids, Glu, D-Glu, homoGlu,
Asp, B-Asp, D-homoGlu, Gla, beta-homoGlhu, Tic, and corresponding D-amino acids and
1508tCTes.

100146 in particular embodiments of Formula (1), Xaa'? is selected from the group
cousisting of: any amino acid with an amine side cham, Lys, D-Lys, N-Me-Lys, D-N-Me-
Lys, Orn, Dab, Dap, homolLys, D-Dap, D-Dab, D-Orn, Cys, homoCys, Pen, D-homoCys, D-
Cys, and D-Pen.

{00141} In particular embodiments of Formula (1), Xaa'! is selected from  the group
consisting of: any aming acid with an amine side chain, Lys, D-Lys, N-Me-Lys, D-N-Me-
Lys, Orn, Dab, Dap, homolLys, D-Bap, D-Dab, Cys, homoCys, Pen, and D-Ormn.

[00142] In onc embodiment of Formula (1), Xaa'' is selected from the group
consisting oft any amino acid with an amine side chain, Lys, D-Lys, N-Me-Lys, B-N-Me-
Lys, Orn, Dab, Dap, HomoLys, D-Dap, D-Dab, D-Om, Cys, HomoCys, Pen, D-HomoCys,
D-Cys, D-Pen, Asp, Glu, D-Asp, D-Glu and HomoSer.

100143] fu another embodiment of Formula (1), Xaa'? is sclected from the group
consisting of: Asp, Glu, homoGly, D-Asp, D-Glu, D-homoGlu, N-Mc-Glu, N-Me-Asp, N-
Me-D-Glu, and N-Me-D-Agsp.

[60144] In particular embodiments of Formula (1), the two C-terminal amivo acids
of each subunit of a peptide dimer compound possess acid functionality, and they are linked
through retroinverse Huking by a diamine linker.

{66145 In particular crabodiments of Forrmula (1), Kaa® is selected from the group
consisting of Cit, Phe(d-carbomyl), and N-Me-homoArg; Xaa® is selected from the group
consisting of Leu, homoLey, Nie and Val; Xaa is sclected from the group consisting of: Cha,
homoLeu, and Cpa; Xaa'' is sclected from the group consisting of Tic, Phe(2-carbomyl),

Phe(3-carbomyl), Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu); Xaa' is selected from the
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group consisting of Aic, Gin, Cit, Glu(OMe), D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Tip,
Phe, D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal, Thr, and Val; or Xaa" is Pro.

{80146} In particular embodiments of Formula (I), Xaa® is selected from the group
consisting of Cit, Phe(d-carbomyl), and N-Me-homoArg. In particular embodiments of
Formula (1), Xaa® is selected from the group cousisting of Leu, horoLeu, Nie and Val. In
particular embodiments of Formula (1), Xaa’ is sclected from the group consisting of: Cha,
homoLen, and Cpa. In particular embodiments of Formula (1), Xaa'' is selected from the
group consisting of Tic, Phe(l-carbomyl), Phe(3-carbornyl), Phe(4-COOH), Phe(4-OMe),
and Phe(4-tBu). In particular embodiments of Formula (1), Xaa'’ is selected from the group
consisting of Aic, Gln, Cit, Gh(OMe), D-His, Tic, Phe(3-COOH), D-Arg, Bip, B-Trp, Phe,
D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal, Thr, and Val. In particular cmbodiments of Formula
(), Xaa" is Pro.

[60147] In particular crbodiments of Formula (I), Xaa'' is selected from the group
consisting of Tic, Phe(2-carbomyly, Phe(3-carbomyl), Phe(4-COCH), Phe(4-OMe), Phe(4-
tBu}y, Phe(4~CFi), Phe(3-CFs), Phe(CFs), homo-Phe, D-Phe, Phe(2,3-di-Cl), Phe(3.4-di-Cl,
N-Me-Tyr, N-Me-Phe, Phet(4-F), Phe(3-F), Phe(4-Mc), Phe(3-Me), Phe(2-Me), Phe(3,4-di-
Mey, Phe(2,4-di-Phe), beta-MethylPhe, or biphenyl-Ala.

[60148] In particular crmbodiments of Formula (I), Xaa'? is selected from the group
consisting of Aie, Gln, Cit, Glu{OMe), Asn, D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp,
Phe, B-Phe, D-Val, B-Thr, D-Tyr, B-Lys, B-Ile, B-His, N-Me-Gla, N-Me-Asp, alpha-
homoGlu, Biphenvl-Gly, Biphenyl-Ala, Homo-Phe, D-1-Nal, D-2-Nal, Thr, and Val.

{(3149] In particular embodiments of Fornula (1), Xaa’ is Asp, D-Asp or N-Me-Asp:
Xaa® is selected from the group consisting of Gin, Ser, Asp, Pro, Gly, Ala, Phe, Glu, He, Val,
N-butyl Ala, N-pental Ala, N-hexyl Ala, cyclobutyl Ala, Leu, Nle, Cbe, homoleu, Aoc, and
N-Me-Leu: Xaa'’ is absent or selected from the group consisting of: aromatic amino acids,
substituted aromatic amino acids, Glu, D-Glu, homoGlu, Asp, D-Asp, D-homoGlu, Gla, beta-
homoGhy, Tic, and corresponding D-amino acids and isosteres; Xaa'' is absent or Pro; and
Xaa' is selected from the group consisting of: any amino acid with an arvine side chain, Lys,
D-Lys, N-Me-Lys, D-N-Me-Lys, Om, Dab, Dap, Homoblys, D-Dap, D-Dab, D-Om, Cys,

Homo{ys, and Pen.
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{B015¢] In particular embodiments of Formula (1), Xaa' is Asp, Asp(OMec) or N-Me-
Asp.
{00151} In certain embodiments, the amino acid directly C-terminal to Xaa'® is

selected from aromatic amino acids, substituted aromatic amino acids, and Tic. In certain
embodiments, the amino acid directly C-torminal to Xaa'® is an arorsatic amino acid. In
certain embodiments wherein the compound is a peptide dimer, Xaa'" is Lys, D-Lys, N-Me-
Lys, D-N-Me-Lys, Orn, Dab, Bap, homolys, B-Dap, D-Dab, or B-Orm.  In certain
embodiments, Xaa'' is Cys, homoCys, or Pen. In certain embodiments, Xaa't or the C-
terminus comprises an NH; or an OH.

[B6182] In certain embodiments, a free amine in the C-terminal amino acid s
capped, ¢.g., with an acetyl group.

{66153} In certain embodiments of any of the formulas described herein, Xaa',
Xaa® or Xaa® can only be Ac when located at the N-terminus of the peptide compound, ¢.g.,
bound to the N-terminal amino acid of the peptide compound. In particular embodiments of
any of the cormpounds of any of the various fornmulas described herein, Xaa' is Ac, and Xaa?
and Xaa® are both absent or any amino acid.

{68154] In certain embodiments, Xaad andXaal( are amino acid residues capable
of binding to cach other. Amine acids capable of binding to cach other arc known in the art,
and various examples of specific amino acid residues that bind to cach other and the bonds
formed are described herein, Tu particular embodiments, Xaa® and Xaa'” are capable of
binding cach other via a covalent bond. In certain embodiments, the covalent bond oceurs
through side chain groups on Xaa' and Xaa''. In particular embodiments, the bond is a
disulfide bond.

{B0155] In certain embodiments of any one of Fornula (I} (including any of I-A, 1-
B, i-C, I-D, IE, I-F, 1-G, I-H, and 1), one or both peptide dimer subunit{s} comprises an
intramelecular bond between Xaa' and Xaa'®, In cortain embodiments of any one of Formula
{th) (including H-A), Formula (i), Formula (A}, Formula (B}, Formula (C), or Formula (),
one or both peptide dimer subunit(s) comprises an intramolecular bond between Xaa' and
Xaa'. In certain embodiments, the bond is a disulfide bond, a lactam bond, an olefin bond, a
triazole, a selenocther, or a diselenide bond. In certain embodiments, the bond occurs directly

between the two amino acid residucs.
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{601 56] In certain embodiments of Formula (1), Xaa® is selected from the group
consisting oft Cys, Pen, HomoCys, D-Cys, DB-Pen, D-HomoCys, Asp, Glu, HomoGhy, B-Asp,
p-Gha, Lys, HomoLlys, Orn, Dap, Dap, Z-allylglycine, 2-(3-butcnybiglycine, 2-{4-
pentenybglyeine, or 2-(5-hexenyhglycine, corresponding D-amino acids and sutiable
isosteres, and Xaa'® is selected from the group cousisting of Cys, Asp, Lys, Glu, Pen,
HomoAsp, HomoGlu, HomoCys, D-Cys, D-Pen, HomoLys, Orn, B-Asp, B-Glu, Dap, Dab,
D-HomoCys, Z-allylglycine, 2-(3-butenybglycine, 2-{(4-pentenylglyeine, or 2-(5-
hexenylglyeine, corresponding D-anuno acids and suitable 1sosteres.

{86157] In certain embodiments of Formula (1), a peptide subunit comprises a
disulfide bond between Xaa® and Xaa', and Xaa' and Xaa'® are each sclected from the group
consisting of: Cys and Pen. In certain embodiments, both Xaa® and Xaa'” are Pen.

G031 58] In certain embodiments of Formula (1), Xaa' is selected from the group
consisting of Asp, homoAsp, Glu, and homoGlu, homoLys, and Xaa® is selocted from the
group consisting of Lys, Dap, Dab, homoLys, O, and homoGhu.  In certain embodiments,
Xaa' is selected from the group consisting of Lys, Dap, Dab, homoLys, O, and borsoGla,
and Xaa® is sclected from the group consisting of Asp, homoAsp, Glu, homoGlu, and
homolys.

{00159] In certain embodiments of Formula (1), Xaa® is selected from the group
consisting of Asp, homoAsp, Giu, homoGlu, andhomoLys, Xaa' is selected from the croup
cousisting of Lys, Dap, Dab, homoLys, Orn, and HGly, and Xaa' and Xaa'® arc cyclized
through an anmide bond.

{(63160] In certain embodiments of Formula (I} wherein  a peptide subumnit
comprises an olefin bond between Xaa® and Xaa', Xaa® and Xaa'® are cach selected from the
group consisting oft 2-allylglycine, 2-(3-butenyliglycine, 2-(4'-pentenyliglycine, or 2-{5'-
hexenyhigiyeine, and the peptide is cyelized via ring closing methasis to give the
corresponding olefin / “stapled peptide.”

{G0161] In certain embodiments of Formula (1), Xaa® is Cys, Pen, homoCys, D-
Pen, D-Cys or D-borooCys. In certain embodiments, Xaa'® is Cys, Pen, homoCys, D-Pen, D-

Cys or D-homoCys.
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{68162} In certain embodiments of Formula (13, Xaa® and Xaa'® are each B-azido-
Ala~-OH or propargylgiycine, and the peptide dimer subunit{s) s cyclized through chck
chernistry leading to a triazole ting.
{86163 In particular embodiments of Formula (I3, the intramolecular bond 15 a
disulfide bond or a lactam bond.
{30164} In some embodiments, the N-terminal or C-terminal amino acids of both
peptide monomer subunits of a peptide dimer, e.g., Xaa', Xaa’, Xaa', Xaa'" Xaa", Xaa" or
Xaa'!, are modified with a suitable linker moicty to form a homo- or hetero-dimer molecule,
wherein Formula (I) comprises a dimer formed from two subunits joined by a suitable C- or
N-terminal finker,
{(G165] In one aspect, the present invention provides a peptide dimer compound
comprising two linked subunits of Formula (')

Kaa'-Kaa*-Xag'-Xaa'-Xaa -Xaa'-Xaa -Xaa - Xaa’-Xaa'"-Xaa''-Xaa'*-Xaa"'-Xaa"’

(Formmula I’}

{00166} or a pharmaceutically acceptable salt thereof, wherein:

{66167} Xaa' is absent, Ac, or any amino acid;

{6G168] Xaa’is absent, Ac, or any amino actd;

[66169] Xaa® is absent, Ac, or any amino acid;

{00176] Xaa® is any amino acid capable of forming a bond with Xaa'";

190171} Xaa® is selected from the group consisting of N-Me-Arg, Arg, N-Me-Lys,

Phe(4-guaniding), Phe(d-carbomyl), Cit, Phe{4-NH;), N-Me-homoArg, homoArg, Tyr, Dap,

[ab, Arg-Me-sym, Arg-Me-asym, Phe(4-guaniding), Cav, and His;

166172} Xaalis Ser, Gly, Thr, or He;
{80173} Xaa'is Asp or D-Asp, Asp{OMe), or N-Me-Asp;
186174 Xaa® is selected from the group consisting of: Thr, Val, Ile, Leu, homoleuy,

Homobeu, Gln, Ser, Asp, Pro, Gly, His, Ala, Phe, Lys, Arg, Asn, Glu, Tyr, Trp, Met, Nie,
and N-methyl amino acids, inchuding N-Me-Thr,

{B8175] Xaa® is selected from the group consisting of: Glo, Ser, Asp, Pro, Gly, Ala,
Phe, Glu, lle, Val, N-butyl Ala, N-pentyl Ala, N-hexyl Ala, cyclobutyl Ala, cyclopentylAla,
Leu, Nle, Cpa, Cha, homoleu, Aoc, and N-Me-Leu;

10 . . . . .
{66176} Xaa  1s any amino acid capable of formung a bond with Xaa™;
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{60177} Xaa'' i3 absent or selected from the group consisting of: aromatic amino acids,
substituted aromatic amino acids and Tic;

{60178] XKaa'? i3 absent or sefected from the group consisting of: aromatic amino acids,
substituted aromatic amino acids, Glu, B-Glu, homoGlu, Asp, D-Asp, D-homoGlu, Gla, beta-

homoGla, Tic, and corresponding D-amino acids and suitable 1sosteres;

{66179) Xaa'” is absent or Pro; and
{G03180] Xaa'" is selected from the group consisting oft any amino acid with an amine

stde chain, Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap, homoLys, D-Dap, D-Dab,
Cys, homoCys, Pen, and D-0Om.

{36181} In particular embodiments of peptide dimer compounds comprising peptide
monemer subunits of Formula ("), Xaa® and Xaa'® are linked via an intramolecular bond,
e.g.,a disulfide bond, a lactam bond, an olefin bond, a triazole bond, a selencether bond, ora
disclenide bond.

{00182} In certain embodiments of Formula (1), Xaa is selected from the group
cousisting of Cit, Phe(4-carbomyl ), and N-Me-homoArg; Xaa® is selected from the group
consisting of Leu, homoLeu, Nie and Val; Xaa’ is selected from the group consisting of? Cha,
homoLen, and Cpa; Xaa'' is selected from the group consisting of Tie, Phe(2-carbomyl),
Phe(3-carbomyl), Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu); Xaa'? is sclected from the
group consisting of Aic, Gln, Cit, Glu{OMe), D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp,
Phe, D-Phe, -Val, -Thr, D-1-Nal, D3-2-Nal, Thr, Val; or Xaa' is Pro.

[30183] In various cmbodiments, any of the further hmitations described for
Formula (I} may be present in Formula {I). Reference throughout to embodiments of
Formula (I) also apply to any alternative enbodiments of Formula (1) and also to Forraula 1
{00184] In one aspect, the present invention provides a peptide dimer compound
comprising two linked subunits of Formula (H}:

- 1 2 3nr 4 xS 6 7 8 w6 < 10
Xaa ~-Xaa-Xaa -xXag ~Xag -xXag -xaa -Xaa -Xag -xXaa

{Formula (1)
[60185] or a4 pharmaceutically acceptable salt thereot,
{60186] wherein one or both subunits of the peptide dimer compound comprises a

disulfide bond, a lactam bound, an olefin bond, a triazole bond, a selenoether bond, or a

. . ~ 1 7 ~ .
diselenide bond between Xas™ and Xaa', and further wherein Formula (11 represents a
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monomer subunit of a dimer molecule, the monomer subunits are linked to form a dimer
molecule in accordance with the present invention, and wherein Xaa'-Xaa'® of Formula (ID)
correspond to Xaa'-Xaa of Formula (1).

{00187} In particular embodiments of Formula (I1), Xaa' and Xaa’ are both Cys or
Pen; in particular embodiments, both Xaa' and Xaa' are Pen.

{GO188] In particular embodiments of Formula (1), Xaa' is selected from the
gronp cousisting oft any amino acid with an amine side chain, Lys, D-Lys, N-Me-Lys, B-N-
Me-Lys, Om, Dab, Dap, HomoLys, D-Dap, D-Dab, D-Om, Cys, HomoCys, Pen, D-
HomoCys, D-Cys, D-Pen, Asp, Glu, D-Asp, D-Glu and HomoSer.

130189] fu particular erbodiments of Formula (1D, Xaa'’ is selected from the
group consisting oft any amino acid with an amine side chain, Lys, D-Lys, N-Me-Lys, D-N-
Me-Lys, Om, Dab, Dap, HomoLlys, D-Dap, D-Dab, D-Or, Cys, HomoCys, Pen, D-
HomoCys, D-Cys, and D-Pen.

166196] In certain embodiments of Formula (I}, Xaa® is selected from the Sroup
cousisting of Cit, Phe(d-carbomyl), and N-Me-homoArg; Xaa® is selected from the group
consisting of Leu, HomoLeu, Nl and Val; Xaa® is selected from the group consisting of:
(ba, HomoLeu, and Cpa; Xaa® is selected from the group consisting of Tic, Phe(2-carbomyl),
Phe(3-carbornyl), Phe(4-COOH), Phe(4-OMce), and Phe{(4-tBu}); Xas® is sclected from the
group consisting of Aic, Gln, Cit, Glu{OMe), D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp,
Phe, D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal, Thr, Val, or Xaa' is Pro. In ceriain
embodiments of Formula (1), Xaa’ is sclected from the group cousisting of Cit, Phe(4-
carbomyl), and N-Me-homoArg. In certain embodiments of Formula (1), Xaa® is sclected
from the group consisting of Leu, HowoLeu, Nie and Val In certain embodiments of
Formula {11}, Xaa® is sclected from the group consisting of: Cba, HomoLeu, and Cpa. In
certain embodiments of Formula (1), Xaa® is selected from the group consisting of Tic,
Phe(2-carbomyl), Phe(3-carbomyly, Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu). In certain
embodiments of Formula (11}, Xaa’ is sclected from the group consisting of Aic, Gln, Cit,
Ghu{OMe), D-His, Tic, Phe(3-COOH), B-Arg, Bip, D-Trp, Phe, B-Phe, D-Val, D-Thr, D-1-
Nal, D-2-Nal, Thr, Val. In certain embodiments of Formula (1), Kaa'” is Pro.

106191} In particular embodiments, one or both subunit of Formula (1) and Formula

(I} comprises a disulfide bond, a lactarn bond, an olefin bond, a triazole bond, a sclenoether
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bond, or a disclenide bond between Xaa® and Xaa'' of Formula (I), or Xaa' and Xaa' of
Formula (I1). Tn particular embodiments, the ntramolecular bond is a disulfide bond or a
iactam bond. In certain cmbodiments, a peptide dimcr comprises onc oF MoOre MonNoOmMer
subunits selected from of any one of Formula (1) (inchuding any of I-A, I-B, I-C, I-D, E| I.F,
-G, I-H, - and -3}

{66192} In one embodiment of Formula (1), herein referred to as Formula (1-A),
Xaa' is absent, Ac, or any amino acid;

Xaa’is abscnt, Ac, or any amino acid;

Xaa'is absent, Ac, or any amino acid;

Xaa® is Per;

Xaa® is selected from the group consisting of Arg, N-Me-Arg, Arg, N-Me-Lys, Phe(4-
guanidine), Phe(d-carbomylamine), Cit, Phe(4-NH,), N-Me-HomoArg, HomoArg, Tyr and
His;

Xaa® is Ser, lle, Giy or Thr;

Xaa'is Asp, D-Asp or N-Me-Asp;

Xaa® is selected from the group consisting of: Thr, Val, Hle, Leu, homoLeu, Nie, and Vak;
Xaa® is sclected from the group consisting of: Leu, Nle, Upa, Cha, Homoleu, He, cyclobutyl
Ala, cyclopentylAla, Aoc, and N-Me-Lew;

Xaa''is Pen;

Xaa' is absent or sclected from the group consisting oft Trp, Phe, 2-Nal, 1-Nal, Tyr, His,
Phe(4-F), Phe(4-CFy), Phe(4-CHs), Phe(4-tBu), Bip, Phe{4-COOH), Gly, 3.3-DiPhenyiGly,
3,3-diPhenyiAla, Tic, B-homoTrp, D-1-Nal, B-2-Nal, Phe(2,4-di(C1}, Phe(3,4-4iCl), Phe(4-
carbomyly, Phe(3-carborayl), Phe(2~carbomyl), Tyr{Me), homoPhe, N-Me-Phe, N-Me-Tyr,
Ser, Sar, 2,3-dihydroTrp, lie, Leu, Ser, Arg, and Thr;

p

Xaa'" is absent or selected from the group consisting of Glu, D-Glu, homoGlu, Asp, D-Asp,
D-homoGhu, D-Asp, Gla, beta-homoGlu, corresponding D-amino acid, any aromatic amino
acid, and isosteres thereof,
Xaal® is absent or any amino acid; and

14 . ) o~ , ) s o . - . .~ . )
Xaa " 18 selected from the group consisting of! any amino acid with a free amino group on a
side chain, Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, O, Dab, Dap, HomolLys, D-Dap, I»-Dab,
or B-Orn.
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{60193} In certain embodiments of Formula (1-A), Xaa® and Xaa'’ are linked, c.p.
via a disulfide bood.

{00194] In certain embodiments of Formula (I-A), Xaa' is Asp or N-Mc-Asp.
166195] In ong embodiment of Formula (1), herein referred to as Formula (§-B),
¥aa! is absent, Ac, or any amino acid;

Xaa”is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any aming acid;

Xaa'is Pen;

Xaa’is N-Me-Arg;

Xaa®is Ser;

Xaa'is Asp or D-Asp;

Xaa® is selected from the group consisting of: Thr, Val, He, Leu, homelcu and Nie;

Xaa® is selected from the group consisting of) Leu, Nle, Cpa, Cha, homoLeu, Acc, and N-Me-
Leu;

Xaa'is Pen;

XKaa'! is selected from the group consisting of Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CFz), Phe{4-CH;), Phe(4-tBu), Bip, Phe(4-COOH), Gly, 3,3-diPhenyliGly, 3.3-
diPhenylAla, Tic, B-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diCl), Phe(3,4-diCl), Phe(4-
carboniyl), Phe(3-carbomyl), Tyr(Me), homoPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar, 2,3-
dibydroTrp, He, Leu, Ser, Arg, and Thr;

Xaa'” is selected from the group consisting of any aromatic amino acid, Glu, D-Glu,
homoGh, Asp, D-Asp, D-homoGlu, Gla, beta-homoGle, corresponding DB-amino acid and
isosteres thereof]

Xaa'? is absent or any amino acid; and

Xaa'! is selected from the group consisting oft Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn,
Dab, Dap, HomoLys, D-Dap, D-Dab, and D-Om.

{33196} In certain embodiments of Formula (1-B), Xaa" and Xaa'" are linked, e.g.
via a disulfide bood.

166197] In certain embodiments of Formula (1-B), Kaa' is Asp.

{B0198] In ong embodiment of Formula (1), herein referred to as Formula (3-C),

;1. . .
Xaa 18 absent, Ac, or any amino acid;
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Xaa”is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any amino acid;

Xaa'is Pen;

Xaa’is N-Me-Arg;

Xaa®is Ser;

Xaa'is Asp or D-Asp;

Xaa®is selected from the group consisting of: Thr, Val, He, Len, homoLen and Nie;

Xaa® is selected from the group consisting of! Leu, Nie, Cpa, Cba, Homoleu, Aocc, and N-
Me-Leu;

Xaa'is Pen;

Xaa'' is sclected from the group consisting of. Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F},
Phe(4-CFz), Phe(4-CHs), Phe(d-tBuy, Bip, Phe(4-COOH), Gly, 3.3-DiPhenyiGly, 3.3-
DiPhenyl Ala, Ti¢, B-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diCl), Phe(3,4-diC1), Phe(4-
carbomyl), Phe(3-carbomyl), Tyr{(Me), HomoPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar, 2,3-
dibydroTrp, He, Leu, Ser, Arg, and Thr;

Xaa'? is selected from the group consisting of! Glu, D-Glu, homoGlu, Asp, D-Asp, D-
homo(Gluy, Gla, beta-homoGly, corresponding D-amino acid and any aromatic amino acid and
corresponding 1sosteres thereof]

Xaa'? is absent or is any amino acid; and

Xaa' is selected from the group consisting of Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, O,
Dab, Dap, HomoLys, D-Dap, D-Dab, and D-Om.

{(03199] In certain embodiments of Formula (1-C), Xaa' and Xaa' are linked, e.g.
via a disuifide bond.

{002006] In certain embodiments of Fornmla (1-C), Xaa' is Asp.

100261} In ong embodiment of Formula (1), herein referred to as Formula (3-D},
Xaa' is absent, Ac, or any amino acid;

Kaa’ is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any amino acid;

Xaa'is Pen;

Xaa’is N-Me-Arg;

e 6 M
Xaa® 18 Ser;
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Xaa'is Asp or D-Asp;

Xaa'is Thror V al;

Xaa® is sclected from the group consisting of) Leu, Nle, Cpa, Cha, homoLeu, Acc, and N-Me-
Leu:

Xaa'is Pen;

Xaa'! is selected from the group consisting of. Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F},
Phe(4-CF3), Phe(4-CH3). Phe(4-tBu), Bip, Phe(4-COOCH), Gly, 3,3-DiPhenyi(ly, 3.3-
DiPhenylAla, Tie, b-hormoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diCl), Phe(3.,4-diCl), Phel(d-
carbomyl), Phe(3-carbomyl), Tyr{Me), HomoPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar, 2,3-
dibydroTrp, He, Leu, Ser, Arg, and Thr;

Xaa'” is absent or selected from the group consisting of: any arematic amino acid, Glu, D-
Giu, homoGlu, Asp, B-Asp, D-homo(iu, Gla, beta-homoGlu, corresponding D-amino acid
and isosteres thereof,

Xaa'’ is absent; and

Xaa' is selected from the group consisting of Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, O,
Dab, Dap, HomoLys, D-Dap, D-Dab, and D-Om.

{66202} In certain embodiments of Formula (1-13), Xaa® and Xaa' are linked, e.g. viaa
disulfide bond.

166203 In certain embodiments of Formula (1-D), Xaa' is Asp.

100204] In one embodument of Forroula (1), heretn referred to as Formoula (I-E),

Xaa' is absent, Ac, or any amino acid;

Kaa’ is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any amino acid;

Xaa" is Pen;

Xaa’is N-Me-Arg;

Xaa®is Ser;

Xaa' is Asp or D-Asp;

Xaa'is Thror V al;

Xaa” is selected from the group consisting of: Leu, Nie, Cpa, Cba, homoLeu, Aocc, and N-Me-
Lew;

SR
Xaa 1s Pen;
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Xaa'! is selected from the group consisting of. Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F},
Phe(4-CFq), Phe(4-CHs). Phe(d-tBuy, Bip, Phe(4-COOH), Gly, 3.3-DiPhenyiGly, 3.3-
DiPhenylAla, Tic, P-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diCh, Phe(3.,4-dilly, Phe(4-
carbomyl), Phe{3-carbomyl), Tyr(Me)}, homoPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar, 2,3-
dibydroTrp, He, Leu, Ser, Arg, and Thr;

Xaa'” is absent or selected from the group consisting of: any arematic amino acid, Glu, D-
Glu, and beta-homoGlu;

Xaa' is absent; and

Xaa'! is selected from the group consisting oft Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn,

Dab, Dap, Homolys, D-Dap, D-Dab, or D-Orm.

{66205) In certain embodiments, Xaa' and Xaa'’ are linked, e. g viag a
disulfidebond.

[66206] In certain embodiments of Formula (I-E}, Xaa' iy Asp.

166207] In one embodiment of Formula (I}, herein referred to as Formula (I-F},

¥aa! is absent, Ac, or any amino acid;

Xaa® is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any aming acid;

Xaa'is Pen;

Xax’ is N-Me-Arg;

Xaa®is Ser;

Xaais Asp or D-Asp;

Xaa®is Thr or Val:

Xaa' is Leu;

Xaa''is Pen;

Xaa' is selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CFy), Phe(4-CHs), Phe(4-tBu), Bip, Phe(4-COOH), Gly, 3.3-DiPhenyiGly, 3.3
diPhenyl Ala, Tic, b-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diCl), Phe(3,4-4iChH, Phe(4-
carbomyly, Phe(3-Carbomyl), Tyr{Me), HorooPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar, Dihydro
Trp, He, Leu, Ser, Arg, and Thr;

Xaa'" is selected from the group consisting of: any aromatic amino acid, Glu, D-Gly, beta-

homoGlu, corresponding D-amino acid, and isosteres thereof]
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Xaais absent; and

Xaa'’ is selected from the group consisting oft Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn,
Dab, Dap, HomoLys, D-Dap, D-Dab, and D-Om.

{86208 In certain embodiments of Formula (I-F), Xaa't is selected from the group
cousisting of: Lys, D-Lys, N-Me-Lys, and D-N-Me-Lys.

{66209 In certain embodiments of Formula (I-F), Xaa® and Xaa'" arc linked, e.g.
via a disulfide or a lactam bond.

{00210] In certain embodiments of Formula (I-F), Xaa' is Asp.

{80211 In ong embodiment of Formula (1), herein referred to as Formula (3-G3,
¥aa! is absent, Ac, or any amino acid;

Xaa”is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any aming acid;

Xaa'is Pen;

Xax’ is N-Me-Arg;

Xaa®is Ser;

Xaais Asp or D-Asp;

Xaa®is Thr or Val:

Xaa® is Leu;

Xaa''is Pen;

Xaa' s selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CFy), Phe(4-CHy), Phe(4-iBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenyiGly, 3,3-
DiPhenyiAla, Tic, P-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diChH, Phe(3,4-di’l}, Phe(4-
carbomyly, Phe(3-carborayl), Tyr(Me), homoPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar, 2.3-
dihydroTrp, He, Leu, Ser, Arg, and Thr

Xaa'" is selected from the group consisting oft any aromatic amine acid, Ghy, D-Glu, and
beta-homoGhu;

Xaa' is absent; and

Xaa'’ is selected from the group consisting oft Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn,
Dab, Dap, HomoLys, D-Dap, D-Dab, or D-Om.

{86212 In certain embodiments of Formula (1-G), Xaa'! is selected from the group

consisting of: D-Lys, N-Me-Lys, and D-N-Me-Lys.
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{60213} In certain embodiments of Formula (I-G), Xaa® and Xaa'’ arc linked, ¢.p. viaa
disutfide bond.

00214] In certain embodiments of Formula (1-G), Xaa' is Asp.

100215] In ong embodiment of Formula (1), herein referred to as Formula (J-H},
¥aa! is absent, Ac, or any amino acid;

Xaa”is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any aming acid;

Xaa'is Pen;

Xaa’is N-Me-Arg;

Xaa®is Ser;

Xaa is Asp;

Xaa®is Thr or Val:

Xaa® is Leu;

Xaa''is Pen;

Xaa' s selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CF31), Phe(4-CHj), Phe(4-iBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenyiGly, 3,3-
DiPhenyiAla, Tic, b-homoTrp, D-1-Nal, D-2-Nai, Phe(2.4-diCl), Phe(3,4-di(l}, Phe(4-
carbomyl), Phe(3-carborayl), Tyr(Me), HomoPhe, N-Mce-Phe, N-Me-Tyr, Ser, Sar, 2.3-
dihydroTrp, He, Leu, Ser, Arg, and Thr;

Xaa'’ is selected from the group consisting of any aromatic amino acid, Glu, D-Glu, and
beta-homoGhu;

Xaa' is absent; and

Xaa'? is selected frors the group consisting oft D-Lys, N-Me-Lys, and D-N-Me-Lys.

186216 in certain embodiments of Formula (1-H}, Xaa" and Xaa'® are linked, e.g. via a
disulfide bond.
[66217] In one ernbodiment of Formmla (1), herein referred to as Formula (I-1),

a1 . . .

Xaa' is absent, Ac, or any amino acid;
2. . .

Xaa“ is absent, Ac, or any amino acid;

Xaa” is absent, Ac, or any amino acid,
4 M ) >

Xaa 15 Pen;

Xaa’ is N-Me-Arg;
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Xaa’ is Ser;

Xaa'is Asp or D-Asp;

Xaa®is Thr or Val;

Xaa’is Leu;

Xaa'is Pen;

Xaa'' is sclected from the group consisting of. Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F},
Phe(4-CFz), Phe(4-CHs), Phe(d-tBuy, Bip, Phe(4-COOH), Gly, 3.3-DiPhenyiGly, 3.3-
DiPhenylAls, Tic, B-homoTrp, D-1-Nal, D-2-Nal, Phe{2,4-diCl), Phe(3,4-diCl), Phe(4-
carbomyl), Phe(3-carbomyl}, Tyr(Me), and homoPhe;

Xaa'’ is selected from the group cousisting oft any aromatic amino acid, Glu, D-Glu, and
beta-homoGlu;

Xaa' is absent; and

Xaa'' is selected fror the group consisting off D-Lys, N-Me-Lys, and D-N-Me-Lys.

166218] In certain embodiments of Formula (I-1), Xaa® and Xaa' are linked, e.g.

via a disulfide bond.

100219] Tn certain embodiments of Formula (I-1), Xaa' is Asp.
{(0220] In one embodiment of Formulda (1}, herein referred to as Formula (1-J),

1. . )
Xaa is absent, Ac or any armino acid;
3 >
5 . . B
Xaa“~ is absent, Ac or any amino acid;
2 >
3. . .
Xaa™ 1s absent, Ac or any amino acid,
Xaa' is Pen;
.5 .
Xaa” is N-Me-Arg;
Xaa® is Ser;
M
, 7.
Xaa' is Asp;
- R—
Xaa  is Thr,
e 9 by
Xaa 1s Ley;
U
Xaa' "~ 15 Pen;
11 . p
Xaa  is Phe(4-tBu)
,.
Xaa'? is beta-homoGlu;
13 .
Xaa' is absent;

and Xaa'' is D-Lys.
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(66221} In particular embodiments, of Formula (1-J), Xaa® and Xaa'? are linked via
a disulfide bond, and the two monomer subunits are linked via a linker. In particular
embodicrents, they arc linked via their respective C-termini. In one embodiment, the linker
is DIG.

100222} In certain embodiments of any one of Formulas (1), (I-A), (I-B), (1-C), (-
Dy, (-8, (1-6), (1-G), (1-H), (1-1), or (I-1), Xaa'" is selocted from the group consisting of: Lys,
-Lys, N-Me-Lys, and D-N-Me-Lys.

{06223] In certain embodiments of any one of Formulas (1), (HI), (A}, (B), or (),
Xaa'" is selected from the group consisting of: Lys, D-Lys, N-Me-Lys, and D-N-Me-Lys.
100224] In certain embodiments of any one of Formulas (1), (I-A), (I-B), (1-C), (-
D), (-E), (-F), (1-G), (1-H), (1), or (1-3), Xaa'" is selected from the group consisting of: Lys,
-Lys, N-Me-Lys, and D-N-Me-Lys.

{00225] In slternative embodiments of any one of Formulas (1), (I-A), (i-B), (I-C),
(1-D), (I-E), (I-F), (1-G), (I-H), (I-1), or (I-1), Xaa'" is sclected from the group consisting of:
any aroino acid with an amine side chain, Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Om, Dab,
Dap, HomoLys, D-Dap, D-Dab, D-Orn, Cys, HomoCys, Pen, D-HomoCys, D-Cys, D-Pen,
Asp, Glu, B-Asp, B-Glu and HomoSer, Asp, Gly, homoGlu, D-Asp, D-Ghy, D-homoGlu, N-
Me-Glu, N-Me-Asp, N-Me-D-Glu, and N-Me-D-Asp.  In other alternative embodiments,
Xaa'! is selected from the group consisting of: Asp, Glu, homoGlu, D-Asp, D-Ghy, D-
homoGla, N-Me-Ghi, N-Me-Asp, N-Me-B-Glu, and N-Me-D-Asp. In  particolar
embodiments, of these aliernatives of Formula (1), (I-A), (I-B), (I-C), (-D), (I-E), (I-F), (-G},
{I-H}, (11}, or (1]}, the two C-terminal amino acids of cach subunit of a peptide dimer
compound possess acid functionality, and they are linked through retroinverse hinking by a
diamine linker.

{80226] In alternative embodiments of any one of Formuilas (11}, (111}, (A), (B), or
(C), Xaa'" is sclected from the group consisting of: any amino acid with an amine side chain,
Lys, D~Lys, N-Me-Lys, D-N-Me-Lys, Orm, Dab, Dap, HomoLys, D-Dap, D-Dab, D-Ormn,
Cys, HomoCys, Pen, D-HowoCys, D-Cys, D-Pen, Asp, Glu, B-Asp, D-Ghu and HomoSer,
Asp, Glu, homoGlu, D-Asp, D-Glu, D-homoGlu, N-Me-Glu, N-Me-Asp, N-Mec-B-Glu, and
N-Me-D-Asp. In other alternative embodiments, Xaa'” is selected from the group consisting

of: Asp, Glu, homoGlu, D-Asp, D-Glu, D-homoGlu, N-Me-Glu, N-Me-Asp, N-Me-D-Glu,
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and N-Me-D-Asp. In particular embodiments of these alternatives of Formulas (1), (1),
{A}, (B), or (C), the two C-terminal amino acids of each subunit of a peptide dimer
compound possess acid functionality, and they are linked through retroinverse linking by 2
diamine linker.

100227} In other embodiments, the present invention iuclades peptide divoers
comprising two peptide subunits of any one of Formulas {(I-A), (i-B), (I-C), (1-D), (1-E}, (I-F},
(1-G), (1-H), (1-D), or (I-1), but wherein one or both of the Pen residues at Xaa' and Xaa'' are
substituted with Cys. In particular crabodiments, both Pen residues at Xaa' and Xaa' arc
substituted with Cys. In particular embodiments, one or both subunits comprise a disulfide
bond between Xaa® and Xaa',

{B0228] In particular embodiments of any of Formulas (1}, (ID), (111 {I-A), (1-B}, (0-
Oy, (-, (0-E), (-8}, (-G, (-H, (-0, (-1, (A), (B), (C), (8), or related peptides, the two
peptide subunits are linked via their respective C-termini, e.g., via 8 linker bound to Xaa' or
Xaa'! of cach subunit.

186229] In particular embodiments of any of Forroulas (), (D), (I, ({-A), (I-B),
(I-C), (I-Dy, (I-E), (1-F), (1-G), (I-H), -1 or (-]}, (A), (B), (C), {8), or related peptides, the
two peptide subunits are linked via their respective N-termini, e.g., via a linker bound to
Xaa', Xaa®, or Xaa® of cach subunit.

{80236] In particular embodiments of any of Formulas (1}, (I-A), (I-B), (1-C), {(1-D),
(I-E), (I-F), (1-G), (1-H), (1-1) or (1-1), or related peptides, Xaa' is Ac, and Xaa® and Xaa® are
absent or any amine acid. In certain embodiments, Xaa' and Xaa® arc absent and Xaa® is Ac.
{00231} In particular embodiments of any of Formulas {1}, (1-A), (1-B)}, (1-C}, (1-D},
(I-E), (-F), (I-:G), (-H), (0-D) or (I-1}, or related peptides, any one or more of Xaa', Xaa®, or
Xaa® is sclected from the group consisting of: any amino acid with an amine side chain, Lys,
D-Lys, N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap, HomoLys, D-Bap, D-Dab, Cys, homoCys,
Pen, and D-Orn. In particular embodiments when Xaa', Xas® or Xaa® arc sbsent, the two
monomer subunits of the peptide dimer compounds are linked with c-~-amine of the N-
terminal amivo acid. In particular evobodiroents, the two sununits are hinked with side chan
amine, thio group or any functionality capable of linking through the linker of anuno acid or
the a~-amine group of Xaa', Xaa® or Xaa'. In particular embodiments, Xaa', Xaa® or Xaa® is

D-Lys, N-Me-Lys, or D-N-Me-Lys. In particular embodiments, Xaa', Xaa® or Xaa® is D-Lys,
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N-Me-Lys, or D-N-Me-Lys, and is located at the N-terminus of the peptide.  In particular
embodiments, both subunits of a peptide dimer compound comprise an Xaa', Xaa® or Xaa®
sclected from one of these residucs, and the two subunits are Hoked via their respective N-
termini.
100232} In particular embodiments of any of Formulas (1), (I-A), (I-8), (1-C), (-
D), (1-E), (-F), (1-G), (I-H), (I-1) or (I-1, or related peptides, any one or more of Xaa', Xaa®,
or Xaa is sclected from the group consisting of any amino acid with an amine side chain,
Lys, D-Lys, N-Me-Lys, D-N-Mc-Lys, Orm, Dab, Dap, HomeoLys, D-Dap, D-Dab, D-Orm,
Cys, HomoCys, Pen, B-HomoCys, D-Cys, D-Pen, Asp, Glu, B-Asp, B-Gluy and HomoSer,
Asp, Ghy, homoGlu, B-Asp, D-Glu, D-homoGla, N-Me-Glu, N-Me-Asp, N-Me-D-Ghy, and
N-Me-D-Asp. In particular embodiments, this residue is located at the N-termimus of the
peptide. In certain embodiments, Xaa', Xaa® or Xaa’ is selected from the group consisting of:
Asp, Glu, homoGlu, D-Asp, D-Glu, D-homoGlu, N-Me-Glu, N-Me-Asp, N-Mec-B-Glu, and
N-Me-D-Asp. In particular embodiments, this residue is located at the N-terminus of the
peptide. fo particular erobodivoents, the two N-terminal amino acids of each subumit of a
peptide dirmer compound possess acid functionality, and they are linked through retroinverse
linking by a diamine linker. In particular embodiments, both subunits of a peptide dimer
compound comprise an Xaa', Xaa® or Xaa® sclected from onc of these residucs, and the two
subunits are linked via their respective N-termini.
100233] In particular erabodirsents of any of Formulas (1), (I-A), (-B), (I-C), (1-D),
(I-B), (I-F), (-G}, (I-H), (I-D) or (I-1), or related peptides including monomer subunits thereof,
Xaa® and Xaa' are Pen, and Xaa® is N-Me-Arg. In further embodiments of any of these
formulas or peptide, Xaa® and Xaa'® are Pen, Xaa® is N-Me-Arg, and Xaa'' is selected from
the group consisting of Tic, Phe(2-carbomyl), Phe(3-carbomyl}, Phe(4-COOH), Phe(4-OMe),
and Phe(4-tBu).
100234] In certain embodiments of any one of Formwlas (IF), (HI), (A), (B), or {C},
Xaa'’ is selected from the group consisting of: Lys, D-Lys, N-Me-Lys, and 3-N-Me-Lys.
[B6235] fn oue embodiment, a peptide dimer cowpound or peptide monowmer
compound of the present invention coraprises one or more peptide subunits of Formula (A):
Xaa'-Xaa’-Xaa'-Xaa'-Xaa -Xaa’-Xaa -Xaa'-Xaa -Xaa"’

{(Formula (A)}
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{60236] or a pharmaceutically acceptable salt thereof,

166237} wherein

Xaa' is Cys or Pen;

Xaa® is N-Methyl-Arg;

Xaa' is Ser;

Kaa® is Asp;

Xaa® is Thr or Val;

¥aa® is Lew or Nie;

Xaa' is Cys or Pen;

Xaa® is Trp, Tic, Bip, 1-Nal, 2-Nal, Phe(4-tBu), Phe, Tyr, or Phe(4-COOH);

Kaa” is Glu, B-homoGlu, or D-Glu, and

Xaa'’ is any amino acid,

106238] wherein the peptide molecule comprises a disulfide bond between Xaa'
and Xaa'.

100239] fu particular erobodiments of Formula (A), Xaa'® is D-Lys, N-Me-Lys or
N-Me-D-Lys. In particular embodiments, Xaa' and/or Xaa' are Pen. In certain embodiments
of Formula (A), Xaa'® is selected from the group consisting of: any amino acid with an amine
stde chain, Lys, D-Lys, N-Me-Lys, D-N-Mc-Lys, Orn, Dab, Dap, HomoLys, D-Dap, D-Dab,
Cys, homoCys, Pen, and D-Om,

100240] fu certain embodiments, Xaa'® or the C-terminus of the peptide comprises
an NH; or an OH.

{40241} Embodiments include peptide dimer compounds comprising the following
structure:

(Xaaj -Xaa’-Xaa’-Xaa’-Xaa’-Xaa®-Xaa'-Xaa - Xaa’-Xaa'’-Xaa''-Xaa'“- Xaa"’ —Xaa“)g—L,
100242} wherein Xaa' - Xaa'® are defined as shown herein for any of Formulas (1),
meluding (I-A), (1-B), (1-C), (I-D), (I-B), (I-F), (1-G), (I-H), (-1, and (3-J), and wherein L 1s
any linker moiety linking the C-termint of the two monomer subunits. In particular
embodimeunts, L is selected from the group consisting of DIG, bifunctional PEGI3,
bifunctional PEG235, bifunctional PEGIK, bifunctional PEG2K, bifunctional PEG3.4K,
bifunctional PEG4K, bifunctional PEGSK, IDA, IDA-Palm, IDA-Boc, IDA-Isovaleric acid,

Triazine, Triazine-Boe, Isophthalic acid, 1.3-phenylenediacetic acid, 1,4-phenylencdiacctic
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acid, ghitaric acid, Azelaic acid, Pimelic acid, Dodecanedioic acid, suitable aliphatics,
aromatics, heteroaromatics, and polyethylene glycol based linkers having a molecular weight
from approxirnately 400Da to approximately 40,000Da. When the hinker 18 IDA, ADA or
any linker with free amine, it can be acylated with acylating organic compound selected from
the group cousisting of 2-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl, Butyl, Pentyl,
Hexyl, Palmityl, Lauryl, Oleoyl, Lauryl, Trifluoromethyl butyric, cyclopentane carboxylic,
cyclopropylacetic, 4-flucrobenzoic, 4-fluorophenyl acetic, 3-Phenyipropionic, tetrahedro-2H-
pyran-dcarboxylic, succinic acid, and glutaric acid, straight chain aliphatic acids with 10 to
28 carbon units, cholic acid and other bile acids. In some instances small PEG (PEG4-
PEGI3), Ghy, IsoGlu or Asp 18 used as spacer before acylations. To particular embodiments,
the linker is a bifunctional linker {e.g., di-acid, di-amine, dihalide, N-Hydroxy succinamine
{NHS}-activated diesters, bis-maleimides, which may be capable of linking two monomer
subunits through amine, cster, thioether, di-thio, or ether bonds. In particular embodiments,
L is selected from the group consisting of DIG, PEGI13, PEG2S, PEGIK, PEGIZK, PEG3 4K,
PEHG4K, PEGSK, IDA, IDA-Palm, IDA-Boce, IDA-Isovaleric acid, Triazine, Triazine-Boc,
Isophthalic acid, 1,3-phenylencdiacetic acid, Ld-phenylencdiacetic acid, cyclopropylacetic
acid, succinic acid, ghutaric acid, Dodecanedioic acid, suitable aliphatics, suitable aromatics,
heteroaromatics, and polyethylene glyeols having a molecular weight from approxamately
400Da to approximately 40,000Da. In onc embodiment, the linked is DIG. In other
embodiments, L is any of the linkers described herein.

[00243] Other embodiments include a peptide dimer compound comprising the
following structure:

L~(Xaa'-Xaa’-Xaa'-Xag'-Xaa -Xaa®-Xaa-Xaa®Xaa - Xaa'"-Kaa'-Kaa - Xaa-Xaa' ),

[03244] wherein Xaa' — Xaa'! are defined as shown here for any of Formulas (1),
including (I-A), (I-B}, (1-C), (i-D), (I-E}, (I-F), (1-G), (I-H), (-1}, and (3-}), and wherein L is
selected from the group consisting of DIG, bifunctional PEG13, bifunctional PEG23,
bifunctional PEGIK, bifunctional PEGZK, bifunctional PEG3 4K, bifunctional PEG4K,
bifunctional PEGSK, 1DA, IDA-Palm, 1DA-Boe, DA-Isovaleric acid, Triazine, Triazine-
Boc, Isophthahc acid, 1,3-phenylenediacetic acid, 1,4-phenylenediacetic acid, glutaric acid,
Arclaic acid, Pimelic acid, Dodecancdioic acid, suitable aliphatics, aromatics,

heteroaromatics, and polyethylene glycol based linkers having a molecular weight from
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approximately 400Da to approximately 40,000Da. When the hinker is IDA, ADA or any
limker with free amine, it can be acylated with acylating organic compound selected from the
group consisting of Z-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl, Butyl, Pentyl,
Hexyl, Palmityl, Lauryl, Oleoyl, Lauryl, Trifluoromethyl butyric, cyclopentane carboxylic,
cyclopropylacetic, 4-fluorobenzoic, 4-fluorophenyl acetic, 3-Phenyipropionic, tetrahedro-2H-
pyran-4carboxylic, succinic acid, and ghutaric acid, straight chain aliphatic acids with 10 to
2Q carbon units, cholic acid and other bile acids. In some instances small PEG {(PEG4-
PEGI3), Glu, IsoGlu or Asp 15 used as spacer before acylations. In particular embodiments,
the linker is a bifunctional linker (e.g., di-acid, di-amine, dihalide, N-Hydroxy succinamine
{(NHS)-activated diesters, bis~-maleimides, which may be capable of linking two monomer
subunits through amine, ester, thioether, di-thio, or cther bonds. In particular cmbodiments,
L is selected from the group consisting of DIG, PEGI3, PEG2S, PEGIK, PEGIZK, PEG3 4K,
PEG4K, PEGSK, IDA, IDA-Palm, IDA-Boc, IDA-Isovaleric acid, Triazine, Triazine-Bocg,
isophthalic acid, 1,3-phenylencdiacetic acid, 1.4-phenylenediacetic acid, cyclopropylacetic
acid, succinic acid, glutaric acid, Dodecanedioic acid, suitable aliphatics, suitable aromatics,
heteroaromatics, and polycthylene glycols having & molecular weight from approxirsately

400Da to approximately 40,000Da. In one embodiment, the linked 1s DIG.

{00245] Some sequences of the present invention are derived from the general
sequences provided in Formula (1) (including any of |-A, I-B, I-C, 1D, LB, I-F, -G, I-H, |-,
{-J}, Formula (1) (including 11-A), Formula (I1l), Formula (A), Forroula (B), Formula (),
Formula (D} or Formmla (8). For example, the N-terminus of a decapeptide represented by
Xaa'-Xaa" of Formula (I} or Xaa'-Xaa'’ of Formula (1) can be modificd by one to three
suitable groups, as represented by Xaa', Xaa®, and Xag” of Formula (I). The N-terminus may
further be acylated. In particular embodiments, the N-terminus may be acylated with an
acylating organic compound sclected from the group consisting of 2-Methyl-4,4.4-
Triftuorobutyl, Trifluoropentyl, Acetyl, Octonyl, Butyl, Pentyl, Hexyl, Palmityl, Lauryl,
Oleoyl, Trifluoromethyl butyl, cyclopentane carboxylic, cyclopropylacetic, 4-fluorobenzoic,
4-fluorophenyl acetic, 3-Phenylpropionic, tetrahedro-ZH-pyran-4carboxylic, succinic acid,
and glutaric acid. In some instances, small PEG (e.g., PEG4-PEG13) 18 used as spacer before

acylations. In some instances Glu, IsoGla, or Asp are used as spacer for acylations. In soroe
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instances, the N-terminus further comprises a suitable linker moicty to facilitate linking
together two monomer subunits to forro an N-terminal dimer roolecule.

100246] In certain embodiments of any peptide dirmer copound, e.g., wherein the
peptide dimer compound is linked via the N-terminus of one or both monomer subunits, the
N-termival amino acid is any amino acid with an amine side chain, Lys, D-Lys, N-Me-Lys,
D-N-Me-Lys, Orn, Dab, Dap, HomoLys, D-Dap, D-Dab, D-Orn, Cys, HomoCys, Pen, D-
HomoCys, D-Cys, B-Pen, Asp, Glu, B-Asp, D-Glu and HomoSer, Asp, Gly, homoGlhy, D-
Asp, D-Glu, D-homoGhy, N-Me-Glu, N-Me-Asp, N-Me-D-Ghy, and N-Me-D-Asp. In certain
envbodiments, the N-terminal amino actd residue of the monomer subunit is an amine acid
with an amine side chain, or an amino acd selected frovo Lys, D-Lys, N-Me-Lys, D-N-Me-
Lys, O, Dab, Dap, Homolys, D-Dap, D-Dab, Cys, homoCys, Pen, and D-Orn. In particular
embodiments, it is D-Lys, N-Me-Lys, or D-N-Me-Lys.

[66247) In addition, as described above for any of the various embodiments of
Formula (1), Xaa', Xaa® and/or Xaa’ may be an amino acid with an amine side chain, or an
aming acid selected from Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap, HorooLys,
D-Dap, D-Dab, D-Om, Cys, HomoCys, Pen, B-HomoCys, D-Cys, D-Pen, Asp, Glu, B-Asp,
D-Glu and HomoSer, Asp, Ghy, homoGlu, D-Asp, D-Glu, B-homoGhy, N-Me-Gla, N-Me-
Asp, N-Me-D-Glu, and N-Me-D-Asp. In certain embodiments, 1t is Lys, D-Lys, N-Me-Lys,
D-N-Me-Lys, O, Dab, Dap, HomolLys, D-Dap, D-Dab, Cys, homoCys, Pen, and D-Orn,
and it roay participate in the linkage. The residue participating n the linkage way be located
at the N-terminus of the peptide monomer, or it may be an internal armnino acid, t.e., not the N-
terminal or C-terminal amino acid.

[60248] The present invention further jncludes peptide dimer comwpounds having
subunits based on any of the Fornulas described herein, e.g., Formula (1) {including any of I-
A, 1B, I-C, I-D, LE, I-F, -G, I-H, B and 1=}, Formula (1) (incloding 11-A), Formula (HI),
Formula {A), Formula (B), Formula (C), Formula (D), or Formula (8), wherein the subunits
are linked via one or more internal amino acid residue. For example, an internal amino acid
restdue of one or more subunits could be modified o include an amino acid or derivative,
such as an amino acid with an amine side chain, or an amino acid sclected from Lys, D-Lys,
N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap, HomolLys, D-Dap, B-Dab, Cys, homoCys, Pen,

and D-Orn, capable of forming s bond with a linker. In addition, internal amino acid residucs

64



WO 2016/054411 PCT/US2015/053558

of the monomer subunits may be directly linked to cach other (or to a linker) to form a
peptide dimer compound. For example, internal lysine residues present in each monomer
subunit may bind to cach other to forr 4 peptide dimer compound.

180249} in some embodiments, Xaa', Xaa’, and Xaa' of Formula (1) (including any of
I-A, I-B, I-C, D, B, IFF, -G, IFH, -] and -0} are absent. In other embodiments, Xaa' is
absent, and Xaa® and Xaa’ represent suitable groups for modifying the N-terminus of the
peptide, e.g., the decapeptide represented by residues Xaa*-Xaa" of Formula (1), and residues
Xaa'-Xaa'® of Formula (II). Further, in some embodiments Xaa' and Xaa® of Fornla (1)
(including any of {-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-] and {-]} arc absent, and Xaa® of
Formula (I) (including any of I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, -1 and I-]) represents a
single suitable group for modifying the N-terminus of the decapeptide subunit. In some
embodiments, Xaa' and Xaa’ of Formula (1) (including any of I-A, I-B, I-C, I-D, I-E, I-F, I-
G, I-H, I-1 and 1-J) arc absent, and Xaa® of Formula (1) 1s Ac. In some embodiments, the N-
terminal amino acid residue of peptide dimers of either Formula (1) (including any of I-A, 1-
B, I-C, -, I-E, I-F, 1-G, I-H, I and 1), Formula (10} (ncluding 2-A), Formula (HI),
Formula (A), Formula (B), Formula (C), Formaula (D) or Formula (S) 15 acylated. In
particular embodiments, the N-terminus may be acylated with an acylating organic compound
selected from the group cousisting of 2-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl,
Butyl, Pentyl, Hexyl, Palmityl, Lauryl, Oleoyl, and Lauryl, Trifluoromethyl butyric,
cyclopentane carboxylic, cyclopropylacetic, 4-fluorobenzoic, 4-fluorophenyl acetic, 3-
Phenylpropionic, tetrahedro-ZH-pyran-4carboxylic, succinic acid, and glutaric acid. In some

instances, small PEG {e.g., PEG4-PEGI3) is used as spacer before acylations .In some

instances Glu, IsoGla, or Asp are used as spacer for acylations,
18025¢] Similarly, the C-terminus of the peptide, ¢.g., the decapeptide represented by

Formula (I} (including any of I-A, I-B, I-C, I-I», 1-E, I-F, I-G, I-H, I and |-}, Formula (30),
Formula (111}, Formula (A) Formula (B), Formula {C), Formula (D), or Formula (S) can be
meodified by a suitable group.  The C-terminus may further be acylated, ¢.g., in the context
of peptides dimer subunits that are dimerized via their N-terminus or pephide monomer
compounds, ¢.g., as described hercin.  In particular embodiments, the C-terminus may be
acylated, e.g, on an amino acid with a free amine, with an acylating organic compound

selected from the group consisting of 2-me-Trifluorobutyl, Trtfluoropentyl, Acetyl, Octonyl,

65



WO 2016/054411 PCT/US2015/053558

Butyl, Pentyl, Hexyl, Palmityl, Lauryl, Oleoyl, and Lauryl, Trifluoromethyl butyric,
cyclopentane carboxylic, cyclopropylacetic, 4-fluorobenzoic, 4-fluorophenyl acetic, 3-
Phenylpropionic, tetrahedro-2H-pyran-dcarboxylic, succinic acid, and glutaric acid. In some
instances, small PEG (e.g., PEG4-PEGI3) is used as spacer before acylations. In some
instances Glu, IsoGlu, or Asp are used as spacer for acylations. Io some mstances, the C-
terminus further comprises a suitable linker meoicty to facilitate linking together two
monomer subunits to form a C-terminal dimer molecule.

[B0251] In certain embodiments of the peptides of Formula (I (including any of I-A, I+

B, I-C, I-D, B, I-F, 1-G, -H, -] and 1-D), Xaa'!, Xaa' and Xaa" arc absent. In other

i3

embodiments, Xaa'? and Xaa" are absent. In other embodiments, Kaal® is absent. In
particutar embodiments, Xaa'? is the C-terminal amine acid of the peptide monomer subunit
of the peptide dimer. In particular embodiments, Xaa'? is modified. In certain embodiments,
Xaa' is Lysine, D-Lysine, N-methyl-Lysine, Dap or Dab. In particular embodiments, Xaa'®
is Dap or Dab. In certain embodiments, Xaa® comprises an NH; moiety.

{B0252] In sowe evabodivaents, the N-terminal residue of Formula (1) (including any of
I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, -1 and I-3), Formula (IT), Formula (11}, Formula {(A),
Formula (B}, Formula {C), Formula (D}, or Formula (S) further comprises a hinker moiety,
e.g., one sclected from the group consisting of DIG, PEGI3, PEG25, PEGIK, PEGIZK,
PEG34K, PEG4K, PHEGSK, IDA, IDA-Palm, IDA-Boc, IDA-Isovaleric acid, Triazine,

ag

Trnazine-Boce, Isophthalic acid, 1.3-phenylenediacetic acid, 1.4-phenylenediacetic acid,
cyclopropylacetic acid, succinic acid, glutarie acid, Dodecancdioic acid, suitable aliphatics,
suitable aromatics, heteroaromatics, and polyethylene glyeels having a molecular weight
from appromimately 400Da to approximately 40,000Da. Further, in some ermbodiments, any
one or more of Xaa'-Xaa® are acylated. In particular cmbodiments, any one or more of Xaa'-
Xaa" are acylated with an acylating organic compound selected from the group consisting of
2-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl, Butyl, Pentyl, Hexyl, Palmutyl,
Lauryl, Oleoyl, and Lauryl, Trifluoromethyl butyric, cyclopentane carboxylic,
cyclopropylacetic, 4-fluorobenzoic, 4-fluoropheny! acetic, 3-Phenyiproplonic, tetrahedro-2H-
pyran-dcarboxylic, succinic acid, and glutaric acid. In some instances, small PEG (c.g,
PEG4-PEG13} is used as spacer before acylations. In some instances Glu, fsoGly, or Asp are

used as spacer for acylations.
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{30253] In certain embodiments where Xaa® and Xaa'” arc both Cys or Pen, the peptide
monomer, or each subunit of the peptide dimer, is cychized though a disulfide bound between
Xaa' and Xaa'®,  Preferably, in one cmbodiment Xaa® is Cys. In another embodiment,
preferably Xaa® is Pen. In particular embodiments, Xaa® is Pen; in other embodiments, Xaa'
is Pen; in other embodiments, both Xaa' and Xaa'® are Pen.

{60254] in certain embodiments of any of the formulas described herein, ¢.g., Formula
(D) (including any of I-A, I-B, I-C, I-D, I-E, I-F, G, I-H, 14 and 1)), Xaa® is N-Me-Arg. In
certain embodiments, Xaa® is Scr. In certain embodiments, Xaa' is Asp. In certain
embodiments, Xaa® is Thr. In certain embodiments, Xaa® is Lew. In one embodiment Xaa'® is
Pen. In another erbodiment, Xaa'" is Cys. In particular embodiments, Xaa'' is selected from
the group consisting of Tie, Phe(2-carbomyl), Phe(3-carbomyl}, Phe(4-COOH), Phe-(4-
(OMe), Phe(4-tBu}), Phe(4-CN}, N-Me-Phe, N-Me-Tyr, b-homoTrp, and Pentafluro-Phe. In
certain embodiments, Xaa'' is an aroratic amino acid. In particular embodiments, Xaa' is
Alc. In particular embodiments, Xaa is Pro, and Xaa'' and/or Xaa'’ arc present. In
particular embodiments, Xaa'! is an amino acyl residue selected from the group consisting of
natural amino acids, Dap, Dab, Om, D-Om, N-Me-Orn, N-Me-Dap, N-Me-Dab, N-Me Lys,
3-Dap, D-Dab, D-Lys, N-Me-B-Lys, suitable isostere replacements, corresponding D-amino
acids, and corresponding N-Mecthyl arnino acids. In at least one embodiment, Xaa' is the C-
terminus. When Xaa'' is the C-terminus of the subunit, Xaa' may be modified to include a
linker moicty in accordance with the present invention. Further, in some embodiments Xaa'
is N{alpha)Methylated. For some cmbodiments, any of Xaa'-Xaa®, Xaa'-Xaa®, and Xaa''-
Xaa'” are Nalpha)Methylated. Xaa® may further be Arg-Me-sym or Arg-Me-asym, and
Xaa'l may be O-Me-Tyr, N-Me-Lys{Ac), or 4-Me-Phe. 1o sowe instances, any of Xaa'-Xaa®,
and Xaa''-Xaa' arc acylated. For example, in some instances one or more residucs at
positions Xaa'-Xaa", and Xaa''-Xaa'! are acylated with an acylating organic compound
selected from the group consisting of 2-me-Trifluorobutyl, Trtfluoropentyl, Acetyl, Octonyl,
Butyl, Pentyl, Hexyl, Palmityl, Lauryl, Oleoyl, and Lauryl, Trifluoromethyl butyric,
cyclopentane carboxylic, cyclopropylacetic, 4-fluorobenzoic, 4-fluorophenyl acetic, 3-
Phenylpropionic, tetrahedro-2H-pyran-dcarboxylic, succinic acid, and glutaric acid. In some
instances, small PEG (e.g., PEG4-PEGI3) is used as spacer before acylations. In some

mstances Glu, IsoGlu, or Asp are used as spacer for acylations.
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{B0255] in certain alternative embodiments of peptides of Formula (B) (inchuding any
of I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, -1 and 1-J), Xaa™ is Cys, HomoCys or Pen, {vstead of
the amino acids listed.

{80256] In particelar embodiments of any of the peptides described herein,
including but vot himited to those of Formula (1) (including any of I-A, 1B, I-C, I-D, I-E, I-F,
{-G, I-H, Il and 1-J} {or the corresponding residucs of Formmla (1), (IE-A), (1), (A), (B),
(0, (D), (8), (%), or (H), Xaa’ is selected from the group consisting of N-Me-Ar, Phe(4-
guanidine), Phe(4-NH,), N-Me-HomoArg, HomoArg, Tyr and His; Xaa® is selected from the
group consisting of Leu, HomoLeu, Nie and Val; Xaa% is UPA or Aog; Xaa'! is selected from
the group consisting of Tic, Phe(2-carbomyl), Phe(3-carborayl), Phe(d-carborayl), Phe(d-
COOH), Phe(4-OMe), and Phe(4-tBu) Xaa'’ is sclected from the group consisting of Aic,
Gin, Cit, Ghi(OMe), D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp, Phe, BD-Phe, B-Val, D-
Thr, D-1-Nal, D-2-Nal, Thr, Val; or Xaa' is Pro. In particular embodiments of of any of the
compounds and genuses described herein, Xaa® is sclected from the group consisting of Cit,
Phe(4-carbomyl), and N-Me-HomoArg, Xaa® is selocted from the group consisting of Leu,
HomoLey, Nle and Val; Xaa® is sclected from the group cousisting of: Cha, HomoLeu, and
Cpa; Xaa'lis selected from the group consisting of Tic, Phe(2-carbomyl), Phe(3-carbomyl),
Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu); Xaa'? is sclected from the group consisting of
Aie, Gln, Cit, Glu(OMe), D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp, Phe, D-Phe, D-Val,
3-Thr, B-1-Nal, D-2-Nal, Thr, Val, or Xaa' is Pro.

[B6257] In some embodiments, the N-terminal residue or C-ternunal residue of any
of the peptides described herein, e.g., Formula (1) {including any of 1A, 18, I-C, 1-D, I-E, I-
F, I-G, I-H, I+, and -]} or Formuola (1) Gocluding [-A)Y or Formula (HI), Formula (A),
Formula (B), or Formula {(C), Formula (), or Formula (8) further comprises a conjugated
moiety, €.g., a linker moiety, including but not limited to any of those described herein. In
particular embodiments, the linker 15 selected from the group consisting of DIG, bifunctional
PEGI3, bifunctional PEGZS, bifunctional PEGIK, bifunctional PEG2K, bifunctional
PEG3 4K, bifunctional PEG4K, bifunctional PEGAK, IDA, IDA-Palm, IDA-Boe, IDA-
Isovaleric acid, Triazine, Triazine-Boc, Isophthalic acid, 1.3-phenylenediacetic acid, 14-
phenylenediacetic acid, ghutaric acid, Azelaic acid, Pimelic acid, Dodecanedioic acid, suitable

aliphatics, aromatics, heteroaromatics, and polyethylene glycol based linkers having a
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molecular weight from approximately 400D to approximately 40,000Da. When the linker is
DA, ADA or any hnker with free amine, it can be acylated with acylating organic
compound sclected from the group consisting of Z-me-Trifluorobutyl, Trifluoropentyl,
Acetyl, Octonyl, Batyl, Pentyl, Hexyl, Palmityl, Lauryl, Oleoyl, Lauryl, Trifluoromethyl
butyric, cyclopentane carboxylic, cyclopropylacetic, 4-fluorobenzote, 4-fluorophenyl acetic,
3-Phenylpropionic, tetrahedro-2H-pyran-4earboxylic, succinic acid, and glutaric acid, straight
chain aliphatic acids with 10 to 20 carbon units, cholic acid and other bile acids. In some
instances small PEG (PEG4-PEGI3), Glu, IsoGlu or Asp is used as spacer before
acylations.In particular embodiments, the linker is a bifunctional linker (e.g., di~acid, di-
amine, dihahide, N-Hydroxy succinamine (NHS}-activated diesters, bis~-maleimides, which
may be capable of linking two monomer subunits through amine, ester, thioether, di-thio, or
ether bonds.

{00258] Some embodiments of the present invention further include a peptide
homodimer or heterodimer molecule, wherein cach subunit of the dimer molecule comprises,
cousists essentially of, or consists of an amino acid sequence represented by at least ove of
the sequences shown in the accorapanying figures and tables.

{30259] The invention further includes monomer subunits of any of the peptide dimers
described herein {which includes the accormpanying figures).

180260] in addition, the present invention includes compounds, including peptide
dimer compounds, peptide monomer compound, and monmer subunits, comprising,
consisting cssentially of, or consisting of one or more (c.g., two} of any of the amino acid
sequences described herein, e.g., in any of the formulas, or shown in any of the
accoropanying tables or figures, e.g., without requiring the presence of any N-termiunal
modification such as Ac or any C-terminal modification such as NH..

{80261 The present invention further includes any of the compounds described
hercin having an alternative N-terrmnal or C-terminal group. For cxample, those compounds
that show an N-terminal Ac group are also encompassed when their N-terminus is either the
unaltered N-terminus of an amino acid, or when a different group s present, and those
copmounds that show a C-terminal NH, group are also encompassed when their C-terminus

is either the unaltered C-terminus of an amino acid, or when a different group is present.
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{60262} Additional embediments of the present invention include peptide dimer
compounds, peptide wovomer compounds, and peptides comprising auny of the amino acid
sequences shown in any of the formulas, tables or figures herein, and which may melude one
or more additional amino acid restdues. In particular embodiments, the monomer subunits of
peptide divoer compounds, the peptide ronomer compounds, and the peptides comprise from
7 to 35 amino acid residucsm from 7 to 30 amino acid residucs, from 7 to 25 amino acid
residues, from 7 to 20 amine acid residues, 7 to 19 amino acid residues, 7 to 1¥ aming acid
residucs, 7 to 17 amino acid residucs, 7 to 16 amino acid residues, 7 to 15 amino acid
residues, 7 to 14 amino acid residucs, 7 to 13 aming acid residues, or 7 to 12 amino acid
restdues. In particular embodiments, the 1ovention mcludes a peptide comprising the amino
acid residues shown for SEQ 1D Nos: 1-193 of Table 3 or SEQ 1D Nos:194-218 of Tabie 4,
wherein the peptide does not necessarily include (but may include} any of the N-terminal or
C-terminal modifications, intramolecular bonds, linkers, or other modifications shown
therein.  In particular embodiments, the peptide comprises an intramolecular bond, e.g., a
disulfide boud between two resisdues, ¢.g., two Pen residues. The 1ovention further jncludes
peptide monomer compounds, peptide dimer compounds, and other compounds comprising a
peptide comprising an amino acid sequence described herein.

{00263] The nvention further includes a method of manufacturing a peptide
compound of the present invention, comprising synthesizing a peptide having a sequence as
described herein, and introducing an intramolecular bond between two residues of the peptide
{or allowing the intramolecular bond to form). In particular embodiments, the method further
includes modifying one or both of the C-terminus and N-terminus of the peptide. In further
embodiments, the mwethod includes conjugating 2 linker to the peptide. In related
embodiments, the invention includes a method of preparing a peptide dimer compound
comprising: {1} synthesizing a peptide having a sequence as described herein, and introducing
an intramolecular bond between two residucs of the peptide {or allowing the intrarnolecular
bond to form), and conjugating a lunker to the peptide; (i1} synthesizing a peptide having a
sequence as described herein {e.g., the same sequence as for siep (1)), and miroducing an
intrarolccular bond between two residues of the peptide {or allowing the intramolecular
bond to form): and (i) conjugating the peptide of step {1} to the peptide of step (31) via the

finker attached to the peptide of step (i)
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{60264] In particular embodiments, the present invention includes a polynucleotide
encoding any of the peptide sequences disclosed herein.  In particular embodiments, the
polynucleotide 1s DNA, RNA, ¢cDNA, or mRNA, including singic-stranded, double-stranded
polynucieotide forms thereof, and modified forms thereof. In certain embodiments, the
incention includes a vector, ¢.g., an expression vector or gene therapy vector, comprising a
polymucleotide encoding any of the peptides described herein.  The vector may further
include a promoter and/or other regulatory sequences operably linked to the sequence
encoding the peptide sequence described herein. The present invention further includes cells
comprising an exogenous or introduced peptide or polynucleotide described herein.
[86265] In particular evoboditaents, the present wvention juclades peptide dimer
compounds comprising two linker monomer subunits, cach having the following structure of
Formula (S):
Xaa'-Xaa’-Xaa’-Kaa'-Xaa - Xas®-Xaa -Xaa - Xaa -Xaa'*Naa' -Kaa' - Xaa"’-Xaa'-Xaa'-

Xaa'"-Xaa'’

Forrauia (8)
[30266] wherein Xaa' — Xaa® correspond to the residues defined at those positions
in ong of the formulas described herein, ¢.g., any of Formulas (1), (JV) and wherein Xaa'’,
Xaa'?, Xaa', Xaa'® and Xaa' arc absent or any amino acid, with the proviso that the C-
terminal amino acid corresponds to the residues defined for Xaa'" in the same formula for
which Xaa'-Xaa" were defined. In particular erbodiments, Xaa® and Xaa' are linked via a
disulfide bond, a lactarmn bond, an olefin bond, a triazole bond, a selenocther bond, or a
diselenide bond.
[06267] In particular embodiments, the present invention inchudes peptide dimer
compounds comprising two linker monomer subunits,cach having the following structure of
Formula {87):

Kaa'-Xaa’-Xaa’-Xaa'-Xaa - Xas®-Xaa -Xaa®-Kaa -Kaa'*Xaa' ' -Xaa'?-Xaa"

Formula {8}
[86268] wherein Xaa' — Xaa’ correspond to the residues defined at those positions
in one of the formulas described herein, ¢.g., any of Formulas (1), (IH), A, B, C or D and
wherein Xaa'”, Xaa'', Xaa'?, and Xaa'? arc absent or any amino acid, with the proviso that

. . . . . - - 10 .
the C-terminal amino acid corresponds to the residues defined for Xaa™™ in the sarme formula
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for which Xaa'-Xaa'® were defined. In particular embodiments, Xaa' and Xaa' are linked via
a disulfide bond, a3 lactam bond, an olefin bond, a triazole bond, a sclenoether bond, or a
diselenide bond.

100269} In certain embodiments, the peptides further comprise one or more
roodifyiog group and/or linker. Io certain embodiments, one or both of the N- or C-terminus
of the peptides is modified. In particular embodiments, the N-terminus is acylated; and in
particular embodiments, the C-termimus comprises a free amine, e.g., NH; In particular
embodiments, the C-terminus comprises an —OH group.  In particular embodiments, the
peptide comprises an intramolecular linkage between Xaa' and Xaa' of Formula ()
(ncluding any of 1-A, B, 1-C, I-D, L-E, LE, -G, I-H, I+, and I-J) {or Xaa' and Xaa' in
Formula (11}, (H1}, (A}, (B), {(C), or (I})). The present invention also includes compounds
having any of the structures described herein or shown in any of the accompanying figures.
1006270 Further, sorae ernbodirents of the present invention comprise a peptide
homodimer or hetercodimer molecule, wherein cach subunit of the dimer molecule is
cyclized through a disulfide bond or a lactam bond, and wherein each monomer subunit of
the dimer molecule comprises, consists essentially of, or consists of an amino acid sequence
represented by at least one of the sequences shown in the accompanying figures and tables.
{00271} In certain embodiments, the present invention provides a peptide dimer
compound comprising one or two linked subunits of Formmla (1H):

-1 2 EIY R & 7 8 s 9 < 10
Xaa ~-Xaa -Xaa -Xaa -Xag -Xaa ~Xaa -Xaa"-Xaa -Xaa

{Formula (1))
{G0272] or a pharmaceutically acceptable salt thereof,
{88273] wherein each subunit comprises a disulfide bond between Kaa' and Xaa',

and further wherein Fornwla (IH} represents a monomer subunit of a dimer molecule,
wherein the monomer subunits are Hinked to form a dimer molecule in accordance with the
present invention, and wherein:

Xaa' is Pen;

Xaa’ is N-Me-Arg;

Xaa’ is Ser;

Xaa'is Asp;

e S M
XKaa”is Thr,
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Xaa’ is Leu;

Xaa is Pen;

Xaa®is Trp;

Xaa’ is absent or selected from the group consisting of: Glu, B-Glu, B-homo(Ghy; and

Xaa'"is selected from the group consisting of D-Lys and N-Me-Lys.

{60274] In particular embodiments, Xaa® is present. In particular embodiments of
Formula (I11), Xaal is acylated. In particular embodiments of Formula (111}, Xaa'’ comprises
NH2 or OH. In particular cmbodiments of dimers of Formula (1), the two monormer
subunits are linked via their respective C-termini via a linker moiety, e.g., BIG. In particular
embodiments, the peptide dimer cornpound 18 a homodimer.

#3275 in one embodiment, a peptide monomer compound or a peptide dimer

pep I pel
compound of the present invention comprises a peptide molecule of Formmla (B):
ol a2 a3 4 S a6 5Ty 9 4. 10
Xaa -Xaa -Xaa -Xaa -Xaa-Xag -Xaa -Xaa -Xaa -Xaa
{(Formula (B}
[66276] or a pharmacecutically acceptable salt thereof, wherein
Xaa' is Cys or Pen;
y
Xaa® is N-methyl-Arg:
3 24

Xaa® is Ser;

Xaa'is Asp;
Xaa® is Thr;
Xaa® is Lew or Nie;
Xaa is Cys, Pen or D-Pen;
Xaa® is Trp, Tic, Bip, 1-Nal, 2Z-Nal, Phe(4-tBu), or Phe(4-COOH);

Xaa” is Glu, p-homoGhy, D-Gly, or Glu(OMe); and
XKaa'® is any amino acid,

46277 wherein the peptide molecule comprises a disulfide bond between Xaa'

pet p

;7
and Xaa',

16G278) In particular embodiments, of Formula (B), one or both of Xaa' and Xaa’
are Pen,
{00279] In particular crabodiments of Formula (B), Xaa'® is D-Lys or N-Me-Lys.
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{G0280] In particular embodiments, a peptide dimer comprises two monomer
subunits of Formula (B). In particular embodiments, the one or both subunits of the dimer
comprise an inframolecular bond between Xaa' and Xaa', e.g., a disulfide bond.

{60281 Hlustrative peptide dimer compounds of the present invention are shown in
the Examples and accompanying figares. Peptide dimer corapounds are generally shown by
providing the amino acid sequence of the monomer subunits of the peptide dimer compound
in parentheses, followed by a lower case 2, which indicates that the peptide dimer compound
compriscs two subunits having the depicted amino acid sequence. The hnker may also be
shown at the C-terminus of the sequence to indicate that the two monomer subunits are Hnked
via their C~teronng, or it is shown at the N-terminus of the sequence to ndicate that the two
ronomer subunits are linked via their N-termini.

{(6282] The present invention further jncludes peptide monomer subunits having
any of the Formula described heretn, In certain embodiments, the peptide monomer subunits
are bound to a linker.

{B0283] The peptide dimer and peptide moonomer compounds of the present
mvention may be free acids or they may be pharmaceutically acceptable salts. In particular
embodiments, they are acetate salts.

{60284] In certain embodiments, the present invention includes peptide dimer
compounds, inclading pharmaceutically acceptable salts thercof, wherein the two monomer

subunits are linked via their C-termini, having a structure of Formula (X):
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w

i O
v A
n N
- H
O
NH
HQN‘J‘E\ N

Formula (X}
{66285] wherein Ry and R, are H or Me;
{00286} n 18 any integer from 2 to 10
{80287] Xis CHy, NHCO, CONH, §-8, =0, CHOH, S, 5=0, NH, or {; and
{30288 Y 1s a hinker moiety.
[G0289) In particular embodiments, the linker moiety, Y, is any of those shown

herein, mcluding but not limdted to any of those shown below. In particular conbodiments, the
iimker motety is selected from DIG, PEGI3, PEG25, PEGIK, PEGIK, PEG34K, PEG4K,
PEGSK, IDA, IDA-Palm, IDA-Boc, IDA-Ac, IDA-Isovaleric acid, ADA Triazine, Triazine-
Boc, Isophthalic acid, 1,3-phenylenediacetic acid, Glu, Asp, D-Glu, D-Asp, 14-
phenylenediacetic acid, Bipheny! diacetic acid, cyclopropylacetic acid, succinic acid, glutaric
acid, Dodecanedioic acid, suitable aliphatic diacids, suitable aromatic diacids,
heteroaromatics, and polyethylene glyeols having a molecular weight from approxamately
40004 to approximately 40,000Da. In particular embodiments, the linker is a bifunctional
finker {e.g., di-acid, di-arnine, dihahide, N-Hydroxy succinamine (NHS)-activated diesters,
bis-malcimides, which may be capable of linking two monomer subunits through amine,

ester, thipether, di-thio, or ether bonds.
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Y = any linker

kQ’\i Spacer=~N
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G

Spacer: PEG, aliphatic chain,

{(6290] In certain embodiments, a peptide dimer compound of Formula (X)) has the

structure shown below (Corapound X,
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Compound X
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{66291 In particular embodiments, comapounds of Formula (X and Compound X
are salt forms. In one embodiment, they are acctate salts.

166292] In certain embodiments, the present invention includes peptide dimer
compounds, inchuding pharmaccutically acceptable salts thereof, wherein the two monomer

subunits are linked via their N-termini, having a structure of Formula (H):

NH,

Formula (H}

(66293} wherein Ry and Ry are H or Me;

{(03294] 1t 18 any integer from 2 to 10;

[30295] X is CHy, NHCO, CONH, S-8, C=0, CHOH, 5§, S=0, NH, or G;

[30296] Y 15 a inker moiety; and

{80297} Z is NHAc, absent or H.

{00298] In particular embodiments, the lnker moicty is any of those shown herein,

including but not imited to those shown below. In particular embodiments, the linker motety
is selected from DIG, PEGI3, PEG2S, PHGIK, PEG2K, PEG3 4K, PEG4K, PEGSK, IDA,
IDA-Palm, IDA-Boc, IDA-Ac¢, IDA-Isovaleric acid, ADA Triazine, Triazine-Boc, Isophthalic
acid, 1,3-phenylenediacetic acid, Glu, Asp, D-Glu, D-Asp, 14-phenylenediacetic acid,
Biphenyl diacetic acid, cyclopropylacetic acid, succinic acid, glutaric acid, Dodecanedioic
acid, suitable aliphatic diacids, suitable aromatic diacids, heteroaromatics, and polycthylene

glveols having a molecular weight from approximately 400Da to approximately 40,000Da
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in particular embodiments, the linker is a bifunctional linker {e.g., di-acid, di-amine, dihalide,
N-Hydroxy succinaroine {(NHS}-activated diesters, bis-malcimides, which may be capable of

iinking two monomer subunits through amine, ester, thioether, di-thio, or cther bonds.

Y = any linker

O O
kd’%m Spacer—N

G o)
: O 9]
%’\i" Spacer—N

G O

Spacer. PEG, aliphatic chain,

{60299] In certain embodiments, a peptide dimer compound of Formmula (H) has the

structure shown below {(Compound H):
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OH
H
N
- N
H H
Q \fO
QH

OH
Compound H
[606300] Embodiments of the mvention mclude pharmaceutically acceptable salt forms

of Compound H, e.g., acctate salts of Compound H.

130361 in certain particular embodiments, the present invention inciudes peptide
dimoer compounds comprising one or two monomer subunits comprising oue of the following
amino acid sequences, wherein the monomer subunits of the peptide dimer are linked via
their C-termunus:

Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGla)}-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH - B-homoGlu)}-(D-Lys);
Peo-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~Trp-Ghu~-(N-Me-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys )
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Ghu-(N-Me-Lys);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGlu)}-(D-Lys);
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-tBui-(B-horuoGlu)-{(N-Me-Lys);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-(N-Me-Lys);
Pen-{N-Me-Arg)}-Ser-Asp-Thr-Leu-Pen-2-Nal-(3-homoGhij-(N-Me-Lys};
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Peu- L-Nal-(B-horoGlo)-(D-Lys )
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1 -Nal-(B-homoGlu)-(N-Me-Lys);
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Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp~( B-homoGlu)-(D-Lys); or
Pen~-(N-Me-Argi-Ser~-Asp-Thr-Leu-Pen-Trp-Glo-(IN-Me-D-Lys),

[06362] and wherein there 15 a disulfide bond between the two Pen residucs of the
monomer subunits.
186363 In particular evobodivoents, the peptides of the monomer subunit further
comprise an N-ternunal Ac and/or a C-terminal NH, or OH. In particular embodiments, there
is an disulfide bond between the two Pen residues of the monomer subunit.
[60304] In certain particular embodiments, the present fnvention includes peptide
dimer compounds comprising one or two monomer subunits comprising one of the following
aming acid sequences, wheretn the monomer subunits of the peptide divner are hoked via
their N-terpini or their C-termini:

Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGiu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-{(4-COOH - B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Gly;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu;
Pen-(N-Mec-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-{B-hornoGhu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-( B-homoGhu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Peu-Trp-(B-homoGla);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu);
Pen~-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1 -Nal-{B-homoGlu);
Pen-(N-Me-Argi-Ser~-Asp-Thr-Leu-Peo-1-Nal-{B-homoGla);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu); or
Pen~-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-Glu,

wherein a disulfide bond links the Pen residucs within a monomer dimer subunit.

{66305] In particular embodiments wherein the monomer subunits are linked via their
N-termini, they are linked by a binker that binds to the N-termunal Pen rvesidue of ecach
monomer subunit. In other embodiments where the roonomer subunits arc lnked via their N-
termini, the monomer subunits comprise at least one additional N-terminal amino acid, and

wherein the N-terminal anino acid of the monomer subunit is linked by a linker to the other

80



WO 2016/054411 PCT/US2015/053558

monomer subunit.  In particular embodiments, the additional N-terminal amino acid is
selected from the group consisting oft any amino acid with an amine side chain, Lys, D-Lys,
N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap, Homobys, D-Dap, D-Dab, D-Orm, Cys, HomoCys,
Pen, D-HomoCys, D-Cys, D-Pen, Asp, Glu, D-Asp, D-Glu and HomoSer, Asp, Gly,
homoGla, D-Asp, D-Glu, B-homoGhy, N-Me-Glu, N-Me-Asp, N-Me-D-Glu, and N-Me-D-
Asp.In particular embodiments, the peptides of the monomer subunit further comprise an N-
terminal Ac and/or a C-terminal NH, or OH.

{80306} I one aspect, the present invention provides a peptide monomer compound of
Formula {(IV) :

f b 2 w3 A Sl 6 7 8 9 5r . 10 11 12 13 < 14
Xaa ~-Xaa~Xaa -Xaa -Xaa -xXaa ~-Xaa ~Xaa -Xag -xaa -~Xaa -Xaa -Xaa -~-Xaa

(Formula (IV))
{G0307] or a pharmaceutically acceptable salt thereof,
[66308] wherein the peptide compound coraprises a disulfide bond, a lactar bond,

an olefin bond, a triazole bond, a selenocther bond, or a diselenide bond between Xaa® and
Xaa'®, wherein:

Xaa' is absent, Ac, or any amino acid;

Kaa’ is absent, Ac, or any aming acid;

Xaa’ is abscnt, Ac, or any amino acid;

Xaa" is any amino acid capable of forming a bond with Xaa'”;

Xaa is selected from the group consisting of N-Me-Arg, Arg, N-Me-Lys, Phe(4-guanidino),
Phe(4-carbomyl), Cit, Phe(4-NH2), N-Me-HomoArg, homoArg, Tyr, Dap, Dab, Arg-Me-
sym, Arg-Me-asym, Cav, and His;

Xaa®is Ser, Gly, Thr, or Hle;

Xaa' is Asp, D-Asp, Asp(OMe), or N-Me-Asp;

Xaa® is selected from the group consisting oft Thy, Val, lle, Leu, homobleu, Gin, Ser, Asp,
Pro, Gly, His, Ala, Phe, Lys, Arg, Asn, Gly, Tyr, Trp, Met, Nle, and N-methyl amino acids,
including N-Me-~Thr;

Xaa® is selected from the group consisting of Gin, Ser, Asp, Pro, Gly, Ala, Phe, Glu, He, Val,
N-butyl Ala, N-pental Ala, N-hexyl Ala, cyclobutyl Ala, cyclopentylAla, Leu, Nie, Cha,
homoLeu, Cpa, Aoc, and N-Me-Leu;

- 106 - . . . . . 4
Xaa 18 any amino acid capable of formung a bond with Xaa';
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Xaa'' is absent or selected from the group consisting of. Trp, Phe, 2-Nal, 1-Nal, Tyr, His,
Phe(4-F), Phe(4-CF3), Phe(4-CH3), Phe(4-tBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenylGly,
3.3-DiPhenylAla, Tic, B-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-dilly, Phe(3,4-diChH, Phe(4-
carbomyl), Phe(3-carbomyly, Phe(Z-carbomyl}, Tyr{Me), HomoPhe, N-Me-Phe, N-Me-Tyr,
Ser, Sar, 2.3-dihydro-Trp, He, Leu, Arg, Thr, aromatic amino acids, substituted aromatic
amino acids, and Tic;

Xaa'? is absent or selected from the group consisting of: aromatic amino acids, substituted
aromatic arnino acids, Glu, D-Glu, homoGhu, Asp, D-Asp, D-homoGlu, Gla, beta-homoGly,
Tic, Aic, Gln, Cit, Gla(OMe), Asn, D-His, Tic, Phe(3-COOH), D-Arg, Bip, B-Trp, Phe, D-
Phe, DB-Val, B-Thr, D-Tyr, D-Lys, D-lle, D-His, N-Me-Ghu, N-Me-Asp, alpha-homoGls,
Biphenyl-Gly, Biphenyl-Ala, homoPhe, D-1-Nal, D-2-Nal, Thr, and Val, and corresponding
D-amino acids and isosteres;

Xaa' is absent, Pro, or any aming acid; and

Xaa'' is any anino acid.

186369] fo certain embodiments of Formula (IV), Xaa' is Asp, Asp(OMe), or N-
Me-~Asp.

{(63310] In certain embodiments of Formula (IV), Xaa'’ is absent or selected from
the group consisting of! aromatic amine acids, substituted aromatic amine acids, Glu, D-Gly,
homoGlu, Asp, D-Asp, D-homoGhy, Gla, beta-homoGha, Tic, and corresponding D-amino
acids and isosteres.

166311} Tn certain embodiments of Formula (IV), Xaa'' is selected from the group
consisting of Tic, Phe(Z-carbomyl}, Phe(3-carbomyl), Phe(4-COOH), Phe{4-OMe), Phe(4-
iBa), Phe(4-CFs), Phe(3-CF3), Phe(CF3), homo-Phe, D-Phe, Phe(2,3-di-Cl), Phe(3,4-di-Cl},
N-Me-Tyr, N-Me-Phe, Phe(4-F), Phe(3-F), Phe(4-Me), Phe(3-Me), Phe(2-Me), Phe(3,4-di-
Me}, Phe(2,4-di-Phe}, beta-MethylPhe, and biphenyl-Ala.

166312] In particular cmbodiments of Formula (IV), Xaa'” is sclected from the group
consisting of Aic, Gln, Cit, Gh(OMe}, Asn, D-His, Tic, Phe(3-COCH), D-Arg, Bip, D-Trp,
Phe, DB-Phe, D-Val, D-Thr, B-Tyr, D-Lys, D-lle, D-His, N-Me-Giu, N-Me-Asp, alpha-
homoGlu, Biphenyl-Gly, Biphenyl-Ala, Homeo-Phe, D-1-Nal, D-2-Nal, Thr, and Val.

180313} in particular embodiments of Formula (IV), Xaa' is selected from the group

consisting of aromatic amino acids, substituted aromatic amino acids, Ghy, D-Glu, homoGlu,
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Asp, B-Asp, D-homoGlu, Gia, beta-homoGhu, Tic, and corresponding D-amino acids and
isosteres.

[00314] In certain embodiments of Formula (IV), Xaa® is selected from the group
consisting of Cit, Phe(4-carbomy!), and N-Me-HomoArg; Xaa® is selected from the group
consisting of Leu, HomoLeun, Nle and Val; Xaa® is selected from the group consisting of
(ba, HomoLeu, and Cpa; Xaa'' is selected from the group consisting of Tic, Phe(2-
carbomyl), Phe(3-carbomyl), Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu); Xaa'” is sclected
from the group consisting of Aic, Gln, Cit, Gla(OMe), D-His, Tic, Phe(3-COOH), D-Arg,
Bip, B-Trp, Phe, D-Phe, B-Val, D-Thr, D-1-Nal, B-2-Nal, Thr, Val; or Xaa'” is Pro. In
particular embodiments, the intrarnolecular bond is a disulfide bond.

{68315 In particular embodiments of Formula (IV), Xaa'l is absent or selected
from the group consisting of aromatic amino acids, substituted aromatic amino acids, Glu,
D-Glu, homoGlu, Asp, D-Asp, D-homoGla, Gla, beta-homoGlu, Tic, and corresponding D-
amino acids and suitable isosteres; and Xaa'” is absent or Pro.

106316} In certain embodiments, the amino acid directly C-termunal to Xaa'® is
selected from aromatic amino acids, substituted aromatic amino acids, and Tic. In certain
embodiments, the amino acid directly C-terminal to Xaa' is an aromatic amino acid.

{66317} In certain embodiments, Xaa' or the C-terminal amine acid does not
comprisc a free amine.

{30318} fu certain embodiments, Xaa'® is Lys, D-Lys, N-Me-Lys, D-N-Me-Lys,
Orn, Dab, Dap, Homobys, D-Dap, D-Dab, or D-Om.

{66319] In certain embodiments, Xaa'" or the C-terminus comprises an NH, or an
OH.
160326 In certain embodiments, a free amine in the C-terminal amino acid is

capped, e.g., with an acetyl group.

{00321} In certain embodirnents, the peptide comprises an intramolecular bond
between Xaa® and Xaa'’. In certain embodiments, the bond is a disulfide bond, a factam
bond, an olefin bond, a triazole, a selenocther, or a diselenide bond. In certain erbodiments,
the bond occurs directly between the two amino acid residues.

166322] In certain embodiments, Xaa® is sclected from the group counsisting of:

Cys, Pen, HomoCys, D-Cys, D-Pen, D-HomoCys, Asp, Glu, HomoGlu, $-Asp, B-Ghu, Lys,
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Homolys, O, Dap, Dap, 2-aliyiglycine, 2-(3-butenyiglycine, 2-(4"-pentenyiglycine, or 2-
(3-hexenyDglycine, corresponding D —amino acids and suitable isosteres, and Xaa'® is
selected from the group consisting oft Cys, Asp, Lys, Glu, Pen, HomoAsp, HomoGlu, D-Cys,
D-Pen, Homolys, Orn, B-Asp, B-Glu, Dap, Bab, D-HomoCys, Z-allyiglycine, 2-(3'-
buteoyhglycine, 2-{(4'-pentenybglycine, or 2-(5-hexenybglycine, corresponding D-amino
acids and suitable isosteres.

{G0323] In certain embodiments wherein the cyclic peptide comprises a disulfide
bond between Xaa' and Xaa'®, Xaa® and Xaa'® are cach selected from the group consisting of:
Cys and Pen. In certain embodiments, both Xaa® and Xaa'® are Pen.

100324] In certain embodiments wherein the cyclic peptide comprises a lactam
bond between Xaa” and Xaa', Xaa® and Xaa'® are each selected from the group consisting of:
Lys, Homolys, Orn, Bap, Dab, Asp, Glu, HomoGihu, B-Dap, D-Dab, D-Asp, D-Glu or D-
Lys. In certain embodiments, Xaa'® is Lys, HomoLys, O, Dap or Dab; and Xaa' is Asp,
Glu, or HomoGhu. In certain embodiments, Xaa® is Lys, HomoLys, Orn, Dap or Dab; and
Xaa' is Asp, Glu, or HomoGlu.

{00325] In certain cmbodiments wherein the cyclic peptide comprises a lactam
bond between Xaa® and Xaa'’, Xaa' is sclected from the group cousisting of Asp, HAsp,
Glu, and HGlu, HLys, and Xaa® is selected from the group consisting of Lys, Dap, Dab,
HLys, Ormn, and HGL. In certain embodiments, Xaa'® is selected from the group consisting of
Lys, Dap, Dab, HLys, Orn, and HGlu, and Xaa® is selected from the group consisting of Asp,
HAsp, Glu, HGhy, and HLys.

{30326] In certain embodiments, Xaa® is selected from the group consisting of Asp,
HAsp, Glu, HGly, and Hiys, Xaa' is selected from the group consisting of Lys, Dap, Dab,
HLys, Orn, and HGhy, and Xaa" and Xaa' are cyclized through an amide bond.

{86327] In certain embodiments wherein the cyclic peptide comprises an olefin
bond between Xaa' and Xaa'”, Xaa' and Xaa'® are cach sclected from the group consisting of’
Z-allylglyeine, 2-(3'-butenyhiglyeine, 2-(4'-pentenybglyeine, or 2-(5-hexenybhglycine, and the
pepiide s cyclized via ring closing methasis to give the corresponding olefin / “stapled

peptide.”
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[G0328] In certain cmbodiments, Xaa® is Cys, Pen, or homoCys. In certain

embodiments, Xaa® and Xaa'® are cach B-azido-Ala-OH or propargyiglycine, and the peptide

is cyclized through click chernistry leading to a triazole ring.

{86329 In particular embodiments, the intramolecular bond is a disulfide bond or a

lactam bond.

{60330] In onc aspect, the present invention provides a pepiide monomer

compound of Formula (1V'):
Xaa'-Kaa’-Xas'-Xaa'-Xaa’-Xaa'-Xaa'-Xaa’-Xaa’-Xaa'-Kaa''-Xaa'*-Xaa" -Xaa"

(Formula (IV")),

100331} or a pharmaceutically acceptable salt thereof, wherein:

Xaa' is absent, Ac, or any amino acid;

Kaa’ is absent, Ac, or any aming acid;

Xaa’ is abscnt, Ac, or any amino acid;

Xaa" is any amino acid capable of forming a bond with Xaa'”;

Xaa is selected from the group consisting oft N-Me-Arg, Arg, N-Me-Lys, Ph (4-guanidino),

Phe(4-carbomyl), Cit, Phe{4-NH;), N-Me-homoArg, homoArg, Tyr Dap, Dab, Arg-Me-sym,

Arg-Me-asym, Cav, and His;

Xaa®is Ser Gly, Thr, or He;

Xaa'is Asp or D-Asp, Asp(OMe), or N-Me-Asp;

Xaa® is selected from the group consisting oft Thr, Val, lie, Leu, homoLeu , Gln, Ser, Asp,

Pro, Gly, His, Ala, Phe, Lys, Arg, Asn, Gly, Tyr, Trp, Met, Nle, and N-methyl amino acids,

including N-Me-~Thr;

Xaa® is selected from the group consisting of Gin, Ser, Asp, Pro, Gly, Ala, Phe, Glu, He, Val,

N-butylAla, N-pentylAla, N-hexyl Ala, cyclobutyl Ala, cyclopentyl-Ala, Leu, Nle, Cpa, Cha,

homokLeu, Aoc, and N-Me-Leu;

XKaa'® is any amino acid capable of forming a bond with Xaa®; and

Xaa'l is absent or selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His,

Phe(4-F), Phe(4-CF3), Phe(4-CH3), Phe(4-tBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenylGly,

3. 3-DiPhenylAla, Tic, beta-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diCl), Phe(3,4-diCl),

Phe{4-carbomyl}, Phe(3-carbomyl), Phe{Z2-carbomyl), Tyr{Me}, homoPhe, N-Me-Phe, N-Me-
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Tyr, Ser, Sar, Dihydro Trp, He, Leu, Ser, Arg, Thr,, aromatic amino acids , substituted
aromatic amine actds, and Tic;
Xaa'? is absent or selected from the group consisting of: aromatic amine acids, substituted
aromatic amino acids, Glu, B-Glu, homoGlu, Asp, D-Asp, D-homoGlu, Gla, beta-homoGly,
Tic, and corresponding D-amino acids and suitable isosteres;
Xaa' is absent or Pro; and
Xaa'? is any amino acid.
[68332] In particular erobodiments of Formula (IV7), Xaa® is sclected from the
group consisting of Cit, Phe(4-carbomyl), and N-Me-homoArg, Xaa® is selected from the
group consisting of Leu, homoLeu, Nle and Val; Xaa” is selected from the group consisting
of: Cba, homoLeu, and Cpa; Xaa'' is sclected from the group consisting of Tic, Phe(2-
carbomyl), Phe(3-carbomyl), Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu); Xaa'” is sclected
from the group consisting of Atc, Gin, Cit, Glu(OMe), D-His, Tic, Phe(3-COOH), D-Arxg,
Bip, D-Trp, Phe, D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal, Thr, Val; or Xaa' is Pro.
{38333] In various embodiments, any of the features or hmitations described for
Formula (IV) may be present in Formula (IV')
{6334 In one aspect, the present invention provides a peptide compound of
Formula (V)

Kaa'-Xaa’-Xan'-Xaa'-Xaa -Xaa’Xaa -Xaa*-Xaa'-Xaa'

{Formula (V})

{#0335] or a pharmaceutically acceptable salt thereof, wherein the peptide
compound comprises a disulfide bond, a lactam bond, an olefin bond, a triazole bond, a
selenoether bond, or a diselenide bond between Xaa' and Xaa', wherein Xaa'-Xaa'® of
Formula (V) corresponds to Xaa'-Xaa" of Formula (IV).
{80336} In certain embodiments of Formula (V), Xaa® is selected from the group
consisting of Cit, Phe(4-carbomyl), and N-Mec-hornoArg; Xaa® is sclected from the group
consisting of Leu, HomoLeu, Nle and Val; Xaa® is selected from the group consisting oft
(ba, bomoLey, and Cpa; Xaa® is selected from the group consisting of Tic, Phe(2-carbomyl),
Phe(3-carbornyl), Phe(4-COOH), Phe(4-OMce), and Phe(4-tBu); Xaa® is selected from the
group consisting of Aic, Gln, Cit, Gla(OMe), D-His, Tic, Phe(3-COUOH), B-Arg, Bip, B-Trp,
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Phe, D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal, Thr, Val; or Xaa'’ is Pro. In particular
embodiments, the intramolecular bond is a disulfide bond or a lactam bond.

[66337] In one embodiment of Formula (IV), herein referred to as Formula (IV-A),
Xaa' is absent, Ac, or any aming acid;

Xaa is absent, Ac, or any amino acid;

Xaa® is absent, Ac, or any aming acid;

Xaa’ is Pen:

Xaa’ is selocted from the group consisting of: N-Me-Arg, Arg, N-Me-Lys, Pho(4-guanidine),
Phe{4-carbomylamine), Cit, Phe(4-NH2), N-Me-homoArg, homoArg, Tyr and His;

Xaa'is Ser, Gly, Thr, Ile;

Xaa'is Asp or D-Asp;

Xaa® is selected from the group consisting of: Thr, Val, He, Leu, homoeleu, Nie, and Val;
Xaa® is sclected from the group consisting of: Tie, cyclobutyl Ala, cyclopentylAla, Leu, Nie,
Cpa, homoleu, Aoc, and N-Me-Leu;

Xaa'is Pen;

Xaa'' is absent or selected from the group consisting of: Trp, Phe, 2-Nal, I-Nal, Tyr, His,
Phe(4-F), Phe(4-CF3), Phe(4-CH,), Phe{d-tBu), Bip, Phe(4-COOH), Gly, 3.3-DiPhenyiGly,
3.3-DiPhenylAla, Tic, B-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-dilly, Phe(3,4-diChH, Phe(4-
carbonyl), Phe(3-carbomyl}, Phe(2-carbomyly, Tyr(Me), homoPhe, N-Me-Phe, N-Me-Tyr,
Ser, Sar, 2,3-dihydroTrp, lle, Leu, Arg, and Thr;

Xaa'? is absent or selected from the group consisting oft Gla, D-Glu, homoGlu, Asp, D-Asp,
D-homoGla, D-Asp, Gla, beta-homoGlu, corresponding D-aming acid, any aromatic amino
acid, and isosteres;

Xaa'? is absent or any amino acid; and

14 . R .
Xaa' " is any amino acid.

[30338] In certain embodiments, Xaa® and Xaa'® are linked, c.g. via a disulfide
bond.

{68339 In certain embodiments, Xaa' is Asp.

[66340] In one embodiment of Formula (IV), herein referred to as Formula (IV-B),

I . .
Xaa is absent, Ac, or any aming acid;

Xaa”is absent, Ac, or any amine acid;
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Xaa® is absent, Ac, or any aming acid;

Xaa'is Pen or Cys;

Xaa® is N-Me-Arg;

Xaa®is Ser;

Xaa'is Asp or D-Asp;

Xaa® is selected from the group consisting of: Thr, Val, lle, Leu, homoLeu and Nig;

Xaa® is sclected from the group consisting oft Leu, Nle, Cpa, Cba, homeleu, Aoc, and N-Me-
Leu;

Xaa'’is Pen or Cys;

Xaa' s selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CF1}, Phe(4-CHj), Phe(4-tBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenyiGly, 3.3-
DiPhenyiAla, Tic, P-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diChH, Phe(3,4-di’l}, Phe(4-
carbomyl), Phe(3-carboryl), Tyr(Mc), homoPhe, N-Me-Phe, N-Mc-Tyr, Ser, Sar, 2.3-
dihydroTrp, He, Leu, Arg, Thr, any substituted aromatic aming acid, and corresponding D-
aming acids;

Xaa'? is selected from the group consisting of:, Ghu, D-Glu, homoGlu, Asp, D-Asp, D-
homo(hy, Gla, beta-homoGlu, corresponding D-amino acid and any aromatic amino acid and
corresponding 18osteres;

Xaa'? is absent; and

Xaa' is any amino acid. In certain embodiments, Xaa® and Xaa'® arc linked, c.g. via a
disulfide or a lactam bond.

{68341] In particular embodiments, Xaa'is Asp.

[63342] In one embodiment of Formula (IV), herein referred to as Formula (IV-C},
Xaa' is absent, Ac, or any aming acid;

Xaa’is absent, Ac, or any amino acid;

Xasa" is absent, Ac, or any aming acid;

Xaa’ is Pen:

Xaa’ is N-Me-Arg;

Xaa®is Ser, Gly, Thr, He;

Xaa'is Asp or D-Asp;

Xaa® is selected from the group consisting of: Thr, Val, Hle, Lew, homoLeu and  Nle;
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Xaa’ is selected from the group consisting of: L.eu, Nle, Cpa, Cha, homoLeu, Aoc, and
N-Me-Ley;

Yaa'’is Pen;

Xaa' is selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CFy), Phe(4-CHa), Phe(4-tBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenyiGly, 3.,3-
DiPhenylAla, Tic, P-homoTrp, D-1-Nal, D-2-Nal, Phe(2.4-diCl), Phe(3,4-di’l), Phe(4-
carbomyl}, Phe(3-Carbomyl), Tyr(Me}, HomoPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar, Dihydro
Trp, He, Leu, Ser, Arg, and Thr;

Xaa'" is selected from the group consisting of Ghlu, D-Glu, homoGly, Asp, D-Asp, D-
homoGlu, Gla, beta-homoGlu, corresponding D-amivo acid and any aromatic amino acid and
corresponding isosteres;

Xaa' is absent or is any amino acid; and

Xaa'' is any amino acid.

186343 In certain embodiments, Xaa® and Xaa'® are linked, ¢.g. via a disulfide or a
lactam bond.

{00344] In particular crabodiments, Xaa' is Asp.

{66345] In one embodiment of Formula (1V), herein referred to as Formula (IV-D),
Xaa' is absent, Ac, or any aming acid;

Xaa®is absent, Ac, or any amino acid;

Xaa™ is absent, Ac, or any amino acid;

Xaa'is Pen;

Xaa’ is N-Me-Arg;

Xaa’is Ser;

Xaa' is Asp or D-Asp;

Xaa®is Thr or Val;

Xaa® is selected from the group consisting of! Leu, Nie, Cpa, Cha, Homoley, Aoc, and N-
Me-Leu;

Xaa'’is Pen;

Xaa' is selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CFy), Phe(4-CHaz), Phe(4-tBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenyiGly, 3.3-
DiPhenyiAla, Tic, b-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diCl), Phe(3,4-diCl), Phe(4-
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carbomyl}), Phe(3-carbomyl), Tyr(Me), HomoPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar,
dihydroTrp, He, Leu, Arg, and Thr;

Xaa'? is absent or sclected from the group consisting oft any aromatic amino acid, Gly, D-
Glu, homoGiu, Asp, D-Asp, D-homoGlu, Gla, beta-homoGlu, corresponding D-amino acid
and sosteres thereof,

Xaais absent; and

- 14 - . .
Xaa' is any amino acid.

[68346] In certain embodiments, Xaa® and Xaa'® are linked, e.g. via a disulfide
bond.

100347} fu particular embodiments, Xaa'is Asp.

{60348} in one embodiment of Fornula (1V), herein referred to as Formula (IV-E),

Xaa' is absent, Ac, or any amino acid;

Xaa’is abscnt, Ac, or any amino acid;

Xaa is absent, Ac, or any amino acid;

Xaa® is Per;

Xaa® is N-Me-Arg;

Xaa’is Ser;

Xaais Asp or D-Asp;

Xaa®is Thr or Val;

Xaa’ is selected from the group consisting of® Leu, Nie, Cpa, Cba, homoLeu, Aoc, and N-Me-
Lew;

Xaa'”is Pen:

Xaa'l is selected from the group cousisting oft Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CFy), Phe(4-CHsy Phe(4-tBu), Bip, Phe(4d-COCH), Gly, 3,3-DiPhenylGly, 3,3-
DiPhenyiAla, Tic, B-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-dil}, Phe(3,4-diCi), Phe(4-
carborayl), Phe(3-carbomyl), Tyr(Me), homoPhe, N-Mc-Phe, N-Me-Tyr, Ser, Sar, 2,3-
dihydroTrp, He, Leu, Arg, and Thr;

Xaa'? is absent or sclected from the group cousisting of any aromatic amino acid, Gly, D-
Glu, and beta-homoGlu;

Xaa'" is absent; and

- 14 - . .
Xaa 18 any amino acid.
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{60349 In certain embodiments, Xaa® and Xaa'® are linked, ¢.g. via a disulfide or a
lactam bond.

{00350] In particular embodiments, Xaa' is Asp.

{86351 In ong embodiment of Formula (IV), herein referred to as Formula (1V-F},
¥aa! is absent, Ac, or any amino acid;

Xaa”is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any aming acid;

Xaa'is Pen;

Xaa’is N-Me-Arg;

Xaa®is Ser;

Xaa'is Asp or D-Asp;

Xaa®is Thr or Val:

Xaa® is Leu;

Xaa''is Pen;

Xaa' s selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CF31), Phe(4-CHj), Phe(4-iBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenyiGly, 3,3-
DiPhenyiAla, Tic, P-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diChH, Phe(3,4-di’l}, Phe(4-
carbomyl), Phe(3-carboryl), Tyr(Mc), homoPhe, N-Me-Phe, N-Mc-Tyr, Ser, Sar, 2.3-
dihydroTrp, He, Leu, Arg, and Thr;

Xaa' is selected from the group consisting oft any aromatic amino acid, Glu, D-Glu, beta-
homoGluy, and corresponding D-araine acid and 1sosteres thereof)

Xaa' is absent; and

Xaa' is any amivo acid.

186352 In certain embodiments, Xaa® and Xaa'® are linked, ¢.g. via a disulfide or a
lactam bond.

{B0353] In particular crabodiments, Xaa' is Asp.

{60354] In one embodiment of Formula (1V), herein referred to as Formula (IV-G),
Xaa' is absent, Ac, or any amino acid;

Xaa®is abscnt, Ac, or any amino acid;

Xaa' is absent, Ac, or any amino acid;

soq.
Xaa 18 Pen;
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Xaa” is N-Me-Arg;
Xaa®is Ser:

Xaais Asp or D-Asp;
Xaa®is Thr or Val;
Xaa’ is Leu;

Xaa'®is Pen;

Xaa'l is selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CFy), Phe(4-CH,), Phe(d-tBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenyiGly, 3.3-
DiPhenylAla, Tic, b-homoTrp, D-1-Nal, D2-Nal, Phe(2,4-diCl}, Phe(3,4-diCH), Phe(4-
carbomyl), Phe(3-carbomyl), Tyr(Me), homoPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar, 2,3-
dDihydroTrp, He, Leu, Arg, and Thr;

Xaa'” is selected from the group consisting of: any aromatic amino acid, Glu, D-Glu, and
beta-homoGlu;

Xaa'’ is absent; and

Xaa' is any amino acid.

[30355] Tn certain embodiments, Xaa® and Xaa' are linked, ¢.g. via a disulfidc or a
lactam bond.

{80356] In particular embodiments, Xaa' is Asp.

[83357] In one embodiment of Formula (IV), herein referred to as Formula (1V-H),
¥aa! is absent, Ac, or any amino acid;

Xaa® is absent, Ac, or any aming acid;

Xaa® is absent, Ac, or any aming acid;

Xaa'is Pen;

Xax’ is N-Me-Arg;

Xaa®is Ser;

Xaais Asp;

Xaa®is Thr or Val:

Xaa is Leu;

Xaa'is Pen;

Xaa' is selected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),

Phe(4-CFy), Phe(4-CHy), Phe(4-iBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenyiGly, 3,3-
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DiPhenylAla, Tic, P-homoTrp, D-1-Nal, D-2-Nal, Phe(2.4-diCl), Phe(3,4-di’l), Phe(4-
carbomyly, Phe(3-carbomyl), Tyr(Me), HomoPhe, N-Me-Phe, N-Me-Tyr, Ser, Sar, 2.3-
dihydroTrp, He, Leu, Ser, Arg, or Thr;

Xaa'" is selected from the group consisting oft any aromatic amine acid, Ghy, D-Glu, and
beta~-homoGhy;

Xaais absent; and

- 14 - . .
Xaa' is any amino acid.

[B8358] In certain embodiments, Xaa® and Xaa'® are linked, e.g. via a disulfide
bond.
{36389 In one ernbodiment of Formula (IV), herein referred to as Formula (IV-1),

Xaa' is absent, Ac, or any amino acid;

Kaa’ is absent, Ac, or any aming acid;

Xaa’ is abscnt, Ac, or any amino acid;

Xaa" is Pen;

Xaa’ is N-Me-Arg;

Xaa®is Ser;

Xaa' is Asp or D-Asp;

Xaa®is Thr or Val;

Xaa®is Leu;

Xaa'is Pen;

XKaa'! is selected from the group consisting of Trp, Phe, 2-Nal, 1-Nal, Tyr, His, Phe(4-F),
Phe(4-CFz), Phe(4-CHs), Phe(d-tBuy, Bip, Phe(4-COOH), Gly, 3.3-DiPhenyiGly, 3.3-
DiPhenylAla, Tic, P-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-AiChH, Phe(3,4-diCl), Phe(4-
carboniyl), Phe(3-carbomyl}, Tyr(Me), and homoPhe;

Xaa'" is selected from the group consisting oft any aromatic amine acid, Ghy, D-Glu, and
beta-homoGhu;

Xaa' is absent; and

Xaa'! is any amivo acid. To certain embodiments, Xaa' and Xaa' are livked, c.g. via a

disulfide or a lactam bond.

100366} in particular embodiments, Xaa is Asp.
{68361} In one embodiment of Forraula (IV), herein referred to as Formula (IV-1),
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w1 . . .
Xaa is absent, Ac or any amino acid;
2. . .
Xaa® is absent, Ac or any arino acid;
Xaa® is absent, Ac or any arnino acid;
4.
Xaa 1s Pen;
Xaa” is N-Me-Arg;
Xaa’ is Ser;
Xaa' is Asp;
] .
Xaa is Thr;
9 .
Xaa s Lew;
16
Xaa " 1s Pen;
o 11 S
Xaa 18 Phe(4-tBu)
.o 12 |
Xaa * is beta-homoGhy,
13
Xaa ~ is absent;

and Xaa'® is D-Lys.

130362} In particular embodiments of Formula (IV-J), Xaad and Xaal{ are linked via a
disulfide bond.
{066363] In certain embodiments of any one of Formulas (IV-A), {(IV-B), (V-C), (1V-

Dy, (IV-E), (AV-F), (IV-G), (IV-H), aV-I) or (IV-), Xaa" is sclected from the group
consisting of: Lys, D-Lys, N-Me-Lys, D-N-Me-Lys.
100364] ln onc embodiment, a peptide monomer compound or peptide dimer
compound of the present invention compriscs a peptide molecule of Formula (C):
Xaa'-Xaa’-Xaa’-Kaa'-Xaa’-Xaa®-Xaa -Xaa*-Xaa'-Xaa'
{Formula (C))
188365] or a pharmaccutically acceptable salt thercof, wherein
Xaa' is Cys or Pen;
XKaa® is N-methyl-Arg;
Xaa® is Ser;
Xaa® is Asp;
Xaa’® is Thr or Val;
Xaa® is Leu or Nie;

Xaa' 18 Cys or Pen;
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Xaa® is Trp, Tic, Bip, 1-Nal, 2-Nal, Phe(4-tBu), Phe, Tyr, or Phe(4-COOH};
Xaa® is Glu, B-homoGly, or D-Glu; and

10 . . .
Xaa = 18 any amino acid,

186366 wherein the peptide molecule comprises a disulfide bond between Xaa'
and Xaa' .
{60367} In particular embodiments of Fornwla (C), Xaa'” is D-Lys, N-Me-Lys or

N-Me-D-Lys. In particular embodiments, Xaa' and/or Xaa’ are Pen.

[60368] In certain embodiments, Xaa'® or the C-terminus of the peptide comprises
an NH- or an OH.

186369 In certain embodiments, a free amine in the C-terminal amino acid s
capped, ¢.g., with an acetyl group.

{(63370] Hustrative peptide monomer compounds of the present invention are
shown in the Examples and accompanying figures. In certain embodiments, a peptide
monomer compound has the structure shown below (Compound U). In particular
embodiments, Compound U is a pharmaceutically acceptable salt form. In one embodiment,

it 18 an acctate salt,

Compound U
{86371} Some sequences of the present invention are derived from the general
sequences provided in Formula (IV) (including any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F,
V-G, IV-H, IV-l, and IV-I), Formula {V}, Formula (A}, (Formula (B}, Formula (C}, or
Formula (D). For example, the N-terminus of a decapeptide represented by Xaa'-Xaa'' of
Formula (IV) or Xaa'-Xaa' of Formula (V), (VI), (A}, (B}, (C), or (D} can be modified by
one to three suitable groups, as represented by Xaa', Xaa®, and Xaa’ of Formula (IV). The N-
terminus may further be acylated.  In particular embodiments, the N-termimus ray be
acylated with an acylating organic compound sclected from the group consisting of Z-me-

Trifluorobutyl, Triflusropentyl, Acetyl, Octonyl, Butyl, Pentyl, Hexyl, Palmityl, Laury],
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Oleoyl, and Lauryl, Trifluoromethyl butyric, cyclopentane carboxylic, cyclopropylacetic, 4-
fluorobenzoie, 4-fluorophenyl acetic, 3-Phenylpropionic, tetrahedro-2H-pyran-4carboxylic,
succinic acid, and glutaric acid. In soroc instances, small PEG (c.g., PEG4-PEGI3) is used as
spacer before acylations. In some instances Glu, IsoGlu, or Asp are used as spacer for
acylations. In some embodiments, Xaa', Xaa®, and Xaa® of Formula (IV) (including any of I-
A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, and I-1) arc absent. In other embodiments, Kaa' is absent,
and Xaa® and Xaa' represent suitable groups for modifying the N-terminus of the peptide,
e.g., the decapeptide represented by residues Xaa'-Xaa' of Formula (IV), and residues Xaa'-
Xaa'" of Formula (V). Further, in some embodiments, Xaa' and Xaa® of Fornula (IV)
(including any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, IV-G, IV-H, IV-l, and 1V-]) are
absent, and Xaa® of Pormula (1V) (including any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, IV-
G, IV-H, IV-], and V1) represents a single suitable group for modifying the N-terminus of
the decapeptide subunit. In some embodiments, Xaa' and Xaa® of Formula (IV) (including
any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, IV-G, IV-H, IV-], and IV-J) are absent, and
Xaa' of Formula (IV) is Ac. In some embodiments, the N-terminal amino acid residue of the
peptide of ctther Formwla (IV), {(V), (VD), (A), (B), (C), or (D) 1s acylated. In particular
embodiments, the N-terminus may be acylated with an acylating organic compound selected
from the group consisting of 2-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl, Butyl,
Pentyl, Hexyl, Palmityl, Lauryl, Gleoyl, and Lauryl, Trifluoromethyl butyric, cyclopentance
carboxyhc, cyclopropylacetic, 4-fluorobenzoic, 4-fluorophenyl acetic, 3-Phenylpropiounice,
tetrahedro-2H-pyran-4carboxylie, succinic acid, and glutaric acid. In some instances, small
PEG (e.g., PEG4-PEGI13) is used as spacer before acylations. In some instances Glu, IsoGhy,
or Asp are used as spacer for acylations.

18663721 Similarly, the C-terminus of the peptide, ¢.g., the peptide represented by
Formula (IV} (inchuding any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, IV-G, IV-H, IV-], and
IV-y, Formula {V), Formula (V1), Formula (A), Forroula (B), Formula {C) or Formula (D)
can be modified by a suitable group.  The C-terminus may further be acylated. In particular
embodiments, the C~terminus may be acylated with an acylating organic corapound selected
from the group consisting of 2-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl, Butyl,
Pentyl, Hexyl, Palmityl, Lauryl, Oleoyl, and Lauryl, Trifluoromethyl butyric, cyclopentane

carboxyhic, cyclopropylacetic, 4-fluorobenzoie, 4-fluorophenyl acctic, 3-Phenylpropionice,
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tetrahedro-2H-pyran-dcarboxylic, succinic acid, and glutaric acid. In some instances, small
PEG (e.g., PEG4-PEGI13) is used as spacer before acylations. In some instances Glu, IsoGly,
or Asp are used as spacer for acylations. In certain embodiments of the peptides of Formula
(IV} (including any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, IV-G, IV-H, IV-L, and IV-],
Xaa'', Xaa' and Xaa' ave absent. In other embodiments, Xaa' and Xaa' arc absent. In
other embodiments, Xaa™ is absent. In particular embodiments, Xaa'! is the C-terminal
amino acid of the peptide. In particular embodiments, Xaa'! is modified. In certain
embodiments, Xaa'' is Lysine, D-Lysine, N-methyl-Lysine, Dap or Dab. In particular

b : 1 4 k ¥ i . . - 14 N N
embodiments, Xaa'! is Dap or Dab. In certain embodiments, Xaa'! comprises an NH;

moiety.
~y 3 ¥ b 1 Yl 4 X
{66373} in some cmbodiments, any one or more of Xaa'-Xaa are acylated. In

particular embodiments, any one or more of Xaa'-Xaa® are acylated with an acylating organic
compound sclected from the group consisting of Z-me-Trifluorobutyl, Trifluoropentyl,
Acetyl, Octonyl, Butyl, Pentyl, Hexyl, Palmityl, Lanryl, Oleoyl, and Lauryl, Trifluoromethyl
butyric, cyclopentane carboxylic, cyclopropylacetic, 4-fluorobenzote, 4-fluorophenyl acetic,
3-Phenylpropionic, tetrahedro-2H-pyran-dcarboxylic, succinie acid, snd glutaric acid. In
some instances, small PEG {¢.g., PEG4-PEG13) is used as spacer before acylations. In some
instances Glu, IsoGlu, or Asp arc used as spacer for acylations.

16G374] In cortain embodiments where Xaa® and Xaa'” are both either Cys or Pen, the
peptide is cyclized though a disulfide boud or a lactam bond between Xaa' and Xaa',
Preferably, in one embodiment Xaa® is Cys. In another embodiment, preferably Xaa' is Pen.
in particular embodiments, Xaa® is Pen; in other embodiments, Xaa'® is Pen; in other
embodiments, both Xaa® and Xaa'® are Pen.

{80375] i certain embodiments of any of the peptide dimer or monomer compounds
described herein, Xaa® is N-Me-Arg. In certain embodiments, Xaa® is Ser. In certain
cmbodiments, Xaa’ is Asp. In certain embodiments, Xaa® is Thr. In certain embodiments,

(U : . PN LI -~
is Pen. In another embodiment, Xaa™ is Cys. In

Xaa® is Leu. In one embodiment, Xaa'
particular embodiments, Xaa'' is selected from the group consisting of Tic, Phe(2-carbomy!),
Phe(3-carbornyl), Phe(4-COOH), Phe-{4-OMe), Phe(4-tBu), Phe(4-F), Phe(4-CN), N-Me-
Phe, N-Me-Tyr, 8-homoTrp, and Pentafluro-Phe. In particular embodiments, Xaa'? Giu, D-

. . N 11 ; iz
Glu, beta homoGlu, In particular embodiments, Xaa™~ 18 Pro, and Xaa ® and/or Xaa'™ are
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present In particular embodiments, Xaa' is an amino acyl residue selected from the group
consisting of natural amino acids, Dap, Dab, Orn, D-Om, N-Me-Orn, N-Me-Dap, N-Me-Dab,
N-Me Lys, D-Dap, D-Dab, D-Lys, N-Me-D-Lys, isostere replacements, corresponding D-
amino acids, and corresponding N-Methyl amino acids. In at least one embodiment, Xaa'* is
the C-terminus. When Xaa'® is the C-terminus of the subunit, Xaa'® may be modified to
include a linker moicty in accordance with the present invention. Fusther, in some
embodiments Xaa'' is N{alpha)Methylated. For some embodiments, any of Xaa'-Xaa’, Xaa -
Xaa’, and Xaa''-Xaa'? are Nalpha)Mcthylated. Xaa® may further be Arg-Me-sym or Arg-
Me-asym, and Xaa'' may be O-Me-Tyr, N-Me-Lys(Ac), or 4-Me-Phe. In some instances,
any of Xaa'-Xaa®, and Xaa''-Xaa'" are acylated. For example, in some instances one or more
residucs at positions Xaa'-Xaa®, and Xaa''-Xaa'! are acylated with an acylating organic
compound selected from the group consisting of 2-me-Triflusrobutyl, Trifluoropentyl,
Acctyl, Octonyl, Butyl, Pentyl, Hexyl, Palnutyl, Lavryl, Oleoyl, and Lauryl, Trifluoromethyl
butyric, cyclopentane carboxylic, cyclopropylacetic, 4-fluorobenzoic, 4-fluorophenyl acetic,
3-Phenvlpropionic, tetrahedro-2H-pyran-dcarboxylic, succinic acid, and glutaric acid. In
some instances, small PEG (e.g., PEG4-PEG13) 1s used as spacer before acylations. In some
instances Glu, IsoGlu, or Asp are used as spacer for acyiations.

[60376] In particular embodiments of any of the peptides described herein, including
but not limited to those of Formula (IV) (inchiding any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-
F, IV-G, IV-H, and IV-1) {or the corresponding residues of Formula (V), (IV-4), (A)L(B), (C),
or (D), Xaa® is selected from the group consisting of N-Me-Arg, Phe(4-guanidine), Phe(4-
NH;), N-Me-homoArg, homoArg, Tyr and His; Xaa® is selected from the group consisting of
Leu, homoLeu, Nie and Val:, Xaa® is CPA or Aoc; Xaa'! is selected from the group consisting
of Tic, Phe(2-carbomyl}, Phe(3-carbomyl), Phe{4-carbomyl), Phe(4-COOH), Phe(4-OMe),
and Phe(4-tBu); Xaa' is selected from the group consisting of Aic, Gin, Cit, Gly{OMe), D-
His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp, Phe, B-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal,
Thr, Val; or Xaal3 is Pro.

[66377] In particular ermbodiments of any of the compounds and genuses described
herein, Xaa® is sclected from the group consisting of Cit, Phe(4-carbomyl), and N-Me-
homoArg, Xaa® is selected from the group consisting of Leu, homeoLey, Nie and Val; Xaa® is

selected from the group consisting of: Chba, homoLeu, and Cpa; Xaa'' is selected from the
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group consisting of Tic, Phe(2-carbomyly, Phe(3-carbomyl), Phe(4-COOH), Phe(4-OMe),
and Phe(4-tBu); Xaa' is selected from the group cousisting of Aic, Gln, Cit, Glu{OMe), D-
His, Tic, Phe(3-COOH)}, D-Arg, Bip, D-Trp, Phe, D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal,
Thr, Val; or Xaa'” is Pro.

186378 In soroe erbodiments, the C-terminal residue of any of the peptides described
herein, ¢.g., Formula (1V) (including any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, IV-G, IV-
H, and IV-I} or Formula {V} (including V-A), Formula (VI), Formula (A), Formula (B},
Formula (C), or Formula (D) further comprises a linker moicty sclected from the group
counsisting of DIG, PEGIS, PEGZS, PEGIK, PEG2K, PEG3 4K, PEG4K, PEGSK, IDA,
IDA-Palm, 1IDA-Boc, IDA-Isovaleric acid, Triazine, Trazine-Boc, Isophthalic acid, 1,3-
phenylenediacetic acid, 1,4-phenylenediacetic acid, glutaric acid, Azelaic acid, Pimelic acid,
Dodecanedioic acid, suitable aliphatics, aromatics, heteroaromaties, and polyethylene glycol
based linkers having a roolecular weight from approximately 400Da to approximately
40,000Da.

186379 Some embodiments of the present nvention further include a peptide
roonomer, wherein the peptide monomer comprises, consists essentially of, or consists of an
amino acid sequence represented by at least one of the sequences shown in the accompanying
figures and tables.

{00386} i addition, the present invention includes compounds comprising, consisting
essentially of, or consisting of any of the amino acid sequences described herein or shown in
any of the accompanying figures. In certain embodiments, the peptides further comprise one
or more modifying group and/or linker. In certain embodiments, one or both of the N- or (-
terminus of the peptides is modified. In particular exobodivaents, the N-termoinus 1s acylated.
in some embodiments, the N-termimus is acylated with an acylating organic compound
selected from the group consisting of 2-me~Trifluorobutyl, Trifluoropentyl, Acetyl, Gctonyl,
Butyl, Pentyl, Hexyl, Palmatyl, Lauryl, Olcoyl, and Lauryl, Trifluoromcthyl butyric,
cyclopentane carboxylic, cyclopropylacetic, 4-fluorobenzoic, 4-fluorophenyl acetic, 3-
Phenylpropionic, tetrahedro-2H-pyran-4carboxylic, succinic acid, and glutaric acid. In sowe
instances, small PEG {e.g., PEG4-PEGI3) 1s used as spacer before acylations. In some
instances Glu, IsoGhu, or Asp are used as spacer for acylations. In particular embodiments,

the C-terrmnus comprises a free amine, ¢.g., NH,. In particular embodiments, the peptide
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comprises an intramolecular linkage, ¢.g., between Xaa and Xaa'’ of Formula (1V) (or Xaa'
and Xaa' in Formulas (V3, (VD), (A), (B), (C), and (I3). The present invention also includes
compounds having any of the structures deseribed herein or shown in any of the

accompanying figures.

100381} In certain cwbodiments, the present invention provides a peptide of Formula
(Vi
Xaa'-Xaa™-Xaa’-Xaa'-Xaa’-Xaa"-Xaa'-Xaa"-Xaa"-Xaa'
{Forraula {(VI})
{G0382] or a pharmaceutically acceptable salt thereof, comprising a disulfide bond

, 1 o7 .
between Xaa® and Xaa', and wherein:
a1 .
Xaa 18 Pen,
2
2.
Xaa® is N-Me-Arg;
Xaa® is Ser;
>
4.
Xaa 18 Asp;
7 5 :
XKaa”is Thr,
Xaa”is Leu;
7.
Xaa' 18 Pen;
3
Xaa"1s Trp;
Xaa is absent or selected from the group cousisting of! Glu, D-Glu, f-homoGlu; and

ks 16 . M <
Xaa 18 any amino acid.

{(6383] In particular embodiments, Xaa' and Xaa' are linked via a disulfide bond.
[60384] In particular embodiments, Xaa'® is selected from the group cousisting of

D-Lys, N-Me-Lys, and D-N-Me-Lys.

100385] in particular embodiments, Xaa’ is present.
{00356} In particular cmbodiments of Formula (VI), Xaa' is acylated. In some

embodiments, Xaa' is acylated with an acylating organic compound selected from the group
consisting of Z-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octouyl, Butyl, Pentyl, Hexyl,
Palmityl, Lauryl, Oleoyl, and Lauryl, Trifluoromethyl butyric, cyclopentane carboxylic,
cyclopropylacetic, 4-fluorobenzoic, 4-fluorophenyl acetic, 3-Phenylpropionie, tetrahedro-2H-
pyran-dcarboxylic, succinic acid, and glutaric acid.  In some instances, small PEG (e.g.,

PEG4-PEG13) is used as spacer before acylations. In some instances Glu, IsoGlu, or Asp are
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use as spacer for acylations. In particular embodiments of Formula (VI), Xaa'’ compriscs
NH; or OH.
{60387] In one cmbodiment, a peptide monomer compound or a peptide dimer
compound of the present invention comprises a peptide molecule of Formula (B):
Xaa'-Kaa'-Xaa'-Xaa'-Xaa -Xaa’-Xaa-Xaa® Xaa’ - Xaa'”
{(Formula (D))
{(G38E] or a pharmaceutically acceptable salt thereof, wherein
Xaa' is Cys or Pen;
Xaa® is N-methyl-Arg;
Xaa' is Ser;
Kaa® is Asp;
Xaa® is Thr;
Xaz® is Leu or Nie;
Xaa' is Cys, Pen or D-Pen;
Xaa® is Trp, Tic, Bip, 1-Nal, 2-Nal, Phe(4-tBu), or Phe(4-COOH);
Xasa® is Glu, B-homoGlu, D-Glu, or Gly(OMe); and

10 - . .
Xaa' is any amino acid,

100389] wherein the peptide molecule comprises a bond between Xaa' and Xaa'.
160394 In particular embodiments, of Formula (), one or both of Xaa' and Xaa’
are Pen,

(66391} In particular emabodiments of Formula (D), Xaa' is Cys or Pen.

{(0392] In particular embodiments of Formula (D), Xaa' is D-Lys or N-Me-Lys.
[66393] In certain embodiments of Formaul (D), Xaa'® or the C-terminus of the

peptide comprises an NH; or an OH. In certain embodiments, a free amine in the C-terminal
amino acid is capped, e.g., with an acetyl group. ln particular embodiments of Formula (D),
Xaa' is acylated. In some cmbodiments, Xaa' is acylated with an acylating organic
compound selected from the group consisting of 2-me-Triflusrobutyl, Trifluoropentyl,
Acetyl, Octonyl, Butyl, Pentyl, Hexyl, Palmutyl, Lauaryl, Oleoyl, and Lauryl, Trifluoromethyl
butyric, cyclopentane carboxylic, cyclopropylaccetic, 4-fluorobenzoic, 4-fluorophenyl acetic,
3-Phenylpropionic, tetrahedro-ZH-pyran-4carboxylic, succinic acid, and glutaric acid. In

some instances, small PEG (e.g., PEG4-PEG13) 1s used as spacer before acylations. In some
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instances Glu, IsoGlu, or Asp are used as spacer for acylations. In particular embodiments of
Formula (D), Xaa'® comprises NH; or OH.

[60394] In alternative embodiments any of the peptide monomer compounds
herein, including peptide monomer compounds of any one of Formula V), including (V-
AYIV-1), Formula (V), Formula (V1}, Formula (C) and Formula (D), the C-terminal amivo
acid (e.g., Xaa'* or Xaa'") is sclected from the group consisting of: any amino acid with an
amine side chain, Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, Orn, Dab, Dap, Homolys, D-Dap,
D-Dab, D-Orm, Cys, HomoCys, Pen, D-HomoCys, D-Cys, D-Pen, Asp, Gha, D-Asp, D-Glu
and HomoSer, Asp, Ghy, homoGlu, D-Asp, B-Glu, D-homoGly, N-Me-Glu, N-Me-Asp, N-
Me-D-Glu, and N-Me-D-Asp.  Iu other alternative embodivoents of  peptide monomer
compounds herein, including peptide monomer compounds of any one of Formula (IV),
including (IV-A)(IV-0), Formmula (V}, Formula (V]), Formula (C)y and Formula (D}, the C-
terminal arnino acid {e.g., Xaa'' or Xaa'®), the C-terminal residue is sclected from the group
consisting of: Asp, Glu, homoGhy, D-Asp, D-Ghy, D-homoeGlu, N-Me-Glu, N-Me-Asp, N-
Me-D-Glu, and N-Me-D-Asp.

{66395] In further crabodiments, the present invention includes any of the peptide
monomers comprising an amino acid sequence or having a structure shown in the Examples
or in any of the accompanying figures. In cerfain embodiments, these sequences may include
different amino acid residues at the positions that form intramolecular bonds, ¢.g., Xaa® and
Xaa'" of Formula (IV), including any of those described herein to allow the formation of
particular types of bonds, e.g., disuifide, lactam, olefin, triazole {e.g., Click chemistry},
selenother, or diselenide bonds.

[00396] The present wvention further coraprises peptides coraprising or consisting
of any of the amino acid sequences described herein, e.g. any of the amino acid sequences
shown in the accompanying tables or figures, but absent any linker. In addition it includes
such petides having wvatural N-termuimt and/or C-ermini, N-termuinal and/or C-terminal
medifications depicted heretn, or other N-terminal or C-terminal modifications.

[66397] In certain embodiments, Xaa'” or the C-terminus of the peptide comprises
an NH, or an OH. In certain embodiments, g free amine i the C-terminal amino acid is
capped, e.g., with an acetyl group. In particular embodiments of Formula (B), Xaa' is

. ) 1 . . . .
acylated. In some cmbodiments, Xaa s acylated with an acylating organic compound
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selected from the group consisting of 2-me-Trifluorobutyl, Trifluoropentyl, Acetyl, Octonyl,
Butyl, Pentyl, Hexyl, Palmutyl, Lauryl, Oleoyl, and Lauryl, Trifluoromethyl butyric,
cyclopentane carboxylic, cyclopropylacetic, 4-fluorobenzoie, 4-fluorophenyl acetic, 3-
Phenylpropionic, tetrabedro-2H-pyran-dcarboxylic, succinic acid, and ghutaric acid. In some
instances, small PEG (e.g., PEG4-PEGI3) 1s used as spacer before acylations. lo some
instances Glu, IsoGlu, or Asp are used as spacer for acylations. In particular embodiments of
Formula (8), Xaa'" comprises NH, or OH. In particular embodiments of dimers of Formula
(B), the two monomer subunits are linked via their respective C-termini via a hinker moiety,
e.g., DG, In various embodiment, the peptide may further comprise one or more linkers or
other modifying groups, e.g., attached to the C- and/or N-terminas.

{60398} In further embodiments, the present invention includes any of the peptide
monomers comprising an aming acid sequence or having a structure shown in any of the
Examples and accompanying figures. In certain erabodiments, these sequences may nclude
different amino acid residues at the positions that form intramolecular bonds, ¢.g., Xaa® and
Xaa'" of Formula (IV), inlcuding any of those described herein to allow the formation of
particular types of bonds, e.g., disuifide, lactam, olefin, triazole {e.g., Click chemistry},
selenother, or diselenide bonds.

[60399] Tn: further embodiments, Xaa” is selected from the group consisting of Cys
or Pen. In some embodiments, Xaa'® is selected from the group consisting of Cys or Pen. In
particalar embodiments, Xaa® is selected from the group consisting of Phe(d-guanidine),
Phe(4-NH,), N-Mc-homoArg, homoArg, Tyr and His; Xaa® is sclected from the group
consisting of Leu, homoLeu, Nle and Val; Xaa% is CPA or Aoc; Kaa'’ is homoCys; Naa'l is
selected fromn the group cousisting of Tic, Phe(Z-carbomyl), Phe(3-carbomyl), Phe(4-
carbomyl), Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu}; Xaa' is sclected from the group
counsisting of Aig, Gln, Cit, Gh(OMe), D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp, Phe,
D-Phe, D-Val, B-Thr, D-1-Nal, D-2-Nal, Thr, Val; or Xaal3 is Pro.

{(3400] In addition, it is understood that any of the specific features described for
any of the compounds or Formulas described herein may be ncorporated to any other
compound or Formula described herein.  In addition, any of the compositions or methods
described heretn may be practiced using any of the compounds or compounds of any of the

Formulas described herein.
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{60401] In particular embodiments of any of the various formulas described herein,
peptides having the same structure or sequence as disclosed 1o PCT/US2013/064439,
PCT/US2014/032391 or PCT/US2014/032392 are cxcluded.
[80462] In certain embodiments, the present invention includes a peptide
comprising any of the amino acid sequences present w any of the peptides described herein,
{n particular embodiments, the present invention includes a peptide comprising or consisting
of one of the following amino acid sequences. In particular embodiments, the present
invention ncludes a peptide monomer compound comprising or consisting of one of the
following amino acid sequences. In particular embodiments, the present invention includes a
peptide dimer compound coraprising or cousisting of roonomer subunits comprising one of
the following amino acid sequences:
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-bomoGha}-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-{Phe-(4-COOH)-(B-homoGlu)-{(D-Lys);
Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{N-Me-Lys});
Peo-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B~-borooGlu)-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1 -Nal-{ -horaoGluy-(D-Lys};
Pen~-(N-Me-Arg)-Ser-Asp~Thr-Leu-Pen-2-Nal-Gla-(N-Me-Lys},
Pen~-({N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Phe{4-tBu)-(B-homoGla}-(D-Lys);
Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-( B-homoGlu -(N-Me-Lys);
Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu}-(N-Me-Lys};
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(N-Me-Lys};
Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lysy;
Pen-(N-Me-Arg)-Ser-Asp-Thre-Leu-Peu-1-Nal-{B-homoGluo)-(N-Me-Lys),
Pen-(N-Mec-Arg-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu)-(D-Lys); or
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-Trp-Ghi-(N-Me-D-Lys).
{00403] In certain embodiments, any of the peptides of the invention corprise 10-
35, 10-30, 10-25, 10-20 or 10-15 amino acids. In particular embodiments, the Pen residuces
within the peptide are hnked via a disulfide boud.
{80404] In certain conbodiments, the present mvention includes a peptide monoracr

compound comprising a peptide comprising any of the following sequences, wherein in
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certain embodiments the peptide monomer compound further comprises an N-terminal Ac
and/or a C-terminal WNH; or OH.:

Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu);
Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen~-(Phe-(4-COOH -(B-homoGlu);
Pen-(N-Me-Argi-Ser~-Asp-Thr-Leu-Pen-Trp-Glu;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu);
Pen~-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1 -Nal-{B-homoGlu);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-( B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(-homoGiuy;
Pen~-(N-Me-Arg)-Ser-Asp~Thr-Leu-Pen-2-Nal-{B-homoGlu);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- -Nal-{B-homoGlu);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1-Nal-{B-homoGlu);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{ f-homoGlu); or
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu,

In particular embodiments, the Pen residues within a peptide monomer compound are linked
via a disulfide bond.

Peptide Structure and Riological Activity

100405] The present wmvention provides various novel antagouist peptides.  These
compounds have been tested to more clearly characterize the increased affinity for adp7
binding, increased selectivity against a4fl, and increased stability in simulated intestinal
fluid (SIF). These novel avtagonist molecules demonstrate high binding atfinity with o487,
thereby preventing binding between 04f7 and the MAJCAM ligand. Accordingly, these
antagonist peptides have shown to be effective in eliminating and/or reducing the
mflammation process in various experiments.

{(3406] The present invention thus provides various monomer and dimer peptide
compounds which bind or associate with the o487 integrin, in serurn and SIF, to disrupt or
block binding between wdB7 and the MAJCAM ligand. The various peptide compounds of
the invention may be constructed solely of natural amino acids. Alternatively, the peptide

compounds may include non-natural amino acids including, but not limited to, modificd
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amino acids. Modified amino acids inchade natural amino acids which have been chemically
maodified to include a group, groups, or chemical moiety not naturally present on the amino
acid. The peptide compounds of the invention may additionally include D-amino acids. Still
further, the peptide compounds of the invention may include amino acid analogs.

100407} In certamn embodiments, peptide melecules of the present invention inhibif or
reduced binding between between a4B7 and the MAJCAM ligand. In certain embodiments, a

peptide of the present invention reduces binding of adB7 and the MAJCAM ligand by at least

[FS}

20%, at lcast 30%, at least 40%, at lcast 50%, at lcast 60%, at least 70%, at least 80%, or at
least 90% as compared to a negative control peptide. Methods of determining binding are
knowu in the art and mclode ELISA assays, for example.

{60408] in certain embodiments, a peptide molecule of the present invention has an
IC50 of < 300 oM, <250 nM, < 100 nM, <50 nM, <23 nM, <10 aM, <S5 oM, <3 oM, or <
20M, ¢.g., in binding to w47 or inhibiting vdfB7 from binding its receptor. Methods of
determining activity are known in the art and include any of those described in the
accompanying Examples.

100409] Certain peptide dimer compound and peptide monomer compounds, ¢.g.,
disulfide-containing dimers and monomers, have been shown to be gastrointestinal stable and
provide high levels of specificity and affinity for the a4p7 integrin. Some embodiments of
the present invention provide a peptide monomer compound or peptide dimer compound
having a half-life of greater than 60 minutes when exposed to simulated intestinal fluids
(8IF).  Some implementations further provide a peptide monomer corapound or peptide
dimer compound having a half-life from approximately 1 minute to approximately 60
miruates wn SIF. Sowe ewbodiments of the present invention provide a peptide molecule
comprising a half-life of greater than 180 minutes when exposed to SIF. Some
implementations  further provide a peptide molecule comprising a halt-iife from
approximately 60 minutes to approximately 180 minutes in SIF. Stmilarly, these peptides are
stable under reduced conditions and, in certain embodiments, have half-life >120min when
tested in DTT (Dithiothreitol) assay.

{00410} In certain embodiments, a peptide roonomer or ditaer of the present mvention
has increased stability, increased gastrointestinal stability, increased stability in stimulated

mtestingl fluid (SIF), or increased stability in simulated gastric fluid (SGF), as compared to a
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control peptide. In particular embodiments, a control peptide is a peptide having the identical
or a highly related aromno acid sequence (e.g., > 90% sequence wdentity) as the peptide, but
which docs not form a cyclized structure, e.g., through a disulfide or lactam bond. In
particular embodiments, a control peptide s a peptide having the identical or a highly related
aming acid sequence {¢.g., > 90% sequence identity) as the peptide, but which forms a
disulfide bond through two Cys residues {¢.g., as opposed to two Pen residucs). In particular
embodimeunts, the only difference between the peptide and the conirol peptide is that the
peptide comprises one or more armno acid substitutions that introduce one or more aming
acid residues into the peptide, wherein the introduced residue(s) forms a disulfide or lactam
bond with another residue in the peptide.

{60411} Methods of determining the stability of a peptide are known in the art. In
certain embodiments, the stability of a peptide is determined using an SIF assay, an SGF
assay, A DTT assay, or a Cys/CysS assay, ¢.¢., as described 1n the accompanying Exaraples.
in particular embodiments, a peptide of the present invention has a half-life under a given set
of conditions {e.g., temperature) of greater than 1 minute, greater than 10 minutes, greater
than 20 minutes, greater than 30 minutes, greater than 60 nunutes, greater than 90 minutes,
greater than 120 minutes, greater than 3 hours, or greater than four hours when exposed to
SIF or SGF. In certain cmabodiments, the temperature 18 about 25 °C, about 4 °C, or about 37
°C, and the pH is a physioclogical pH, or a pH about 7.4.

{86412 in some embodiments, the half-life is measured in vitro using any suitable
racthod known in the art, ¢.g., in some cmbodiments, the stability of a peptide of the present
invention is determined by incubating the peptide with pre-warmed human serum (Sigma} at
37 °C. Samples are taken at various tivae points, typically up to 24 hours, and the stability of
the sample is analyzed by separating the peptide monomer or dimner from the serum proteins
and then analyzing for the presence of the peptide of interest using LC-MS.

{00413} In some cmbodiments, a peptide of the present invention cxhibits improved
solubility or improved aggregation characteristics as compared fo a control peptide.
Solubility may be deterroined via any suitable method known in the art.  In some
embodiments, suttable methods known in the art for determining solubility include mcubating
peptides in various buffers (Acetate pH4.0, Acetate pHS3.0, Phos/Citrate pH5.0, Phos Citrate

pH6.0, Phos pH 6.0, Phos pH 7.0, Phos pH7.5, Strong PBS pH 7.5, Tris pH7.5, Tris pH 8.0,
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Glycine pH 9.0, Water, Acctic acid {pH 5.0 and other known in the art) and testing for
aggregation or solubility using standard techniques. These wnclude, but are pot himited to,
visual precipttation, dynamic light scattering, Circular Dichroism and fluorescent dyes to
measure surface hydrophobicity, and detect aggregation or fibrillation, for example. In some
embodiments, improved solubility means the peptide 1s voore soluble in a given hgquid than s
a control peptide.

{(03414] In some cmbodiments, the peptides of the present invention have less
degradation (i.c., more degradation stability), e.g., greater than or about 10% less, greater
than or about 20% less, greater than or about 30% less, greater than or about 40% less, or
greater than or about 50% less degradation than a control peptide. v some embodiments,
degradation stability is determined via any suitable method known in the art. In some
embodiments, suitable methods known in the art for determining degradation stability include
the method described in Hawe et al J Pharm Sci, VOL. 101, NO. 3, 2012, p 895-913,
incorporated herein in its entirety. Such methods are in some embodiments used to select
potent peptide raonomer ot dimer molecules with enhanced shelf ives.

{00415] In certain cmbodiments, peptides of the present mvention inhibit or reduce
adf7-mediated inflammation.  In related embodiments, peptides of the present invention
inhibit or reduce 04p7-mediated secretion of onc or more cytokines. Mcethods of deterraining
inhibition of cytokine secretion and inhibition of signaling molecules are known in the art.
{80416] In certain cmbodiments, peptides of the present invention demonstrate
icrcased binding selectivity. In certain instances, peptides of the present mvention binds to
adf7 with at least a two-fold, three-fold, five-fold, or ten-fold greater affinity than the
peptides bind to v4fil,

{00417} In certain embodiments, peptide antagonists show Hmited systemic
exposure and/or Gl-restricted localization following oral administration. In particular
cmbodiments, greater than 50%, greater than 60%, greater than 70%, greater than 80%, or
greater than 90% of orally administered peptide inhibitor is localized to gastrointestinal
organs and tissues. In particular erubodimuents, blood plasroa levels of orally administered
peptide inhibitor are less than 20%, less than 10%, less than 3%, less than 2%, less than 1%
or less than 0.5% the levels of peptide inhibitor found in the small intestine, colon, or

proximal colon.
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{60418} In certain embodiments, peptide antagonists of the present invention are

- .
/0]

efficacious in the treatment of colitis, ¢.g., ulcerative colitis, and have an 1C50 for 487 of
iess than 2 num or less than | nM as determined by ELISA or T cell assay, have a half-lifc of
greater than 4 h, greater than 5 h, greater than 6 h, greater than 12 h or greater than 24 h in
simaulated intestinal flnd (SIF), rat intestingal flaid (RIW), human miestinal fluid (HIF),
colonic wash {CW), intestinal mucosal homogenate (IMH), colonic mucosal homogenate
{CMH), simulated gastric fluid (SGF), plasma, Hu S9 or RL 89, In particular embodiments,
they are stable after 12 h, 24 h, or 48 h mcubation 1n anacrobic cultures of C. difficile, B.
fragilis, E. coli, B. bifidum, and L. acidophilus. In particular embodiments, they show no
significant antuvdcrobial activity against infestinal bacteria grown under anaerobic conditious.
{n particular embodiments, upon oral administration, the peptide antagonists show minimal
exposure in plasma/urine, and exhibit approximately equal exposure in the G of normal and
colitis-discased animals.

{00419} ad4f7 integrin present on gut-specific homing lymphocytes is a specific and
clinically validated target for IBD. The recently approved a4f7 antagounist antibody drug,
Entyvio {(vedolizurmab) has been described as the future front-line targeted therapy because of
its combined cfficacy and safety. The present invention provides novel, potent, target specific
and orally stable peptides against this integrin target, including sclective oral peptide
antagonists of 04f7 integrin with limited systemiic exposure, and which are cffective in
blocking T cell homing, preventing mucosal damage in murine models of IBI), and engaging
the integrin target as assessed by receptor occupancy in blood cclls and i the gastrointestinal
tissue. Certain peptides antagonists of the present invention, including Peptide X described
in the accorapanying examples, have comparable potency and selectivity to vedolizumab in a
variety of in vitro ccll binding assays. However, the peptide antagonists of the present
invention, including Peptide X, are distinguished as oral drugs and by thewr marked drug
exposure in the small intestine and colon, with the potential for expanding the population of
{BD patients being treated with targeted therapies.

[00420] The compounds of the present invention are peptide homo- or heterodimers
formed by hnking two subunit monomers at their C- or N-termini,  Dimerization of the
monomer subuntts demonstrate increased potency over their non-dimerized, monomer

analogs. Some peptide monomer and peptide dimer compounds of the present mvention
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demonstrated further increased potency as a result of substituting various natural amino acyl
restdues with N-methylated analog residues.  Further still, some peptide monomers and
dimer compounds of the present invention cormprise roonomer subunits that undergoe
independent cyclization, whereby the cyclized structures demonstrate increased stability over
their non-cyclized dimer analogs.

{60421} Referring now to Tables 3 and 4, charts are provided which include various
data illustrating increased stability for various non-limiting peptide molecules in accordance
with the mstant invention. Simulated Intestinal Fluid (51F) Stability assays were performed
for the majority of the instant peptide molecules. A selective sampling of these results s
provided in Tables 3 and 4.

{00422} According to the protocols discussed herein, applicant successfully
synthesized and purified integrin antagonist peptide monomer molecules and successfully
synthesized, purified, and dimerized the majority of the mitcgrin antagonist peptide dimer
molecules shown in the accompanying figures and tables. For those peptides wherein data is
not shown, it 1s expected that they will have an IC50 < 100 oM in 04B7 ELISA or cell
adhersion assays,

{(03423] Further, substifutions at arginine with N-Me-Arg increased half-life
substantially in SIF. In some embodiments, substitution of Cys with Penicillamine (Pen)
increased stability significantly i simulated intestinal fluids (SIF}. The substitution of Cys
with Pen also increased stability under reduced conditions (DTT) indicating tmproved gastric
stability.

{(0424] Referring now to Tables 3 and 4, charts are provided which include various
data iHustrating mcreased potency, selectivity and/or stability for various non-limtting sample
peptide dimer molecules in accordance with the instant mvention. The peptides also
demounstrate fow efficacy for vdfi] when compared to c4fl7, thereby indicating selectivity
against a4(7.

{G0425] Dimerization of the monomer peptides subunits generally demonstrated
increased affinity for 04f7 and/or decreased affiruty for 0481 leading to increased selectivity
against a4, as compared to the monomer disulfide subunit peptides.

100426} Upon C- and N-terminal dimerization, a significant improvement in potency

for w47 was also frequently obscrved. In addition, dimerization also lead to either decrease
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of potency for a4l or no significant change in potency leading to increased selectivity for
04p7 in ELISA and cell adhesion assays.

100427} When Arg is replaced with N-Mce-Arg, a significant improvement in potency
for a4f7 was shown in both ELISA and cell adbesion assays. N{alphaymethylation further
demoustrated increased molecular stability. Ope baving skill 1o the art will appreciate that
methylated isosteres of arginine may further demonstrate similar increases in potency and/or
stability.

{60428] The nvention provides a method for stabilizing a peptide dimer corapound or
peptide monomer compound, the method comprising a step for substituting Xaa® and Xaa'
with an amino acid residue selected from the group consisting of Cys and Pen, wherein Xaa'
and Xaa'" form a cyclized structure through a disulfide bond.

{603429] One embodiment includes a method for stabilizing a peptide dimer compound
or peptide monoraer corapound, by substituting Xaa' and Xaa'® (or Xaa' and Xaa' in
Formulas (I}, (D), (IV), (V) VD), (A), (B), (), or (D)) with compatible amino acid
residues that are capable of forroing a cyclized stracture through at least oue of disulfide bond
or lactam bond. In certain crmbodiments, the compatible arnino acids are selected from the
group consisting of Cys and Pen, and Xaa® and Xaa'® form a cyclized structure through a
disulfide bond. In certain embodiments, Xaa' is selected from the group consisting of Lys,
HLys, Ormn, Dap, and Dab, Xaa' is selected from the group consisting of Asp, Glu, HGhy, B-
Asp, and B-Glu, and Xaa® and Xaa'" are cyclized through a lactam bond.

160436] Certain embodiments include a method for incrcasing SIF stability of a
peptide dimer or peptide monomer compound of the present invention, comprising a step for
substituting N-Me-Arg for one or more unmethylated arginine residues. Other embodiments
include a method for increasing SIF stability of a peptide monomer compound of the present
invention, comprising a step for substituting Pen for one or more cysteine residues.

160431 Further embodiments inchude method for increasing redox stability of a
peptide dimer compound or peptide monomer compound according to the present invention,

comprising a step for substituting Pen for one or more cysteine residues.

Methods of Treatment and Pharmaceutical Compositions
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{66432] As discussed above, integring are heterodimers that function as cell adhesion
molecules. The 04 integrivs, o4B1 and o047, play essential voles in lymphocyte migration
throughout the gastrointestinal tract. They are expressed on roost leukocytes, inchuding B and
T lymphocytes, monocytes, and dendritic cells, where they mediate cell adhesion via binding
to their respective primary ligands, naroely vascular cell adhesion roolecule (VCAM) and
rucosal addressin cell adhesion molecule (MAJCAM). VCAM and MAACAM differ in
binding specificity, in that VCAM binds both a4p1 and a4p7, while MAJCAM is highly
specific for adB7.

{86433 Differences in the expression profiles of VUAM and MAJCAM provide the
most convincing evidence of thetr role in inflammatory discases. Both are counstitutively
expressed in the gut; however, VCAM cxpression extends into peripheral organs, while
MAJCAM expression is confined to organs of the gastrointestinal tract. In addition, elevated
MAJCAM expression in the gut has now been correlated with several gut-associated
inflamnmatory diseases, including Crohn’s discase, ulcerative colitis, and hepatitis C.

186434 The compounds of the nvention, including but not hmited to those
specificd in the accompanying cxamples, posscss integrin-antagonist activity, In one
embodiment, the condition or medical indication comprises at least one of Inflammatory
Bowel Piscase (IBD) (including adult 1BD, pediatric IBD and adolescent IBDY), ulcerative
colitis, Crohn’s disease, Celiac disease {e.g., nontropical Sprue), enteropathy associated with
scronegative  arthropathies, microscopic  colitis, collagenous colitis, cosinophilic
gastroenteritis, radiotherapy, chemotherapy, pouchitis resulting after proctocolectorny and
ilecanal anastomosis, gastrointestinal cancer, pancreatitis, insulin-dependent diabetes
mellitus, mastitis, cholecystitis, cholangitis, pencholangitis, chronic bronchitis, chrouic
sinusitis, asthma, primary sclerosing cholangitis, human immunodeficiency virus (HIV})
infection in the G tract, cosinophilic asthma, cosinophilic esophagitis, gastritis, colitis,
roicroscopic colitis, graft versus host discase (GVDH) (including micstinal GVDH), colitis
associated with radio~ or chemo-therapy, colitis associated with disorders of innate immunity
as in leukocyte adhesion deficiency-1, chronic granulomatous discase, glycogen storage
discase type 1b, Hermansky-Pudiak syndrome, Chediak-Higashi syndrome, and Wiskott-
Aldrich Syndrome, or pouchitis resulting after proctocolectorny and ilecanal anastomosis

and varwous forms of gastrointestinal cancer, osteoporosis, arthritis, nultiple sclerosis,
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chronic pain, weight gain, and depression. In another embodiment, the condition is
pancreatitis, wnsulin-dependent  diabetes  mellitus, wastitis, cholecystitis, cholangitis,
pericholangitis, chronic bronchitis, chronic sinusitis, asthma or graft versus host discase. In
addition, these compounds may be useful in the prevention or reversal of these diseases when
used i combination with currently available therapies, medical procedures, and therapeutic
agents.

{68435] The compounds of the invention may be used in combination with other
compositions and procedures for the treatment of disease.  Additionally, the compounds of
the present invention may be combined with pharmaceutically acceptable excipients, carriers
and diuent, and optionally sustained-release matrices, such as bodegradable polymers, to
form therapeutic compositions.

{(03436] In some embodiments, the present invention provides a method for treating
an individual afflicted with a condition or ndication characterized by integrin binding,
wherein the method comprises administering to the individual an integrin antagonist dimer
molecule according to Formula (1) (including any of I-A, -8, I-C, I-D, I-E, I-F, I-G, I-H, 1],
and I-J}, Forraula (1), Formula (111, Formula (A}, Formula (B), Formula (C), Formula (D),
Formula (8}, Formula (X), or Formula (H} or an integrin antagonist monomer molecule
according to Formula (IV) (inchuding any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, IV-G, IV-
H, IV-l and 1V-J), Fornmla {V} (including V-A), Formula {VI), Formula (A}, Formula (B),
Formula (C}, or Formula (D}, or any of the compounds described herein.

[68437] In one cmbodiment, a method is provided for treating an individual
afflicted with a condition or indication characterized by inappropriate trafficking of celis
expressing 0407 to tissues comprising cells expressing MAJACAM, comprising adronistering
to the individual an g4f87-antagonist dimer molecule according to at least one of Formula (1}
Formula (1), Formula (111, Formula (A}, Formula (B), Formula {C), Formula (I}, Formula
{8}, Formula (X}, or Formula (H), or an gdp7-antagonist monomer molecule according to at
least one of Formula (IV) Formulda (V), Formula {(V1}, Formula (A}, Formula (B), Formula
{C), or Formula (D)or any of the compounds described herein, in an amount sufficient {o
inhibit (partially or fully) the trafficking of celis expressing 0487 to tissucs comprising cells

expressing MAdCAM.
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{60438} In related cmbodiments, the present invention provides methods for
inhibiting adhesion of CD4+ memory T cells to MAJCAM-1 and/or primary leukocyies in
blood, comprising providing to a subject in need thercof an effective amnount of a peptide
dimer compound or peptide monomer compound of the present invention. The present
invention further provides methods of selectively inhibiting adhesion of CD4 memory T
cells to tissucs expressing MAJCAM-1 in the Gl tract, or inhibiting infiliration of c4f7+
cells into the small intestine and the colon {e.g., the distal colon), comprising providing to a
subject 1 need thercof an ctfective amount of a peptide dimer compound or pephide
monomer compound of the present invention.

100439] ln apother erobodimaent, the present juvention provides a method of
inhibiting binding of MAJdCAM-1 to a4f7 integrin, comprising contacting the MAACAM-1
with an integrin antagonist of the present invention. Various embodiments of methods of the
present invention may be carried out in vitro, ¢x vivo, or in vivo, In particular emnbodiments,
exposure of the administered peptide antagonist in GI tissues 18 at least 10-fold, at least 20-
fold, at lcast 50-fold, or at least 100-fold greater than the exposure in the blood.

{00440] In further related erobodiraents, the present invention provides a method
for reducing 047+ T cells in the G tract, e.g., in MLN, isolated lyophoid follicles, and/or
Peyers Patches, comprising providing 0 a subject in necd thereot an effective amount of a
peptide dimer compound or peptide monomer compound of the present invention. In
particular erobodivaents, the method also causes concomitant ncreases wn w47+ T cells
the spleen and/or blood.

{G0441] In a further related embodiment, the present invention provides a method
for increasing receptor occupancy of w47+ leukocytes, including memory T cells and/or
increasing the percentage of circulating o4B7+ memory T cells in blood, comprising
providing o a subject in need thercof an effective amount of a peptide dimer compound or
peptide monomer compound of the present invention.

{(0442] In some embodiments, the present invention provides a method whereby a
pharmaceutical composition coraprising an integrin antagonist dimer molecule according to
Formula (1) (including any of I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-L, and I-]), Formula {11}
(including H-A), Formula (lil), Formula (A), Formula (B), Formula (C), Formula (D),

Formula (8), Formula (X), Formula (H), or an integrin antagonist monomer molecule
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according to Formula (IV) (including any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, IV-G, IV-
HIV-L, and V-1, Formula (V) (inchudimg V-A), Formula (VI), Forroula (A), Formula (B),
Formula (C), or Formula (D), or any of the compounds described herein, is adrministered to a
subject as a first treatment.  In another cmbodiment, the method further comprises
admwinistering to the subject a second treatment.  In another embodiment, the second
treatment is administered to the subject before and/or simultancously with and/or after the
pharmaceutical composition is administered to the subject. In other embodiment, the second
treatment compriscs an anti-inflammatory agent.  In another ernbodiment, the second
pharmaceutical composition comprises an agent selected from the group consisting of non-
steroidal anti-inflammatory drugs, sieroids, and immune modulating agents.  To another
embodiment, the method comprises administering to the subject a third treatment.

{(03443] In one embodiment, a method is provided for treating an individual
afflicted with a condition or indication characterized by ¢4B7 integrin binding, wherein the
method comprises administering to the individual an cffective amount of a peptide dimer

i
!I

compound or peptide monomer compound of the invention, ¢.g., an o4p7 integrin antagonist
dimer molecule containing subunits of Formula (1) (including any of I-A, I-B, I-C, I-D, I-E, I-
F, -G, I-H, I and {-J}, Formula (1} (including H-A}, Formula (111}, Formula (A), Formula
(B), Formula (C), Formula (D), Forrula (8), Fornula (X), or Formula (H), or any of the
compounds described herein. In some instances, an o437 integrin antagonist dimer molecule
having subunits selected from and corresponding to Formula (1), Formula (3} Formula (111},
Formula (A), Fornmula (B), Formula (C}, Formula (D), Forraula (5), Formula (X}, or Formula
{H}, or an 047 integrin antagonist monomer molecule according to Formula (1V) (including
any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F, IV-G, IV-H, IV-], and IV-I}, Formula (V)
(including V-A), Formmla (V1}, Formula (A), Formula (B), Fornmla {C), or Formula (I3}, or
any of the compounds described herein, and having high specificity for 0487 is administered
to an individual as part of a therapeutic treatment for a condition or indication characterized
by 487 integrin binding.

[00444] Yet another aspect of the present fovention provides a coraposition for ireating
a subject in need of gdf7-specific antagornust therapy coraprising providing to the subject a

peptide dimer compound of Formula (I}, or any other compound described herein or in the
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accompanying figures and tables, having high selectivity for 047 integrin in combination
with a pharmaceutically acceptable carrier.

{00445] Yet another aspect of the present mvention provides a composition for treating
a subject in need of o4f7-specific antagonist therapy comprising providing to the subject a
compound of Formula (1), or any other compound described herein or mn the acompanying
figures and tables, having high sclectivity for a4(37 against 04B1 integrins in combination
with a pharmaceutically acceptable carrier.

{80446} Yet another aspect of the present mvention provides a composition for treating
a subject in need of o4f7-specific antagonist therapy comprising providing to the subject a
compound of Formula (1), or any other compound described herein or mn the acompanying
figures or tables, having high selectivity for 0487 against gER7 integrins in combination with
a pharmaceutically acceptable carrier.

{00447} Yet another aspect of the present mvention provides a composition for treating
a subject in need of a4P7 -specific antagonist therapy comprising providing to the subject a
compound of Formula (1), or any other compound described herein or mn the acompanying
figures or tables, having low sclectivity for a4p7 against aER7 integrins in combination with
a pharmaceutically acceptable carrier.

{00448} Yet another aspect of the present invention provides a method for treating a
subject in need of integrin-antagonist therapy comprising providing to the subject a peptide of
Formula (1}, or any other compound described herein or in the accompanying figures and
tables.

{(03449] Some embodiments of the present invention further provide a method for
treating an individual with an o437 mtegrin antagomst roonomer or dimer molecule that is
suspended in a sustained-relcase matrix., A sustained-release matrix, as used hercin, 18 a
matrix made of materials, usnally polymers, which are degradable by enzymatic or acid-base
hydrolysis or by dissolution. Once inserted mto the body, the matrix is acted upon by
enzymes and body fluids. A sustained-release mafrix desirably is chosen from biocompatible
materials such as liposomes, polylactides {polyvlactic acid), pelyglycolide {polymer of
glycolic acid), polylactide co-glyeohide (copolymers of lactic acid and glycolic acid)
polyashydrides, poly{orthojesters, polypeptides, hyaluronic acid, collagen, chondroitin

sulfate, carboxylic acids, fatty acids, phospholipids, polysaccharides, nucleic acids,
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polyamine acids, amino acids such as phenylalanine, tyrosine, isoleucine, polynuclesotides,
polyvinyl propylene, polyvinylpyrrolidone and silicone. A preferred biodegradable wairix is
a roatrix of one of cither polylactide, polyglycolide, or polylactide co-glycohide (co-polymers
of lactic acid and glycolic acid).

30450] In some aspects, the invention provides a pharmaceutical composition for
oral delivery. The various embodiments and monomer and dimer compositions of the instant
invention may be prepared for oral administration according to any of the methods,
techniques, and/or delivery vehicles described herein. Further, one having skill n the art will
appreciate that the monomer and the dimer compositions of the instant invention may be
roodified or integrated nto a system or delivery vehicle that 1s not disclosed herein, yet is
well known in the art and compatible for use in oral delivery of small dimer peptide
moelecules.

{60451} Oral dosage forms or unit doses compatibie for use with the monomer or
dimer peptides of the present invention may inchude a mixture of peptide active drug
componeunts, and vondrog components or excipients, as well as other non-reusable materials
that ruay be considered either as an mgrediont or packaging. Oral compositions may nclude
at least oune of a liguid, a solid, and a semi-solid dosage forms. In some embodiments, an oral
dosage form 1s provided comprising an cffective amount of dimer peptide having subunits
selected from and corresponding to Formula (1) (including any of I-A, I-B, I-C, {-D, I-E, I-.F,
1-G, I-H, |-, and |-]), Formula () (including H-A}, Formula (1), Formula (A}, Formula (B),
Formula (C), Fornula (D), Formula (8), Formula (X}, or Formula (H} or a monomcer peptide
selected from and corresponding to Formula (IV) {inchading any of 1V-A, IV-B, IV-C, IV-D,
IV-E, IV-F, IV-G, IV-H, IV-}, V-], Formula (V) (oclading V-A), Formula (V1), Forroula
(A}, Formula (B}, Formula (C), or Formula (B}, or any of the compounds described herein,
wherein the dosage form comprises at least one of a pill, a tablet, a capsule, a gel, a paste, a
drink, a syrup, ointment, and suppository. In some mnstances, an oral dosage form is provided
that is designed and configured to achieve delayed release of the peptide dimer in the subjects
small intestine and/or colon

{00452} In one embodiment, an oral pharmaceutical composition according to any
of the formulas described herein comprises an enteric coating that is designed to delay release

of the peptide in the small intestine. In at least some embodiments, a pharmaceutical
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composition is provided which comprises a peptide dimer compound having subunits
selected from and correspounding to Formaula (1) (including any of 1-A, -8B, I-C, I-D, I-E, I-F,
I-G, I-H, I-1, and 1-J), Formula (I1) (including II-A), Formula {Il}, Formula {A), or Formula
(B}, Formula (C}, Formula (D), Formula (8), Formula (X}, or Formula (H) or a monomer
peptide selected from and corresponding to Formula (IV) (inchuding any of IV-A, IV-B, IV-
C, IV-D, IV-E, IV-F, IV-G, IV-H, V-, and 1V-1}, Formula (V) (including V-A), Formula
{VI), Formula (A}, Formula (B}, Formula (C), or Formula (D), or any of the compounds
described hercin, and a protease inhibitor, such as aprotinin, 1 a delayed release
pharmaceutical formuilation. fn some instances it is preferred that a pharmaceutical
composition of the instant invention comprise an enteric coat that is soluble 1n gastric juice at
a pH of about 5.0 or higher. In at least one embediment, a pharmaccutical composition is
provided comprising an enteric coating comprising a polymer having dissociable carboxylic
groups, such as derivatives of cellulose, including hydroxypropylmethyl cellulose phthalate,
cellulose acctate phthalate and cellulose acetate trimellitate and similar derivatives of
cellulose and other carbohydrate polymers.

{B0453] In onc embodiment, a pharmaccutical composition having  subunits
selected from and corresponding to Formuda (3) (including any of I-4, -8, I-C, I-D, I-E, I.F,
-G, I-H, -] and 1)), Formula (1) (including I-A), Formula (D), Formula (A}, or Formula
(B), Formula (€}, Fornwla (D), Formula (8), Formula (X}, or Formula (H} or a2 monomer
peptide selected from and corresponding to Formula (1V) {including any of IV-A, IV-B, IV-
C, IV-D, IWV-E, IV-F, V-G, IV-H, IV-L, IV-]}, Formuls (V) (including V-A), Formula (VI},
Formula (A}, Formula (B), Formula (C), or Formula (B3}, or any of the compounds described
herein, 18 provided in an enteric coating, the enieric coating being designed to protect and
relcase the pharmaceutical composition in a controlled manner within the subjects lower
gastrointestinal system, and to aveid systemic side effects. In addition to enteric coatings, the
monomer or dimer peptides of the instant invention may be encapsulated, coated, engaged or
otherwise associated within any compatible oral drug delivery system or component.  For
exaraple, 10 some embodiments a peptide of the present mvention s provided i a hpd
carricr systom comprising at least one of polymeric hydrogels, nanoparticles, microspheres,

micelles, and other lipid systems.
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{60454] To overcome peptide degradation in the small intestine, some
implementations of the present invention coraprise a hydrogel polymer carvier systern in
which a peptide monomer or dimer in accordance with the present invention is contained,
whereby the hydrogel polymer protect the peptide from proteolysis in the small intestine
and/or colon, The peptides of the present invention may further be formulated for companble
use with a carrier system that 18 designed to increase the dissolution kinetics and enhance
intestinal absorption of the peptides. These methods include the use of liposomes, miceles
and nanoparticles to increase Gl tract permeation of peptides.

{B0455] Various bioresponsive systems may also be combined with one or more
peptide monomers or dimers of the prescut wvention fo provide a pharmaceutical agent for
oral delivery. In some embodiments, a peptide monomer or dimer of the instant invention is
used in combination with a biorespounsive system, such as hydrogels and mucoadhesive
polymers with hydrogen bonding groups {e.g., PEG, poly(methacrylic) acid [PMAA],
cellulose, Budragit®, chitosan and alginate) to provide a therapeutic agent for oral
admnistration.  Other erobodimacnts wnclude a method for optimizing or prolonging drug
residence time for a peptide monomer or dimer disclosed herein, wherein the surface of the
peptide monomer or dimer is modified to comprise mucocadhesive propertics through
hydrogen bonds, polymers with linked mucins ov/and hydrophobic interactions.  These
modified monomer or dimer molecules may demonstrate increase drug residence time within
the subject, in accordance with a desired feature of the mvention. Moreover, targeted
raucoadhesive systems may specifically bind to receptors at the enterocytes and M-cell
surfaces, thereby further increasing the uptake of particles containing the dimer peptide.
[(30456] Other erobodiments comprise a method for oral delivery of a dimer peptide
having subunits selected from and corresponding to Formula (I} (including any of I-A, I-B, I-
>, D, LB, IWF, G, IWH, B and 1), Formula () (including H-A), Formula (1), Formula
{A), or Formula (B), Formula (C), Formula (D), Fornula (8), Formula (X)), or Formula (H),
or a monomer peptide selected from and corresponding to Formula (1V) (inchuding any of 1V-
AL IV-B, IV-C IV-D, IV-E, IV-F, IV-G, IV-H, IV-] and |-J}, Formula (V) Gucluding V-A),
Formula (VI), Formula (A), Formula (B), Formula (C), or Formula (D), or any of the
compounds described herein, wherein the dumer peptide 15 used in combination with

perrcation enhancers that promote the transport of the dimer peptides across the intestinal
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rucosa by increasing paracellular or transcellular permeation.  For example, in one
embodiment a permeation enhancer is combined with a dimer peptide having subunits
selected from and corresponding to Formula (1) {including any of 1-A, 1-B, I-C, I-D, I-E, I.F,
1-G, I-H, 11, and 1-3}, Formula (1) {including H-A}, Formula (1i1}, Formula (A}, or Formula
{B), Formula (C), Formala (I3, Formula (S}, Formula (X), or Formula (H), or a monomer
peptide sclected from and corresponding to Formmla (1V) (inchuding any of IV-A| IV-B, IV-
C, IV-D, IWV-E, IV-F, V-G, IV-HL VAL VA, Formula (V) (including V-A), Formula (VI
Formula (A), Formula (B), Formula (C), or Formula (I3}, or any of the compounds described
herein, wherein the permeation eshancer comprises at least one of a long-chain fatty acid, a
bile salt, an amphiphilic surfactant, and a chelating agent. To one embodiment, a permeation
enhancer comprising sodium N-[hydroxybenzoyllamino] caprylate is used to form a weak
noncovalent association with the dimer peptide of the instant invention, wherein the
permeation cnhancer favors membrane transport and further dissoctation once reaching the
blood circulation. In another embodiment, a peptide dimer of the present invention is
conjugated to oligoarginine, thereby increasing cellular penetration of the monowmer or dimer
peptides into various cell types. Further, in at least one embodiment a noncovalent bond 1s
provided between a monomer or dimer peptide bhaving subunits selected from and
corresponding to Formula (1) (including any of I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-L I-]),
Formula (1) (inchuding {I-A), Formula (111}, Formula (A}, or Formula (B}, Fornwla (C),
Formula (D), Formula (S}, Formula (X}, or Formula {(H}, or a monomer peptide selected from
and corresponding to Formula (IV) (including any of IV-A, IV-B, IV-C, IV-D, IV-E, IV-F,
V-G, IV-H, IV-], and IV-J}, Formula (V) {(including V-A), Formula (VI), Formula (A},
Formula (B), Formula (C), or Formula (D), or any of the compounds described herein, and a
permeation cnhancer selected from the group consisting of a cyclodextrin {(CD) and a
dendrimer, wherein the permeation enhancer reduces peptide aggregation and increasing
stability and solubtility for the peptide molecule.

{66457} Particular embodiments include a method for treating a condition in a
subject comprising admirustering a pharmaceutical composition comprising a peptide dimer
compound or peptide monomer compound deseribed herein to the subject, wherein the

condition 1s treatable by reducing the activity (partially or fully) of 04B7 in the subject. In
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certain embodiments, the subject is a human being. In certain embodiments, the condition is
an ioflammatory condition of the gastrointestinal syster.

[88458] Other embodiments include a method for treating a human afflicted with a
condition that is associated with a biological function ¢4p7 and comprise administering to the
individual a peptide dimer compound or peptide monower compound described herein in an
amount sufficient to inhibit (partially or fully) the biclogical function of w47 in one or more
tissues expressing MAJCAM. In one embodiment, the condition is an inflammatory bowel
discase. In certain cmbodiments, the condition 15 selected from the group consisting of
Inflammatory Bowel Disease {(IBD) (including adult IBD, pediatric 1BD and adolescent
IBD), ulcerative colitis, CrohnU's disease, Celiac disease {e.g., nontropical Sprue), enteropathy
associated with seroncgative arthropathics, microscopic colitis, collagenous colitis,
cosinophilic  gastroenteritis, radiotherapy, chemotherapy, pouchitis  resulting  after
proctocolectomy and ileoansl anastomosis, gastromtestinal cancer, pancreatitis, insulin-
dependent diabetes mellitus, mastitis, cholecystitis, cholangitis, pericholangitis, chronic
bronchitis, chronic  sinusitis, asthra, primary  sclerosing  cholangitis, human
immunodeticiency virus (HIV) infection in the GI tract, cosnophilic asthma, cosinophilic
esophagitis, gastritis, colitis, microscopic colitis, graft versus host disease (GVDH} (including
intestinal GVDH), colitis associated with radio- or chemo-therapy, colitis associated with
disorders of innate immunity as in leukocyte adhesion deficiency-1, chronic granulomatous
discase, glycogen storage disease type 1b, Hermansky-Pudlak syndrome, Chediak-Higashi
syndrorae, and Wiskott-Aldrich Syndrome, or pouchitis resulting after proctocolectomy and
ilecanal anastomosis and various forms of gastrointestinal cancer, osteoporosis, arthritis,
multiple sclerosis, chronic pain, weight gain, and depression.  In another embodiment, the
condition is pancreatitis, insulin-dependent diabetes mellitus, mastitis, cholecystitis,
cholangitis, pericholangitis, chronic bronchitis, chronic sinusitis, asthma or graft versus host
discase.

{B8458] In various embodiments of any of the methods of treatment described
herein, the peptide dimer compound or peptide monower compound s adrministered to the
individual by a form of admunistration sclected from the group consisting of oral,
intravenous, peritoneal, intradermal, subcutancous, intramuscular, intrathecal, inhalation,

vaporization, nebulization, sublingual, buccal, parenteral, rectal, vaginal, and topical.
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{60460} In particular embodiments, the o4B7 imtegrin antagonist molecule
comprises an increased half-life. In one embodiment, the increased half-hife is at least one day
in vitro or in vivo. In further ecmbodiments, the increased halt-life 1s equal to or greater than a
period consistent with no more frequent than twice daily dosing in vivo, the a4p7 integrin
antagonist peptide dimer compound or peptide monomer compound comprises of 1§ present
in a pharmaceutical composition that is administered orally. In certain embodiments, the
increased half-life is from approximately 12 hours to greater than 24 in vive, and the adf}7
infegrin antagonist peptide ditacr compound or peptide monomer compound comprises or is
present in a pharmaceutical composition that is administered parenterally, In certain
embodiments, the increased half~life s frow approximately 12 hours to greater than 24 hours
in vivo, and the ¢df7 integrin antagonist peptide monomer compound comprises or is present
in a pharmaceutical preparation that is administered topically.

Related embodiments of the invention provide a mcethod for treating an individual in need
thereof with an 047 integrin antagonist monomer or dimer molecule having an increased
halt-life. In one aspect, the present invention provides an integrin antagonist monomer or
dimer molecule having a half-life of at least several hours to one day in vitro or in vive {e.g.,
when administered to a human subject) sufficient for daily {q.d.}, twice daily (b.1.d.), or thrice
datly (ti1.d.) dosing of g therapeutically cffective amount. In another embodiment, the
monomer or dimer molecule has a half-life of three days or longer sufficient for weekly
{q.w.} dosing of a therapeutically effective amount. Further, in another embodiment the
monomer or dimer molecule has a half-life of cight days or longer sufficient for bi-weekly
{b.i.w.} or monthly dosing of a therapeutically effective amount. In another embodiment, the
monomer or dimer molecule is derivatized or wodified such that is has a longer haif-life as
compared to the underivatized or unmodified dimer molecule. In another embodiment, the
monomer or dimer molecule contains one or more chemical modifications to increase serum
half-life.

{(0461] When used in at least one of the treatments or delivery systems described
herein, a therapeutically effective amount of one of the cornpounds of the present wvention
may be cmployed n pure form or, where such forms cxast, in pharmuaceutically acceptable
salt form. As used herein, a “therapeutically effective amount” of the compound of the

mvention 18 meant to describe a sufficient amount of the peptide monomer or dimer
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compound to treat an integrin-related discase, {for cxample, to reduce inflammation
associated with IBD) at a desired benefit/risk ratio apphicable to any medical treatroent. It will
be understood, however, that the total daily usage of the compounds and compositions of the
present inveuntion will be decided by the attending physician within the scope of sound
roedical judgment. The specific therapeutically effective dose level for any particular subject
will depend upon a variety of factors including: a) the disorder being treated and the severity
of the disorder; b} activity of the specific compound employed; ¢} the specific composition
employed, the age, body weight, general health, sex and dict of the subject; d) the time of
administration, route of administration, and rate of excretion of the specific compound
employed; ¢) the duration of the treatment; {) drugs used 1 combination or coincidental with
the specific compound cmployed, and like factors well known in the medical arts. For
example, it 19 well within the skill of the art to start doses of the compound at levels lower
than those reguired to achicve the desired therapeutic effect and to gradually merease the
dosage until the desired effect is achieved.

100462} Altervatively, a compound of the present inveotion raay be adroinistered as
pharruaceutical compositions containing the cormpound of interest in combination with one or
more pharmaceutically acceptable excipients. A pharmaceutically acceptable carrier or
excipicnt refers to a non-toxic solid, serni-solid or hquid filler, diluent, encapsulating material
or formulation auxiliary of any type. The compositions may be administered parenterally,
intracisternally, intravaginally, intraperitoneally, intrarectally, topically (as by powders,
ointments, drops, suppostiory, or transdermal patch), or buccally. The term “parenteral” as
used herein refers to modes of administration which include intravenous, intramuscular,
infraperitoneal, iotrasternal, subcutancous, wiradermal and intraarticular injection and
infusion.

{80463} Pharmaceutical  compositions  for parenteral  injection  comprise
pharroaceutically  acceptable  sterile  aquecus or nonaquecous  solutions,  dispersions,
suspensions or emulsions, as well as sterile powders for reconstitution into sterile injectable
solutions or dispersions just prior to use. Examples of suitable agueous and nonagueous
carricrs, diluents, solvents or vehicles include water, cthanol, polvols (such as glycerol,
propylene glycol, polyethylene glycol, and the like), carboxymethyiceliulose and suitable

roixtures thercof, vegetable oils (such as olive oil), and injectable organic esters such as ethyl
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oleate. Proper fluidity may be maintained, for example, by the use of coating materials such
as lecithin, by the maintenance of the required particle size in the case of dispersions, and by
the use of surfactants.

180464] These compositions may also contain adjuvants such as preservative,
wetting agents, erulsifying agents, and dispersing agents. Preveotion of the action of
microorganising may be cnsured by the inclusion of various antibacterial and antifungal
agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be
destrable to mchude isotonic agents such as sugars, sodium chloride, and the like. Prolonged
absorption of the injectable pharmaceutical form may be brought about by the inchusion of
agents which delay absorption, such as aluminure monostearate and gelatin,

{(0465] Injectable depot forms are made by forming microencapsule matrices of
the drug in biodegradable polymers such as polylactide-polyglycolide, poly{orthoesters},
poly{anhydrides), and (polyjglycols, such as PEG. Depending upon the ratio of drug to
polymer and the nature of the particular polymer emiployed, the rate of drug release can be
countrolled. Depot injectable formulations are also prepared by entrapping the drug in
fiposomes or microernulsions which are cornpatible with body fissues.

{(03466] The injectable formulations may be stertlized, for example, by filtration
through a bacterial-retaining filter, or by mncorporating sterilizing agents in the form of sterile
solid compositions which can be dissolved or dispersed in sterile water or other sterile
injectable medium just prior to use.

[68467] Topical administration includes administration to the skin or mucosa,
including surfaces of the lung and eye. Compositions for topical lung administration,
including those for inhalation and intranasal, may involve solutions and suspensions in
aqueous and non-agueous formulations and can be prepared as a dry powder which may be
pressurized or non-pressurized. In noun-pressurized powder compositions, the active
mgredient in finely divided formn may be used in admixture with a larger-sized
pharmaceutically acceptable inert carrier comprising particles having a size, for example, of
up to 100 micrometers in diameter. Suitable wnert carriers juclade sugars such as lactose.
{00468} Alternatively, the composition may be pressurized and contain a
compressed gas, such as nitrogen or a liquetied gas propellant. The liquefied propellant

raedium and indeed the total composition 1s preferably such that the active ingredient does
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not dissolve therein to any substantial extent. The pressurized composition may also contain a
surface active agent, such as a hqud or solid non-ionic surface active agent or roay be a solid
antonic surface active ageunt. It 1s preferred to use the selid anionic surface active agent in the
form of a sodinm salt.

100469] A further form of topical admindstration is to the eye. A compound of the
invention is delivered in a pharmaceutically acceptable ophthalmic vehicle, such that the
compound is maintained in contact with the ocular surface for a sufficient time period to
allow the compound to penetrate the corneal and internal regions of the cye, as for example
the anterior chamber, posterior chamber, vitreous body, aqueocus humor, vitreous humor,
cornea, ins/ciliary, lens, chorowd/retiva and sclera. The pharroaceutically acceptable
ophthalmic vehicle may, for example, be an ointment, vegetable oil or an encapsulating
material. Alternatively, the compounds of the invention may be injected directly into the
vitreous and agucous hurnour.

166476] Compositions for rectal or vaginal administration are preferably
suppositorics which may be prepared by nuxing the compounds of this jovention with
suitable non-irritating excipients or carriers such as cocoa butter, polycthylene giveol or a
supposttory wax which are solid at room temperature but lignid at body temperature and
therefore melt in the rectum or vaginal cavity and release the active compound.

160471} Compounds of the present invention may also be administered in the form
of liposomes. As is known in the art, liposomes are generally derived from phospholipids or
other lipid substances. Liposomes are formed by mono- or nulti-lamellar hydrated hquid
crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically acceptable
and metabolizable hipid capable of forming hiposomes can be used. The present compositions
in liposome form can contain, in addition to a compound of the present invention, stabilizers,
preservatives, excipients, and the like. The preferred lipids are the phospholipids, including
the phosphatidyl cholines (lecithing) and serines, both natural and synthetic. Methods to form
liposomes are known in the art,

[60472) Total daily dose of the compositions of the invention to be administered to
a human or other mamrnal host 1n single or divided doses may be in amounts, for example,

from (.0001 to 300 mg/kg body weight daily and more usually 1 to 300 mg/kg body weight.
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Non-fnvasive Detection of Intestinal Inflammation

[60473] The peptides of the invention may be used for detection, assessment and
diagnosis of intestinal inflammation by microPET imaging using an orally stable compound
described herein, and that is further labeled with at least one of a chelating group and a
detectable label as part of a non-invasive diagnostic procedure. Tn one ermbodiraent, an
integrin antagonist monomer or dimer moelecule is conjugated with a bifunctional chelator to
provide an orally stable monomer or dimer molecule. In another embodiment, an integrin
antagonist monomer or dimer molecule 18 radiolabeled to provide an orally stable monomer
or dimer molecule. The orally stable, chelated or radiolabeled monomer or dimer molecule s
then administered to a subject ovally or rectally.  In one ersbodivaent, the ovally stable
monomer or dimer molecule is inchuded i drinking water. Following uptake of the monomer
or dimer molecules, microPET imaging may be used to visualize inflammation throughout

the subject’s bowels and digestive track,

Methods jor Deternuning Receptor Occurpany and fntegrin Expression

{33474 The peptides of the invention may be used for determining binding and
04p7 integrin receptor occupany of a peptide, e.g., on CD4 T cells, natve CD4 T cells, or B
cells. For example, receptor occupany of blood cells may be determined using blood obtained
from a subject {c.g., a wammal or buman) having been administered a peptide dimer
compound or peptide monomer compound of the present mvention, ¢.g., when the compound
was orally administered to the subject. Alternatively, receptor occupany may be determined
based on in vitro binding and competition of a peptide dimer compound or peptide monomer
compound of the present invention.

100475} In certain embodiments for FACS analysis, heparinized whole bisod from
animals ¥c.g., cyanos) is stained with cach of two pancls of antibodies to evaluate (1) the
extent of udf7 receptor occupancy in samples treated with a peptide dimer compound or
pepiide monomer compound described heren; and (2) the abundance of circulating o474,
aBER7+, and odP7+oER7+ fymphocyte subsets. Receptor occupancy and integrin ¢xpression
are assessed within memory CB4 T cells, naive CD4 T cells, and B cells. To evaluate
receptor occupancy, whole blood samples are first treated with TraM MnCI2 to allow peptide

binding, and then pre-incubated +/— 1uM unlabeled peptide to fully oceupy (i.e., block) the
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a4p7 receptor. Blocked and unblocked samples were stained with InM Alexa 647-labeled
pepiide, followed by staining with antibodics agamnst 047, CD4S, CD4, CD4SRA, and
CD19. Samples are processed to lyse erythrocytes and fix leukocytes, followed by staning
with a second-step reagent (streptavidin-BV421) and wash steps. To assess integrin
expression and cell subset abundance, whole blood samples aere stained with antibodies
against g4, B7, and oF, in addition to antibodics against CD45, CD4, CD45RA, and CD19.
Samiplesare processed to lyse erythrocytes and fix leukocytes, followed by staining with a
second-step reagent (streptavidin-BV421) and wash steps.  The stained samples are analyzed
by tlow cytometry, collecting a constant sample volume to allow calculation of absolute cell
counts,

(0476} In one embodiment for determining receptor occupancy, & blood sample
obtained from a subject having been administered {(¢.g., orally} a peptide dimer compound or
peptide monomer corapound of the present invention 18 incubated with a detectably labeled
version of the same peptide dimer compound or peptide monomer compound, under
counditions and for a time sufficicnt to allow binding of the labeled peptide to cells within the
blood sample. The samples are then stamed with antibodies and/or other reagents that bind to
a4f7 ntegrin, and other markers of CB4 Teells, naive CD4 T cells and/or B cells. The
samples arc then processed to lyse erythroeytes and fix leukoctyes, stained with a sccond-step
reagent, ¢.g., to allow antibody detection and/or cell sorting, washed, and analyzed by flow
cytometry to determine the amount of competitor peptide binding to the CD4 Teells, naive
CD4 T cells and/or B cells. The receptor occupany of the peptide dimer compound or peptide
monomer compound may be determined based upon the amount of labeled peptide detected
bound to the cells, optionally further in view of the amount of @47 detected on the cells.
{80477} In another cmbodiment for determining receptor occupancy, a blood
sample obtained from a donor animal {(e.g., a mammal or human ot treated with the peptide)
is incubated with an unlabeled peptide dimer compound or peptide monomer cormpound of
the present invention, or with a negative control {such as buffer only or an unrelated peptides,
under conditions and for a time sufficient to allow binding of the unlabeled peptide to cells
within the blood sample.  The samples are then stained with a detectably-labeled version of
the same peptide dimer compound or peptide monomer compound of the present invention

{under conditions and for a time sufficient to allow binding of the labeled peptide to cells
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within the blood sample), followed by staining with antibodies and/or other reagents that bind
to 04B7 integrin, and other markers of CD4 Teells, naive CD4 T cells and/or B cells. The
samples arc then processed to lyse erythroeytes and fix leukoctyes, stained with a sccond-step
reagent, e.g., to allow antibody detection and/or cell sorting, washed, and analyzed by flow
cytometry to determive the amount of competitor peptide binding to the CD4 Teells, naive
CD4 T cells and/or B celis. The receptor occupany of the test peptide may be determined
based upon the amount of labeled peptide detected bound to the cells, optionally further in
view of the arnount of 47 detected on the cells.

{30478} In another embodiment for evaluating receptor occupancy of a test peptide,
a blood sample is 1ncubated with an unlabeled test peptide or a negative control (such as
buffer only or an unrelated peptide), under conditions and for a time sufficient to allow
binding of the test peptide to cells within the blood sample. The samples are then stained
with a detectably-labeled peptide dimer compound or peptide monomer compound of the
present invention {competitor peptide), followed by staining with antibodics and/or other
reagents that bind to a4B7 integrin, and other warkers of CD4 Teells, naive CD4 T cells
and/or B cells. The saraples are then processed to lyse ervthrocytes and fix leukoctyes,
stained with a second-step reagent, e.g., to allow antibody detection and/or cell sorting,
washed, and analyzed by flow cytometry to determine the amount of competitor peptide
binding to the CD4 Teells, naive CD4 T cells and/or B cells. The receptor occupany of the
test peptide may be determined based upon the amount of competitor peptide detected bound
to the cells, further in view of the amount of adf7 detected on the cells.

{603479] In one example, whole blood samples (e.g., mouse, rat or human blood)
are first treated with TmM MnCi2 to allow test peptide binding, and then pre-incubated +/-
fuM unlabeled Peptide X to bind {i.e., block} the 047 receptor, or with no peptide or a
negative control peptide (unblocked). Blocked and unblocked samples are stained with InM
Alexa 647-labeled Peptide X, followed by staining with antibodics against 0487, CD45, CD4,
CD45RA, and CD19. Samples are processed to lyse erythrocytes and fix leukocytes,
followed by staining with a secoud-siep reagent (streptavidin-BV421) and wash steps.  All
stained samples were analyzed by flow cytometry, collecting a constant sample volume to

allow calculation of absolute cell counts.
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{(0450] To assess integrin expression and cell subset abundance, whole blood
samples are stained with antibodies against o4, B7, and «E, 1n addition to antibodies against
CD45, CD4, CD45RA, and CD19. Samples are processed to lyse erythrocytes and fix
leukocytes, followed by staining with a second-step reagent (streptavidin-BV421) and wash
steps.  All stained saroples were analyzed by flow cytometry, collecting a constant sample
volume to allow calculation of absolute cell counts.

{G0481] In particular embodiments, to prevent receptor internalization, cells are
kept cold during all steps prior to fization, and incubations are performed at 4 degrees C
{except for red blood cell tysis).

186482] Detailed description of one ernbodiroent of the assay 1s described below.,
{60483 MnCly i added to cach blood sampie (about 100 ul) at a final concentration
of about TmM; the sample i1s mixed and incubated at 4 degrees C for 10-15 minutes.

100484] Uniabeled  peptide {or control) is added to the sample at a final
concentration of 1uM or DMSO vehicle control (matching conceniration of DMSO) to the
appropriate blood saraples, roixed, and incubated at 4 degrees C for 60 mnutes.

{00485] Labeled peptide 1s added at a final concentration of 1nM to the appropriate
blood samples mixed, and incubated at 4 degrees C for 60 minutes.

{30486] Antibody staining cocktail is added to cach blood sample, ¢.g., integrin
ad/b7/ac cocktail including labeled antibodies that bind CDM45 (C45 V300), Cb4 (CP4
Ax700), CD4SRA (CD4SRA FITC), CDI9 (C19 PE-CF594), integnin a4 (otegrin vd
biotin), integrin B7 (integrin §7 PE), or integrin oF (integrin oF PE-Cy7); or receptor
occupancy staining cocktail including C45 V500, CD4 Ax700, CD45Ra FiTe, CDI9 PE-
CF594, vedolizumab-biotin, and integrin «E PE-Cy7; mixed, and incubated at 4 degrees C
for 30 minutes.

{30487] Samples are then treated with a T0-volume excess of Ix FACS Lysing Sohution
{diluted from 10x stock) to lyse red blod cells, mixed thoroughly, and incubated at Room
Temperature for 10 minutes. Samples are centrifuged at 400 x g for 5 min, supernatant is
removed, and cells are resuspended in PBS/BSA/MnCI2 to wash. Cells are cenirifuged again
similarly and supernatant removed; washing 1s repeated.

{30488] Cells are stained with Streptavidin BV421 at a final dilution of 11000 in

PBS/BSA/MnCl, mixed thoroughly, and incubated at 4 degrees C for 30 nunutcs.
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[G04589] Cells are washed twice with PBS/BSA/MnCl, as above, and then
resuspended in PBS/BSA/MnCl,

{00490] Samples arc run on a flow cytometer, collecting a consistent saraple
volume across all samples to allow calculation of absolute event counts through FACs
avalysis. Receptor occupany of the test peptide may be determined based on the relative
amount of competitor peptide that binds to unblocked sampics as compared to sampies
blocked with the test peptide.

[88491] In another specific example, heparinized whole bleod from human donors
is stained with cach of two panels of antibodies to evaluate (1} the extent of w4p7 receptor
occupancy in peptide-treated samples and (2) the abuyndance of circulating «dp7', «EBT7,
and c4R7 aER7  lymphocyte subsets. Receptor occupancy and integrin expression are
assessed within memory CD4 T cells, naive CD4 T cells, and B cells.

[60492] To evalnate receptor occupancy, whole blood samples are fivst treated with
ImM MnCl, to allow peptide binding and then pre-incubated +/— 1uM unlabeled peptide to
fully occupy (i.e., block) the w47 receptor. Blocked and unblocked samples are stained with
InM Alexa 647-labeled peptide, followed by staining with antibodics against adf7, CD45,
CD4, CD45RA, and CD9. Samples are then processed to lyse erythrocytes and fix
icukocytes, followed by staining with a sccond-step reagent (streptavidin-BV421) and wash
steps.

186493] To assess integrin expression and cell subset abundance, whole blood
samples are stained with antibodies against a4, B7, and oF, in addition to antibodies against
CD45, CD4, CD45RA, and CD19. Samples are then processed to lyse erythrocytes and fix
leukocytes, followed by staining with a second-step reagent (streptavidin-BV421) and wash
steps.

100494] Al stained samples are analyzed by flow cytometry, collecting a constant
sample volume to allow calculation of absohute cell counts. In one, recepior occupany 18
determined by determing an amount of labeled peptide that binds to the blood cells after the
blood cells have been contacted with unlabeled peptide, and determining an amount of wdfi7
present on the cells, wherein the difference between the amount of *487 present on the cclls
and the amount bound by thelabeled peptide represents receptor occupancy by the unlabeled

peptide.
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{(0495] In certain embodiments, the present invention includes a labeled (eg.,
detectably-labeled) compound or peptide described here, including but pot limited to any of
the peptide dimer compounds described herein e.¢., peptide dimer compounds according to
Formula (1} (including any of I-A, I-B, I-C, {-D, I-E, I-F, I-G, I-H, I, and }-]), Formula (1),
Formula (), Formula (A}, Formula (B), Forroula (C), Formula (D), Formula (S), Formula
{X}, or Formula (H)}, or any of the peptide monomer compounds described herein, e.g.,
peptide monomer compounds according to Formula (1V) (including any of IV-A, IV-B, IV-C,
IV-D, IV-E, IV-F, IV-G, IV-H, IV-1 and IV-]}, Formula {V) (including V-A)}, Formula (VI),
Formula (A), Formula (B), Formula (O}, or Formula (B). In particular embodiments, the
peptide compound or peptide s fluorescently labeled.
{(03496] In certain embodiments, the present mvention includes a detectably labeled
peptide, peptide monomer compound or peptide dimer compound of the present invention,
comprising any of the amino acid sequences present in any of the peptides described herein.
in particular embodiments, the peptide compound or peptide is fluorescently labeled.
186497] In particular embodiments, the present invention includes a peptide,
peptide dimer compound, or peptide monomer compound comprising any of the following
amino acid sequences:
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlup-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH-(B-homoGlu)-(D-Lys);
Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-Lys});
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{ -horaoGluy-(D-Lys};
Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lysy;
Pen~(N-Me-Argi-Ser-Asp-Thr-Leu-Peo-2-Nal-Gla-(N-Me-Lys),
Pen~-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGhu)-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGlup-(N-Me-Lys);
Pon-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGlu)-(N-Me-Lys);
Pen~-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGlu)-(N-Me-Lys},
Pen~-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-I-Nal-{B-homoGlu}-(N-Me-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu}-(I-Lys); or
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{IN-Me-D-Lys},
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wherein there is optionally a disulfide bond between the two Pen reisdues.
100498} In particular erabodiments, the peptide dimer compound coraprises one of
the following sequences or structures:

[ Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGluj-{D-Lys)|-DIG;
FAc-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-{4-COOH)-(B-homoGlu)-{(D-Lys)|-DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-Lys) ,-DIG;

[ Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-bomoGlu)-(B-Lys) |- DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal«{p-homoGlu)-(D-Lys) |,-DIG;

[ Ac-Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys) L-DIG;

[ Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGlu)-{ D-Lys i h-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-( B-homoGluy-(N-Me-Lys) ],-DIG;
[ Ac-Pen~-{N-Me-~Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGlu)-{(N-Me-Lys} -DIG;
FAC-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{(B-horooGlu}-{(N-Me-Lys) ,-DIG;
{Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGhu)-(D-Lys) |- DIG;
FAc-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(N-Me-Lys)y -DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Len-Pen-Trp-(B-horaoGlu-(D-Lys)]-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{N-Me-D-Lys)-BIG;
[Ac-Pen-{IN-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGlu }-{D-Lys)-NH, |,-DIG;
[Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH - B-homoGlui-(D-Lys)-NH: |-
DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glo-(N-Me-Lys }-NH; ,-DIG;
[Ac-Pen~-{N-Me-~Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-( B-homoGlui-(D-Lys -NH, |- DG,
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-( B-homoGlu)-(D-Lys -NH, |L-DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys}-NH, ,-DIG;

[ Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-Phe{4-tBu)-{B-homoGhu}-(D-Lys)-NH, [-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu-{B-horaoGlu}-(N-Me-Lys)-NH |-
DG
[ Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu-(N-Me-Lys)}-NH, h-DIG;
[Ac-Pen-{N-Me-Arg)-Scr-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(N-Me-Lys}-NH, 1,-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Len-Pen-1-Nal-(B-homoGlu)-{D-Lys)-NH; 1-DIG;
[Ac-Pen-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGluj-(N-Me-Lys)}-NH, ,-PIG;
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[Ac-Pen-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu)-(D-Lys)}-NH, |-DIG;
[Ac-Pen~{(N-Mec-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-D-Lys -NH |-DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Len-Pen-Trp-(B-hornoGlu-{D-Lys}-OH,-DIG;

[ Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH M B-homoGlui-(D-Lys)}-OH -
DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Len-Pen-Trp-Glu-(N-Me-Lys }-OHL-BIG;

[ Ac-Pen~-{N-Me-~Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{ B-homoGlu-(DB-Lys }-OH - DG
[Ac-Pen-(N-Mc-Argi-Scr-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys }-OH-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-{N-Me-Lys - OH L-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-The-Len-Pen-Phe(4-tBu-(B-homoGhup~-(D-Lys)-OH-DIG,
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(f-homoGhu-(N-Me-Lys)-OH J;-
DG
FAc-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGluj-(N-Me-Lys}-OH,-DIG;
[Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu}-(N-Me-Lys}-OH, 1,-BIG;
[Ac-Pen-(N-Me-Argi-Ser-Asp-Thr~-Leu~-Pen- 1-Nal-(B-horooGluj-(D-Lys-OHL-DIG;
[Ac-Pen-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen- I-Nal-(B-homoGhu}-(N-Me-Lys)-OHL,-DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{ B-homoGluy-(B-Lys }-OH - DIG; or
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(IN-Me-D-Lys)-OH,-DIG,
wherein in certain embodiments, there is a disulfide bond between the two Pen residues.
100499] In particular erabodiments, the peptide monomer corapound coraprises one

of the following sequences or structures:
Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-bomoGlu)-(B-Lys);
Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH)-(B-boraoGlul-(D-Lys);
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-Lys);
Ac-Pen~-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGlu)}-{ B-Lys};
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal+(B-homoGlu)-(D-Lys);
Ac-Pen-{(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys});
Ac-Peu-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-iBo)-{B-homoGhu-(D-Lys);
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-1Buj-(B-homoGlu)-(N-Mc-Lys);
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp~{B-homoGlup-(N-Me-Lys);
Ac-Pen-{N-Me-Arg)y-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-horaoGlu}-(N-Me-Lys);
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Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys);
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(N-Me-Lys);
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{p-homoGlu)-(D-Lys);
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu(N-Me-D-Lys);
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-borooGluj-(D-Lys)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH)-(B-homoGlu}-(D-Lys-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-Lys)}-(3H;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(D-Lys)-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGhu)-(D-Lys)-OH;
Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys)-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-tBui-(B-homoGlu)-(D-Lys)}-OH;
Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-Phe{4-tBu)-(B-homoGhu}-(N-Me-Lys)}-OH,
Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu)-(N-Me-Lys)-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGhu -(N-Me-Lys)-OH;
Ac-Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-~1-Nal-(B-homoGlu~(D-Lys)-OH;
Ac-Pen-(N-Me-Arg)-Scr-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(N-Me-Lys)-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{ B-homoGhu-(D-Lys)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-D-Lys)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp~(B-homoGlu)-{D-Lys}-NH;;
Ac-Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-{Phe-(4-COOH -(B-homoGhu-{D-Lys)-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-Lys)-WNHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(B-Lys}-NH;;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Peo- 1-Nal-{(B-horoGlu)-(DB-Lys)}-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys)-INHo;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-{B-homoGlu)-(D-Lys-NH,;
Ac-Pen~-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu-(B-homoGlua}-(N-Me-Lys -NHa;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGlu}-{(N-Me-Lys}-NHz;
Ac-Peu-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B~-boroGlu)-(N-Me-~Lys )-NHa;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGla}-(D-Lys)}-NH;
Ac-Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGhij-(N-Me-Lys)-NHz:
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-{D-Lys }-NH;; or
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Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{(N-Me-D-Lys -NH,,
wherein in certain embodiments, there 18 a disulfide bond between the two Pen residues.

{[G0366] In particular cmbodiments, the peptide, peptide monomer compound, or
peptide dimer compound, is labeled, for example, detectably labeled, e.g., fluorescently
labeled with a fluorophore or radiolabeled with a radioisotope. A variety of detectable
molecules may be wused, such as a radioisotopes, fluorochromes, dyes, enzymes,
nanoparticles, chemiluminescent markers, biotin, or other monomer known in the art that can
be detected directly {e.g., by light ermssion) or indirectly {¢.g., by binding of a fluorcscently-
labeled antibody).

{30561} The use of detectable labels is well known in the art. Detectable labels
may be used according to the invention. Methods for conjugating polypeptides and detectable
iabels are well known in the art, as are methods for imaging using detectable labels. Chimeric
polypeptide sensors tagged with g detectable label may be cmployed m a wide variety of
assays, employing a wide variety of labels. In some embodiments of the present invention,
detection of a species of ubiguitin protein or ubiquitin fike protein can facthitated by attaching
a detectable label to the chimeric polypeptide sensor. In some eraobodiraents, detection of a
species of ubiquitin protein or species of ubiguitin like protein can be facilitated by attaching
a detectable label to a competitor ubiquitin protein or a competitor ubiquitin-like protein.
[0G302] Examples of detectable labels imclude but are not limited to
radionucieotides, enzymes, coenzymes, fluorescers, chemiluminescers, chromogens, enzyme
substrates or co-factors, cnzyme inhibitors, prosthetic group complexes, free radicals,
particles, dyves, and the like. Several radicisotopes can be used as detectable molecules for
labeling peptides meluding, for exarple, 32P, 33P, 358, 3H, and 1251, Examples of suitable
enzymes include horseradish peroxidase, alkaline phosphatase, @-galactosidase, or
acetylcholinesterase, cxamples of suitable prosthetic  group complexes include
streptavidin/biotin and avidin/bioting exaraples of suitable fluorcscent materials include
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine
fluorescein, dansyl chloride or phycoervihrin, coumarin, AlexadRR, Oregon green 488,
rhodamine green, Alexa 332, Cy3, Bodipy 588/586, AlexaS86, TAMRA, Rox, Alexa 594,
Texas red, Bodipy 630/650, CyS, Alexa647, IR Dye 680, IR Dye 680, IR Dye 700 DX,
Cy5.5, Alexa 750, IR Dye 800CW, IR Dye 800, Atto 532, Atto 465; an cxample of a
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fuminescent material is luminol; examples of biolhuminescent materials include luciferase,
luciferin, and acquorin; and oxamples of suitable radicactive waterial include 125 L 131 1, .

35 S, or 3 H. In some erabodiments, the detectable labels include fluorescent proteins.

ange. In some crabodiments of the present mvention, detectable labels also include

quenchers suitable for fluorescence resonance energy transfer (FRET) pairings. Examples of
saitable quenchers mclude Dabeyl, BHQI, BHQ2, BHQ3, CVSQ, CY7(, lowablack F(Q,
fowablack RG, IR Dye QC-1, QSY35, QSKY7, QXL570, QXL610, QXL680.

EXAMPLES
EXAMPLE 1
SYNTHESIS OF PeeTme MOLECULES
166503 The peptide roonomer compounds and peptide dimer corapounds of the
present invention may be synthesized by many techniques that are known to those skilled in
the art. MNovel peptide movoroer and peptide ditoer subunits were synthesized, purified, and

dimerized using the techniques provided herein.

Svnthesiz
166504] The peptides of the present imvention were synthesized using the

Merrifield solid phase synthesis techniques on Protein Technology’s Symphony multiple
channel synthesizer using standard Frooc cheroistryThe amino acids ased are Fmoc amino
acids with a standard side chain protecting group compatible with Frnoc chemistry. The

peptides were assembled using HBTU (O-Benzotriazole-N NN’ N -tetramethyl-uronium-
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was added, and the procedure was repeated. The crude peptide was dissolved in a solution of
acctontirilerwater (7:3 with 1% TFA) and filtered. The quality of Huear peptide was then
verified using clectrospray ionization mass spectrometry (ESI-MS) (Micrornass/Waters Z3)
before being purified.

Disultide Bond Formation via Oxidation

{G0508] 50mg of crude, cleaved peptide was dissolved in 20mi of
water:acetonitrile.  Saturated lodine in acetic acid was then added drop wise with stirring
until yellow color persisted. The solution was stirred for 15 minutes, and the reaction was
monitored with analytic HPLC and LCMS. When the reaction was completed, solid ascorbic
acid was added until the solution became clear. The solvent mxture was then purified by
first being diluted with water and then loaded onto a reverse phase HPLC machine (Luna C18
support, 10u, 100A, Mobile phase A: water containing 0.1% TFA, mobile phase B:
Acctonitrile (ACN} containing 0.1% TFA, gradicnt began with 5% B, and changed to 50% B
over 60 minutes at a flow rate of 15mi/min). Fractions containing pure product were then
freeze-~dried ou a lyophilyzer.

Lactam Bond Formation

{(0309] 100mg of crude, cleaved peptide (approx. 8.12mmeol) was dissoived in
100ml of anhydrous dichloromethane. HOBt {(1-Hydroxybenzotriazole hydrate) (0.24mmol,
2 cquivalentsy was added followed by DIEA (N N-Diisopropylethylamine} (1 2mmol,
18equivalenis) and TBTU {(O-(Benzotriazol-1-y[)-N NN N -tetramethy luroniura
tetrafluoroborate }0.24 mmol, 2 equivalents). The nuxture was stitred overnight and followed
the reaction by HPLC. When the reaction was completed, dichloromethane was evaporated
and difuted with water and Acetonitrile and then loaded onto a reverse phase HPLC machine
(Luna C1¥ support, 10n, 100A, Mobile phase A: water containing 0.1% TFA, mobile phase
B: Acetonitrile (ACN) countaining 0.1% TFA, gradient began with 5% B, and changed to 50%
B over 60 minutes at a flow rate of 15ml/min}. Fractions containing pure product were then

freeze~dried on a lyophilyzer.

Purification

[B0516] Amnalytical reverse-phase, high  performance hiquid chromatography
{(HPLC) was performed on a Gemini CI8 column (4.6 muim x 250 mm 3 (Phenomenex}. Semi-

Preparative reverse phase HPLC was performed on a Gemini 10 yum C18 coluran (22 i x
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250 mm) {Phenomenex) or Jupiter 10 wm, 300 A © Ci8 columm (21.2 mm x 250 mm)
{Phenomcuex). Separations were achieved using linear gradicuts of buffer B in A (Mobile
phasc A: water containing 0.15% TFA, mobile phase B: Acctonitrile (ACN) containing 0.1%
TEA), at a flow rate of 1 mL/min (analytical) and 15 mL/min (preparative). Separations were
achieved using hnear gradients of buffer B 1 A (Mobile phase A: waler containing 0.15%
TFA, mobile phase B: Acctonitrile {ACN) containing 0.1% TFA), at a flow rate of 1 mE/min
{analyticaly and 15mL/min (preparative).

Linker Activation and Dimerization

100511} Small Scale DIG Linker Activation Procedure: Sml of NMP was added to

a glass vial containing IDA diacid (304.2 wg, 1 mumol), N-hydroxysuaccintmide (NHS, 253.2
mg, 2.2 ¢q. 2.2mmol} and a stirring bar. The mixture was stirred at room temperature o
completely dissolve the solid starting materials. N, N'-Dieyclohexylcarbodiimide (BCC,
453.9mg, 2.2 eq., 2.2 munol) was then added to the mixture. Precipitation appeared within 10
min and the reaction mixture was further stirred at room temperature overnight. The reaction
roixtare was then filtered to reroove the precipuated dicyclobexylurea (DCU). The activated
linker was kept in a closed vial prior to use for dimerization. The nominal concentration of
the activated linker was approximately .20 M.

00512] For dimcrization using PEG lhnkers, there is no pre-activation step
involved. Commercially available pre-activated bi-functional PEG linkers were used.

106513] Dimenzation Procedure: Zml of anhydrous DMF was added to a vial

containing peptide roonomer (0.1 mmol). The pH of the peptide was the adjusted to §~9 with
DIEA. Activated linker (DIG, IDA or PEGH3, PEG 25) (0.48¢q relative to monomer, (.04%
mmol) was theo added to the wonomer solution.  The reaction muxture was stirred at room
temperature for one hour. Completion of the dimerization reaction was monttored using
analytical HPLC. The time for completion of dimerization reaction varied depending upon
the linker.  After completion of reaction, the peptide was precipitated in cold cther and
centrifuged. The supernatant ether layer was discarded. The precipitation step was repeated
twice. The crude dimer was then purified using reverse phase HPLC (Luna CI18 support,
10u, 100A, Mobile phase A: water containing 0.1% TFA, mobilc phase B: Acctontirile
{ACN) containing 8.1% TFA, gradient of 15%B and changed to 45%8 over 60min, flow rate

ISmi/min). Fractions containing pure product were then frecze-dried on a lyophulyzer.
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EXAMPLE 2
CHARACTERIZATION OF PEPTIDE DIMER MIOLECULES
100514] The stability, potency, and selectivity of certain peptide monomer compounds
and peptide dimer compounds was determined using a variety of in vitro and in vivo assays.

qdB7-MAJCAM Competition ELISA

{B0515] A nickel coated plate (Pierce # 15442) was coated with rh integrin adfi7
(R&D Systerns #5397-A30) at 800ng/well and ncubated at room temperature with shaking
for 1hr. The solution was then removed by shaking and blocked with assay buffer (50mM
Tris-HCH pH7.6, 150mM NaCl, ImM MnCl or MgCl, 0.05% Tween-20 and 0.5% BSA) at
250ui/well. The plate was then incubated at room temperature for thr. Each well was
washed 3 times with wash buffer (50mM Tris-HCI pH7.6, 100mM NaCl, ImM MnClL or
MgClh, 0.05% Tween-20). To cach well was added 25ul of a serial dilution (3-fold dilutions
in assay buffer} of peptide starting at 20uM. 25 ul of recombinant human MAJCAM-1
{R&D Systerns #6056-MC) was then added to each well at a fixed concentration 200M. The
final starting peptide concentration was 10uM, and the final MAJCAM-1 concentration was
10nM.  The plates were then incubated at room temperature for lhr to reach binding
equilibrium. The wells were then washed three times with wash bufter. S0ul of mouse anti-
human IgG1-HRP (Invitrogen # A10648) diluted in 1:2000 in assay buffer was then added to
cach well. The wells were incubated at room temperature for 45 min with shaking. The
wells were then washed 3 times with wash bufter. 100ul of 3,3°,5,5 - Tetramethylbenzidine
{TMB} were then added to each well and closely observe during development time. The
reaction was stopped with 2N H;SO; and absorbance was read at 450nm.

{00516} TMB is a chromogenic substrate suitable for use in ELISA procedures,
which utilize horseradish peroxidase conjugates. This substrate produces a soluble end
product that 18 blue in color and can be read spectrophotomctrically at 370 or 655 nm. The
reaction maybe stopped with 2 M H2S04, resulting in a yelow solution that is read at 450
nm. Each tablet contamns 1 wg of TMB subsirate. To prepare TMEB Substrate Solution,
dissolve one 3,3°,5,5 —tetramethylbenzidine tablet in 1 mi of DMSO and add to 9 ml of .05
M Phosphate-Citrate Buffer, pH 5.0, Add 2 ul of fresh 30% hydrogen peroxide (Product No.

H 1009} per 10 mil of substrate butfer solution, immediately prior to use.
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o4 1-VCAM Competition E£184
[60517] A Nuone MaxiSorp plate was coated with rh VCAM-1/CD106 Fe chirocra

(R&D #862-V() at 400ng/well in 50ul per well in IXPBS and incubated overnight at 4° C.
The solution was removed by shaking and then blocked with 250ul of 1% BSA in 1XPBS per
well, The wells were then incubated at room teroperature for Thr with shaking. Each well
was then washed once with wash buffer (80mM Tris-HCE pH7.6, 100mM NaCL, ImM
MnCI2 or MgCl12, 0.63% Tween-20). 25ul of serial dilutions of peptides starting at 200uM
in assay buffer (Assay buffer: 50mM Tris-HCI pH7.6, 100mM NaCl, M MuC12 or MgCl2,
3.05% Tween-20) was added to cach well. Additionally, 25ul of 041 (R&D Systems #5668~
A4} was added to each well at a fixed conceutration of 1200M. The final peptide and a4l
concentrations were 100uM and 60nM, respectively. The plates were then incubated at 37°C
for 2hr. The solution was then removed by shaking, and each well was washed three times
with wash buffer. 50ul of 9F10 antibody at 4ug/ml (purified mouse anti-human CD49d, BD
Bioscience Cat#f 555502 was then added to cach well, and the plate was incubated at room
temperature for Thr with shaking. The solution was agaim removed by shaking, and cach well
was washed three times with wash butfer.  50ul of peroxidase-conjugated AffiniPure Goat
anti-mouse IgG (Jackson immmme research cat #115-035-003) diluted in 1:5000 in assay
buffer was added to cach well. The plate was incubated at room temperature for 30 min with
shaking. Fach well was then washed 3 times with wash buffer. 100ul of TMB was then
added to cach well and closely observe during developing time. The reaction was stepped
with 2N H;SO; and absorbance was read at 450nm.

048 7-MAJCAM Cell Adhesion Assay

[00518] RPMI 8866 human cells (Sigma #95041316) were cultured 1u RPMI 1640

HEPES medium {Invitrogen #22400-089) supplemented with 10% serum (Fetal Bovine
Serum, lavitrogen # 16140-071}, 1 oM sodium pyruvate (Invitrogen #11360-070), 2ZmM L-
glutamine (Tnvitrogen # 25030-081) and Penicillin-Streptomycin (Invitrogen # 15140-122) at
100 units of penicillin and 100 ug of streptomycin per ml. The cells were washed two times
in DMEM wediom (ATCC #30-2002) supplemented with 0.1% BSA, 10 oM HEPES pH 7
and 1T mM MnCl,. The cells were re-suspended o supplemented DMEM medinm st a

density of 4 X 10° cells/mi..
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{60519] A Nunc MaxiSorp plate was coated with th MAdCAM-1/ Fc Chimera
(R&D #6065-MC) at 200 ng per well in 50ul per well in 1XPBS and incubated at 4°C
overnight. The solution was then removed by shaking, blocked with 250ul per well PBS
containing 1% BSA, and incubated at 37°C for 1 hr. The solution was removed by shaking.
Peptides were diluted by senal dilution in a final voluroe of 50ul per well (2X concentration).
To each well, 50ul of cells (200,000 cells) were added and the plate was incubated at 37°C,
5% CO; for 30-45 min to allow cell adhesion. The wells were washed manually three times
(100ul per wash) with supplemented DMEM. After the final wash, 100ul/well of
supplemented DMEM and 10ul/well of MTT reagent {ATTC cat# 30-1010K) were added.
The plate was incubated at 37°C, 5% CO, for 2-3hrs until a purple precipitate was visible.
100ul of Detergent Reagent (ATTC cat# 30-1010K) was added to cach well. The plate was
covered from the light, wrapped in Parafilm to prevent evaporation, and left overnight at
roorm teraperature in the dark. The plate was shaken for S min and the gbsorbance at 570 nm
was measured. To calculate the dose response, the absorbance value of control wells not
containing cells was subtracted from each test well.

o4 1-VCAM Cell Adhesion 4ssay

LGERPA Jurkat £6.1 homan cells (Sigma #88042803) were cultured in RPMI 1640

HEPES medium (Invitrogen #22400-089) supplemented with 10% scrum (Fetal Bovine
Serum, Invitrogen # 16140-071), 1 mM sodium pyravate {Invitrogen #11360-070), 2ZmM L-
glutamine {Invitrogen # 25030-081) and Penicillin-Streptomycin (Invitrogen # 15140-122) at
100 units of penicillin and 100 pg of streptormycin per ml. The cells were washed two tirocs
in PMEM medium (ATCC #30-2002} supplemented with 8.1% BSA, 10 mM HEPES pH 7
and 1T mM MnCl. The cells were re-suspended 1o supplemented DMEM mediom at a
density of 4 X 10° cells/ml.

{86521 A Nunc MaxiSorp plate was coated with th VCAM-1/CD106 Fe chimera
(R&D #862-VC) at 400 ng per well in 50 ul per well in IXPBS and incubated at 4°C
overnight. The solution was then removed by shaking, blocked with 250 ul per well PBS
containing 1% BSA, and incubated at 37°C for 1 hr. The solution was removed by shaking.
Peptides were diluted by serial dilution in a final volume of 50 ul per well (ZX
concentration). To each well, SO ul of cells (200,000 cells) were added and the plate was

incubated at 37°C, 5% CQO, for 30-45 min to allow cell adhesion. The wells were washed
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manually three times (100ul per wash) with supplemented DMEM. After the final wash,
100ul/well of suppleroented DMEM and 10ul/well of MTT reagent (ATTC cat# 30-1010K)
were added. The plate was incubated at 37°C, 5% CO, for 2-3hrs until a purple precipitate
was visible. 100ul of Detergent Reagent (ATTC cat# 30-1010K) was added to each well.
The plate was covered from the light, wrapped in Parafih to prevent evaporation, and left
overnight at room temperature in the dark. The plate was shaken for 5 min and the
absorbance at 570 nm was measured. To calculate the dose response, the absorbance value of
control wells not containing cells was subtracted from cach test well,

ad 37 Cell Adhesion Assay (Mouse)

1065822} T cells (ATCC # ATCC-CRL-2396) were cultured in in RPMI 1640

with 2mM L-glutamine adjusted to contain 1.5¢/L sodium bicarbonate, 4.5g/L glucose,
10mM HEPES, and 1.0mM sodium pyruvate (ATCCH# 30-2001) and supplemented with
0. 1mM non-cssential amino acids,(ATCC # 30-2116) 0.05raM 2-mercaptocthano! (Invitrogen
# 21985) and 10% serum (Fetal Bovine Serum, Invitrogen # 16140-071), and Penicillin-
Streptovayen (Invitrogen # 15140-122) at 100 units of penicillin and 100 ug of streptomycin
per mi. The cells were washed two times in DMEM medium (ATCC #30-2002)
supplemented with 0.1% BSA, 160 mM HEPES pH 7 and T mM MnCl,. The cells were re-
suspended in supplemented DMEM medium at a density of 4 X 10° cells/ml.

186523 A Nunc MaxiSorp plate was coated with Recombinant human MAJCAM-
I Fo Chimera (R&D #6065-MC) at 200 ng per well 1 100 pl per well in 1XPBS and
incubated at 4°C overnight. The solution was then removed by shaking, blocked with 250 ul
per well PBS containing 1% BSA, and incubated at 37°C for 1 hr. The solution was removed
by shaking. . DATK 32 (anti-roouse a4P7) and peptides were diluted by senal dilution i a
final volume of 50 ul per well (2X concentration}. To each well, 50 ul of cells (200,000
cells) are added and the plate is incubated at 370(C, 5% COZ for 33-45 min to allow cell
adhesion. The plate was mamually washed three times with supplerented DMEM, 100 ul per
wash. After the final wash, 100ul/well of supplemented DMEM and 10ul/well of MTT
reagent {ATTC cat#f 30-1010K) was added to each well, Wells were inclubated at 37°C with
3% CO2 for 2-3hrs until purple precipitate was vistble. 100 pd of Detergent Reagent (ATTC
cat# 30-1010K) was added to cach well. The plate was then wrapped with Para film to

prevent evaporation, and left overmight at room ternperature in the dark. The plate was
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shaken for 5 min and the absorbance at 570 nm was measured. To calculate the dose
response, the absorbance value of control wells not containing cells was subtracted from cach
test well,

PEMC Memory T Cell Adhesion Assay

{88824 Fresh CDAH/CDASRO+ memory T cells were iselated from homan

peripheral blood mononuclear cell (PBMC) donors by Aragen Bioscience Inc. {Morgan Hill,
CA}).  The assay plate was prepared using IgG Fe capture antibody {donkey anti human)
immobilized at 500ng/well in 50mM sodium bicarbonate bufter, pH 9.5, ON, 4C onto 2
Greiner Fluotrac plate (100ul per well). The plate was rinsed two time with Blocking Buffer
{25mM Toas HCL, pH7.5, 150raM NaCl, 1.5% BSA, .(35% Tween), and blocked with Blocking
Buffer for 2 hours at 37C or 5 hours at RT using 200ul per well. The Blocking Buffer was
removed and either MAdCAM-1 or VCAM-1 at 400ng/well in Blocking Buffer was added
and the plate incubated overnight at 4C (100ul per well). The plate was washed two times
with Blocking Buffer, and rinsed once with 200ul Binding Media (BMEM phenol red free,
10mM HEPES, 1x Na pyruvate, 1x Glutamune, and supplemented with 1mM MnCI2 prior to
use). To prepare cells, approximately 25 million CD4+/CD45SRO+ memory T cells were
counted by trypan blue exclusion using a8 hacmocytometer to determine viabihity and cell
count. The cells were transterred to a 50 md conical tube, and centrifuged at 1200 rpm for 10
minute. The media was aspirated and the cell pellet resuspended in 15 ml Binding Media.
The cells were centrifuged again and resuspended in the appropriate amount of Binding
Media to be used for assays (50ul of cells per well at 2x the final density). To cach well, and
equal volume (50ul) of test compound was added and the plate was incubated for 1.5 hours at
37C, 5% CO2. Each well was rinsed 3x with 150ul per well of Binding Media. Cy(Quant NF
reagent was prepared as suggested by manufacturery, and 100ul of CyQuant NF reagent was

2t

added per well. The plate was incubated at 37C, 5% COZ, for 45 minutes. The plate was
protected from light by using black adhesive seals. Fluorescence intensity was measured
using a Molecular Devices Gemini EM Fluorescent Plate Reader (Ex 485/Em330, Bottom
Read, Reading Seunsitivity = 20). IC30 curves are geverated using Graph Pad Prismo and the
curves analyzed using analyzed using a non-lincar regression (four parameters) algorithio.
The log (concentration) versus RFU (Ex485/Em530) was plotted to determine 1058 values.

Simulated Intesting! Fluid (SIF) Stability Assav
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{G0R25] Studies were carried out in simulated intestinal fluid (SIF) to evaluate
intestinal stability of the peptide molecules of the instant invention. To prepare the SIF
reagent, blank FASSIF was prepared by dissolving 0.348g NaQH, 3.954¢ sodum phosphate
monobasic monohydrate and 6.186g NaCl in a final volume of 1 liter water (final pH=6.5).
To this solution, 24g porcine pancreatin (Sigma catalog P7545) was added and stiveed for 30
rminutes (final pancreatin concentration 18 2.4%). The solution was filtered through a cheese
cloth and a No. 1 Whatman filter, and 10ml aliquots were stored at -706C. To run the
reaction, a 10ml aliquot was thawed at 37°C, and 1254l aliquots were removed and mixed
with an equal volume of blank FASSIF. The peptide stock solution (10mM in 100% DMS()
was diluted 75-fold 1o blank FASSIF. A S50ul aliguot of the diluted peptide was combined
with 125l pancreatin (2.4%) and 125pul blank FASSIF to yicld final concentrations of 1%
pancreatin and 22uM peptide. The reactions were incubated at 37°C, and at various time
points 50ul aliquots were removed and added to 200ud of quench solution containing 50%
acctonitrile, 50% methanol, 5% formic acid, and lpg/ml internal standard. The quenched
samples were ceotrifuged at 10,000 rpm for 10 minutes, and the supernatants were analyzed
by LCMS/MS. The percent remaining at cach time point was calculated based on the peak
arca response ratio of test to compound to internal standard.  Half-lives were calculated by
fitting to a first-order exponential decay equation using GraphPad.

Intestinal Wash Assav

{30526} lntestinal wash assay solution was prepared from rats fasted for at least 6
hours prior. The animals were cuthanized and a midhne incision was roade from the point of
the jaw to the pubis. The abdomen and chest were opened by making 2 incisions through the
anterior chest wall on either side. Hemostats were used to clarap oft both euds of the animal’s
stomach—where the csophagus meets the stomach and where the stomach meets the
duodenum. A hemostat was also used to clamp 2-3cm down the intestine from where the
stomach meets the duodenum.

{G0527] Intestinal wash assay sohution was prepared by separating 20cm of the
small 1otestine from the body. Once separated 20cro, the end was clamaped with a hemostat
and the section cut from the body, leaving the hemostats i place on the rernoved scection.
Iml of chilled saline was drawn up with a Imb syringe. One end of the intestine was held

up and the clamp removed. Approximately 2-2.5¢m of the gavage needle was inserted into
] ¥ gavag
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the intestine, and the saline was slowly injected. The fluid was massaged down the length of
the wntestine using gloved fingers.  The gavage needle was removed and the clamp was
replaced on the end of the ntestine. The intestine was sat straight and a g-tip was run firraly
up and down the length of the outside of the intestine approximately 3-6 times to mix the
cozymes with the saline. Ouwe end of the intestine was held up and some of the fluid was
carefully moved at the top down. The clamp was removed and that end of the intestine was
set into a small weigh boat on ice. The other end of the intestine was carefully picked up and
held vertically.  Gloved fingers were gently run down it to squeeze the fluid into the
container. The previous steps saline injection and fluid procurement steps were repeated
twice using only 8.5ml of chilled sahine. The sample was pipetted from the weigh boat into a
centrifuge tube and placed on ice. AH intestinal wash samples were spun down in a cold
centrifuge at 12,000xg for 10 minutes. The supernatant from the top of cach centrifuged
sample was pipetted into cryotubes, and kept on ice until use.

{B0528] Intestinal wash assays were performed using intestinal wash assay solution
preparved as described above. A sufficient amount of rat intestinal wash was thawed. For
cach sample, 200ull of rat intestinal wash fluid was pipetted o 1.5mL Eppendorf tubes
{mumber of tubes for experiment=number of test peptides x N},  The tubes were pre-

incubated for about 10 minutes in a water bath at 37°C.

160529] Peptide working solutions (2 mM) were prepared by combining 2ul of 10
oM BMSO stock with 128 pl 100 soM Tris pH 7.5.
[3053¢] Peptide quench solvent (50% ACN-50% MeOH-3% Formic Acid)y+iS

{Sug/mi; 1ul of 10mg/mi IS per 2 mb quench solvent) was prepare and a quench plate
prepared and placed on ice. 200ul of quench solution was added to each well of the quench
plate for T=0, 10, 20, 30, 60 and 180min collection.

180531} For cach test sample and a positive control, 30ul of peptide working
solution was added to a tube of intestinal wash fluid. The tube was gently vortexed and 30ul
was immediately removed and quenched in T=0 well of quench plate {pipetted directly into
the quench solution). This well was covered tightly to prevent evaporation. 30ul aliquots
were rernoved at T=10min, T=20min, T=30min, T=60nun, and T=180min, and quenched.
When all time points were collected, the quench plate was centrifuged at 10,000 rpm for 10

roinutes, 1S0ull of cach supernatant was transferred to a polypropylene 96-well coliection
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plate. 300ul Mobile Phase A was added to cach coliection, and LC/MS/MS analysis was
performed to determine the amount or concentration of peptide remaining wn each test sample
and positive control.

Simudated Gastric Fluid (SGF} Axsay

130532] SGF was prepared by adding 20 mg Nall, 32 mg porcine pepsin (MP
Biochemicals, catalog 02102599}, and 70ul HCL to 10ml water (final pH=2). Aliquots of
SGF (0.5m! cach) were pre-warmed at 37°C. For cach peptide tested, to start the reaction,
ful of peptide stock solution {(10mM i DMSO) was added to 0.5ml SGF and thoroughly
mixed such that the final peptide concentration was 20uM. The reactions were incubated at
37°C with gentie shaking. At ecach time point {0, 15, 30, 60 min), 50ul aliquots were
removed and added to 200 ul acetonitriie containing 0.1% formic acid to quench the reaction.
Samples were stored at 4°C until the end of the expertment and centrifuged at 10,000 rpm for
5 minutes.  Aliquots of the supernatant were removed, diluted 111 into distilied water
containing internal standard, and analyzed by LOMS/MS.  Percent remaining at cach
timepoint was calculated based on the peak area response ratio of test compound to internal
standard. Time 0 was sct to 100%, and all later timepoints were calculated relative to tirae 0.
Half-lives were calculated by fitting to a first-order exponential decay equation using
GraphPad.

Plasma Stability Assay

165833 0.5 mL of rat plasrua (one tube per peptide, volume depends on how many
time points are to be collected, SO uL per time point} was added to cach well of a 96-well

polypropylene plate, and the tubes were incubated in a heated water bath, preset to 37°C with
gentle shaking., 1 al. of 10mM peptide stock solution was added to cach tub, and then 200
ul. of Acctonitrile w/ 0.1% Formic Acid was added to cach tube (1:4). Samples were
collected at the following time points: 0, 18, 30, 45, 60, 120, 180 mins. When all time points
were collected, the plate was ceotrifuged at 5000 rpm for 5 nmuns.  LCM analysis was
performed by pipetting 100 gl of cach sample to appropriate well of a 96-well deep plate.
100 ¢L of an internal standard peptide (1 ug/ml) was added 1 Mobile Phase A to cach well.
The plate was vortexed and injected

Dithioihreito! (DTT) Redox Stability Assay
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i

(#0534 For cach peptide tested, the DTT stability assay was conducted by adding
Sul of a 10mM peptide stock solution i DMSO to Tmd of 100mM Tris-Cl, pH 7.5 (final
peptide concentration s SOuM). At time 0 min, 5ul of a freshly thawed [100mM DTT
solution was added to the incubation tube containing the peptide, such that the final DTT
concentration was 0.5mM. The reactions were 1ocubated at roow temperature. At different
time points up to 120 mimates (20 min, 40 min, 80 min, 120 mn), 50yl aliguots were
removed, and the reaction was quenched by adding 10ul of 5M acetic acid. To measure
disappearance of the parent peptide, the quenched samples (30ud) were analyzed by reverse
phase HPLC and UV absorbance at 220nm. The fraction oxidized remaining was graphed
versus time, and half-lives were calculated by fitting to a furst-order exponential decay
cquation using Execel

Cysteine/Cystine Redox Stabilitv Assay

100535] Peptides were diluted to 90uM by adding 4.545ul of a 10mM peptide
DMSO stock to 495.45ud of 100mM Trs-ClL pH 7.5, Aliquots of 75ul were transferred to 8
wells down a colamn of a 96 well plate. 20ul of 2.5mM Cystine m 100mM Tos-Cl, pH 7.5
was added to cach well. Cysteine stock solutions in 100mM Tris-Cl, pH 7.5 were prepared
fresh at the following concentrations: 400mM, 200mM, B0mM, 44mM, 22mM, 11mM,
5.5mM and blank. At tirne 0, 25l of cach cysteine stock solution was added to the 554 of
cystine/peptide solution, and the mixture was incubated at room temperature for 40min. The
samples were quenched by adding 20ud of 5M acetic acid and analyzed by reverse phase
HPLC. The fraction of oxidized peptide was calculated and plotted against the calculated
oxtdation reduction potential (ORP} as defined by the Nernst equation. The ORP where half

of the oxidized peptide remains s shown below.

[Cysteine], mM {Cystine], mb ORP, mv
1.375 0.5 -176
2.375 0.5 144
5.5 0.5 -213
11 0.5 -231
20 0.5 -247
50 0.5 271
100 0.5 -280
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[30536] Table 3 provides data demonstrating the potency, selectivity and stability
of various peptide monormers and dimers of the present invention. The amino acid sequences
of peptide monomers or peptide dimer subunits are provided in Table 34, shown from N-
terminus to C-terminas from left to right, and wdentified by a sequence wdentifier number.
The accompanying data for each peptide is shown in Tables 3B and 3C. Dimers are indicated
by parentheses followed by a subseripted 2. N-terminal and C-terminal groups are indicated,
e.g., Ac and NH,, respectively. Dimers are linked at the C-termint of their monomer
subunits, and the linker is indicated to the right of the peptide sequence. Each of the peptide
sequences shown ioclades a disulfide linkage between the amino acid residues located at
position 4 and position 10, c.g., Pen and Pen.  Table 4 provides comparative data
demonstrating the greater potency, selectivity and stability of peptide monomer compounds
and peptide dimer compounds of the present invention. The amino acid sequences of peptide
monomers or peptide dimer subunits are provided in Table 4A, shown from N-terminus to C-
terminus from left to right, and identified by a sequence wdentifier number.  The
accompanying data for cach peptide is shown in Tables 4B and 4C. Dimers are indicated by
parentheses followed by a subscripted 2. N-terminal and C-terminal groups are indicated,
e.g., Ac and NH,, respectively. Each of the peptide sequences shown includes a disulfide
linkage between the amino acid residucs located at position 4 and position 10, e.g., Pen and
Pen. For the stability assay data, assays were conducted for varying durations of time, so an
indication that t;, was greater than a certain value rocans that the assay was stopped at that
time, before half life could be determuned. For DTT assays, where data is not shown for
peptides comprising two Pen residues, the predicted DTT assay stability s greater than two

hours.
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Table 3-B. Potency, Selectivity, and Stability of Ulustrative Peptide Monomers and Dimers

>50 »>180
Z
>100 >180
3
>25 »>180
4
>10 <20
[
2 >50 &
6 »50
7
>1,000
8 .
>25
g
>10 >100
10
>10
11 3
»>25
12 -
>25
13
>10 >100
14 -
>25
15
<10
16
>10
17 ]
>10
18
>10 >500
19
>10
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>50
21
>50
22 . )
<10 <10 >100 <20
23 <10 >100 <20
24
<10 <10 >100 56
25 >10
26
»100
27
>25 >180
28
>80
29
<10 >10 >180
30 ,
»100
31
=50
32
- <10 >10 >100 >180
33 ) _
<10 >10 >100 »>100,000 >180
o
34 >75
35
>100
36
>80
37
>100
328 ) )
<10 <10 »100 »130
38
>10 >180
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<10 >100
41 _
<310 <10 >100 >180
42 _
<10 <310 >100 51, 48
43
<310 >10 >100 21
44
<10 <310 <1 >100 >180
45
>25 37
46 . .
»1,000 >180
47
>1,000 >180
48 . .
»1,000 >180
49
>10 >180
50
>3 104
5
1 >25 180
52
>3 >100 117
53
>10 >180
>4 >25 >100 32
55
>100 >3180
56
>500 »>180
57
58
59
>10,000
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>1,000
61
>1,000
62
>1,000
63
»1,000
64
>3,000
65 >10,000
66
>10,000
&7 _ .
<10 <i0 <10 >3100 >100,000 121
68
<i0 >25 <10 >500 >100,000 >100 »300
&9
>10 >100
70 e
AL
71
>25
72 »25
73
<10 <i0
74
75
=50
76 ,
>10
77
>100 >3180
78 ) )
<10 <10 <10 »>100 >100,000
79
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80 >50 >180
81
82 50
83 >80
g4 >10 <20
8 <10
86 <10 <ig
87 >25
83
>10
»25

50
91 >100
92 >80
93 >500
o4 >100
g

E >100
o6 >80
97 <10
28 >80
a9

>100 >180
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101

>50
102

>100
103 o

>25
104 >100 35
105 S50
106 _

<10
107

>25 >180
108 _

>10
109

>100
110 _

>10
111 >100
112 250
113 >500
114 >100
115

>100
116

>80
117

>100
118

>25
119

>500
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120 »>1,000

11 >100

122 >50

123 S50

124 >108

125 >100

126 >1.000

127 100 35hr
128 550 180
129 <10 <10 »100 <16 >360{13hr}
130 <10 <10 >100 <10 | »360{16hr)
131 <10 <10 >100 >360{Shr}
132 <10 <10 <10 >100 | >100,000 | <10 | >360(10.7h)
i32 <10 <10 <10 =500 <10 tihr
133 <10 <10 >100 <10 | »360{11hr)
134 <10 <10 >100

135 <10

136 <10

137 <10 <10 >1,000

138 >10 >10

139 <10
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141 <10 <10 >5030

142 <10 <10 >500 50

143 250 >10,000

144 364 10,000

15 504 >10,000

146 T =50 >1,000

147 <10 <10 <10 >100 <10 »300
148 <10 <10 <10 >100 »300
149 <10 <10 <10 >500 <10 >300
150 <10 <10 <10 >1,000 >300
151 10 250 187
152 <10 <10 $10 >100 >25 47
153 210 10 10 >1,000 13.6hr
154 100 >1,000 >1,000

155 ~35 535 »1,000

156 >100

157 1,000

158 51,000

153 >1,000

160 1,000

161 1,000
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163 >1,000

164 >1,000

165 >10 >100 >180
166 <10 <10

167 <10 <10

168 <10 <10

165 10

i70 10

i71 10

172 965

73 >100

174 >1,000

s >500

176 SED

177 50

78 >1,000

173 >100

180 »1,000

181 >1,000

182 <10 »>180

171



WO 2016/054411 PCT/US2015/053558

183 £10 0 >180 (466)
184

185

186 »100
187 >100
188 <10
184 >10,000
190 »100,000
191 >10,000
192 >10,000
193 >100,000

For IC30 data: <10 15 less than or equal to 10 nM; >10 s greater thav 10 nM and less than or
cqual to 25 nM; >25 is greater then 25 nM and less than or equal to 50 nM; >30 13 greater
than 50 nM and less than or equal to 100 oM; >100 is greater than 100 nM and less than or
equal to SO0 nM; >500 1s greater than 500 nM and less than or equal to 1,000 nM; >1,000 15
greater than 1,000 nM and less than or equal to 10,000 nM; > 10,000 is greater than >10,000
nM but less than or equal to >100,000 nM; and >100,000 is greater than 100,000 nM. For
stability data: > 180 means experiracnt was stopped after 180 min and half life was not
reached; >360 means experiment was stopped after 360 min and half life was not reached.

Table 4-A C

Ac C R SEDET L C G E NH2
195
Ac C R SIDIT L C NH2
196
Ac C R SEDET L C G E K NH2
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187 . . . . -

{Ac C R S T C G £ K NH2)2 | PEG2S
188 . )

Ac C MN-Me-R | 5 TiL C G £ NH2

Ac C N-Me-R | S T ¢ G £ K OH
200

{Ac C M-Me-R | & T L C K OH}2 | PEG25
201 .

{Ac C N-Me-R | S T ¢ G E K OHj2 G
202 .

Ac C N-Me-R | & T4 L Pen K N2
203 . .

{Ac C N-Me-R | S T4 L} Pen k NH2)2 DA
204

{Ac | NMeR |5 Ti L | Pen W K NH2)Z | DG
205 .

{Ac C N-Me-R | S T4 L} Pen E k NH2)2 DIG
206

Ag Pen R S TiL C K NH2
207

{Ac Pen R S TiL C K NH2)2 Dz
208

Ac Pen | N-Me-R | S Ti L | Pen W k NH2
208

{Ac Pen | N-Me-R | S T4 L} Pen W k NH2)2 DIG
216

Ac Pen | N-Me-R | S T L} Peni 2-Nal E k NH2
211 ) :

{Ac Pen | N-Me-R | S T4 L} Pen W e k NH2)2 DG
212 ) .

{Ac Pen | N-Me-R | & T i L Peni 2-Nal E k NH2)2 DIG
213 ) . ;

{Ac Pen | N-Me-R | S T 1 L | Pen W B-h-E k NH2)2 DIG
234 , N-Me-

{Ac | Pen | N-Me-R | S TiL | Pen! W E kg NH2)2 | DIG
215 N-Me-

{Ac | Pen | NMeR | 5 TiL | Pen W £ ;“ NH2)2 | DIG
216 , ) .

{Ac Pen | N-Me-R | S T4 L Pen W 2 k OHj2 DIG
217 )

{Ac Pen | N-Me-R | 5 Ti1 L | Pen W E k NH2)2 DIG
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{Ac

Pen N-Me-R

L | Pen

o-H-E

k| NHZR2

DG

Table 4-B Comparison of Peptide Monomers and Dimers — Potency and Selectivity

194 97 2020 590
185 . , o
g7 2880 1221
186 . . .
87 4810 6660 >100,000
187 ‘ ‘
36 964 301 >100,000
188 e
20 1287 1120 >100,000
189 . .
58 >100,000 4691
200 3 16667 96 >100,000
201 1 1244 28
202
87 1619 11049 >100,000
203
7.5 700 200 >100,000 633
204 ) . -
2 463 22 >100,000 1277
205 . e
2.4 444 26
206
97
207 ,
26 49
208
30.5 412
2098 o o ) ,
2.3 368 24 >100,000 51 260
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210 _ .
11 200 40 >100,000 &0 517
211 ) e . :
3 302 22 >100,000 7.3
212 ‘ ] .
2 70 5 >100,000 2.5
213 ‘ ‘
4.7 539 12 >100,000 4.2
214 g .
4.1 436 5 11 245
215 2.2 270 3 0.9 16.5
216
2.8 247 4.2 >100,000 i 145
217
2.3 315 3.2 >100,000 1.2
218
2.8 490 3.78 >100,000 0.5 2

Table 4-C Comparison of Peptide Monomers and Peptide Dimers - Stability

185

<1 4.7
156

<4
187
158 .

30 4.5

189 . ,

27 81 >360
200

8 83 >360
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176

201
18 121 >360
=
202 >360 >360 42
203 ‘ ,
»793 >360 >360 21
204 , . ,
>360 >360 >360 >180 27 204
205 L ,
>360 >360 42
206
’ 6 53
207 <20 »60 <10 35 173
208 >360 >360 >120 <300
203 >180 >180 >180 >180 >120 <300
210 >300 >120 <300
211 ) ]
>300 >60 179 »120
212 )
80 39 as >120
213 .
>180 >180
214 X e e e .
>810 >360 >360 >360 »120
215 , a o )
>360 >360 >360 >360 »120
216 >180 >180 »360 »360
217
121 »120 >360 >180 »120 <300
218
11hr >360 »360 »360 >120 <300
EXAMPLE 3
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CHARACTERIZATION OF AN [LLUSTRATIVE PEPTIDE DIMER MOLECULE IN BIOCHEMICAL AND
CELL BINDING ASSAYS
{00538] Certain crmabodiments of the invention relate to an 47 integrin antagonist
peptide dimer of two peptide monomer subunits cach having the amino acid sequence shown
below:
Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-{Phe{d-1Bu)-(B-homoGlu)-{(D-Lys).
{33539 The two peptide monomer subunits each contain an intramolecular
disulfide bond between the two Pen residues present in cach peptide monomer subunits.
Each of the two peptide monomer subumnits contains an N-terminal acetyl group, and the two
peptide monomer subunits are dimerized at cach of their C-termini by the DIG linker to
produce the peptide dimer referred to herein as Peptide X, which is diagrammed below:
[ Ac-Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-(Phe(4-tBui-(B-bomoGluj-(D-Lys) ,-DIG.
[B0340] In vitro biochemical and cell binding assays were performed to further
characterize Peptide X.

Biochemical and Cell Binding Assavs

160541 Biochemical competition ELISA assays were performed for adf7 and
a4l integrins. The ELISA assay for 0487 is based on binding of MAJCAM-1 o
immmobilized w487, whereas the wdfl ELISA relics on binding of soluble o4Bl to
immobilized VCAM-1. These assays are described in Example 2. Under 1 mM Mg”" binding
conditions, the ICse for Peptide X was 3 oM and >10,000 oM for «dfi7 and o4dpl,
respectively.  In addition, the ICsy for Peptide X was > 100 uM for both cdpl and aLp2.
The IC58 of Peptide X for 0dB7 T cells was 1 nM.

{88542 Peptide X also blocked adhesion of MAJCAM-1 to transformed cell lines
expressing 0487 integrin. The Peptide X ICsy for blocking adhesion of the human B cell
Ivmiphoblastoid RPMIBRGS or mouse T cell TK cell lines to MAJCAM-1 was .72 oM and
0.50 nM, respectively.

{(3543] Peptide X was highly selective in the cell adhesion assays. The human
Jurkat cell line expresses both ¢df1 and L2 mtegrins for specitic adhesion to VCAM-1 or
ICAM-1, respectively. In the Jurkat/ VCAM-1 or Jurkat/TCAM-1 cell adhesion assay, Peptide

X was inactive at the maximum concentration tested (ICsp>100,000 nM}. Together, these
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results indicated that Peptide X was specific for 0487, and did not block the a4pl and alp2
integrins.

[86544] Peptide X also blocked adhesion of memory T cells solated from human
PBMC donors. Peptide X blocked adhesion of memory T cells to MAJCAM-1. The Peptide
X average Hsp was 1.3 nM using cells isolated from 4 different donors. In contrast, Peptide
X was inactive at the highest concentration tested in ceil adhesion assays specific for a4l
and al$2 (Table 5}

Table 5. Potency of Peptide X for memory T cells 1solated from human PBMC donors.

integrin a4f7 a4l alB2

Ligand MAdCAM-1 VCAM-1 ICAM-1

{050 (M} 1.3 »100,000 >100,000

{30545] Surface plasmon resonance {SPR) was used to further evaluate the binding

propertics of Peptide X. An analog of Peptide X (Peptide X-biotin), which contains a biotin
group attached to Peptide X via a PEG linker, was synthesized. Another peptide dimer
having the following structure, which is closcly related to Peptide X, was also synthesized

and biotin-labeled:

(Ac-Pen-(N-Me-Arg)-S-D-T-L-Pen-W-E-k-NH; »-DIG
{Peptide 2).
Vedolizurnab was also cheruically biotinylated. Peptide X-biotin, Peptide Z-biotin, or biotin-
iabeled vedolizumab antibody was immobilized to a streptavidin coated SPR chip, and the
binding of soluble adf7 ntegrin was measured. The sensor grams showed that the calculated
half-life for dissociation of Peptide X-biotin from g4f7 integrin was 667 min, or ~11 hours,
This half-life is quite long, and may be caused by a tight association between the peptide and
the bound Mn® metal fon on the integrin. These SPR studies also showed that the KD for
Peptide X-biotin was 15 oM, which was 3.8-fold lower than that for biotin-labeled
vedolizumab (59 nM; Table 6). In addition, the KID for Peptide X-biotin was substantially
iower than that for Peptide Z-biotin.  In conclusion, these dats show that the binding
constants for Pepiide X are superior to those for the antibody vedelizumab or a closely
refated peptide dimer. The K./Kgr of Peptide X-biotin was comparable or superior to that of

vedolizamab by SPR.
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Table 6. Summary of binding rate constants for Peptide X, Peptide 7 and vedolizumab.

Half-life for %
ka {M-isect} | kd {sect} dissociation oD
o {nd}
{min}
Peptide X-biotin 1120 0.0000173 668 15.4
Peptide Z-biotin 1048 0.0000546 211.54 52.10
Vedolizumab-biotin 4469 0.000266 43 595
Half-life of dissociation 1, {sec)=1n2/ky
{88346] Schild analysis was used to deternmne if Peptide X blocked MAJCAM

binding to 04f7 integrin by a simple competitive mechanism. Binding of soluble MAJCAM
to immobilized 047 integrin protein at different Peptide X concentrations was measured by
ELISA, and the results showed that antagonism was surmountable by incrcasing MAJCAM
concentration. This result indicated that binding of Peptide X to ¢df7 integrin was
reversible,  Based on the dose-response shifts, global-fit Schild analysis was used to
determine the Schild slope and equilibrium dissociation constant (KB). The slope was ~1,
which indicated the inhibition is orthosteric antagonism with respect to MAJCAM, and not
allosteric antagonism. This suggests that Peptide X and MAJCAM bind to the same site on
adB7 integrin. The estimated KB value was 1 nM, which was similar to other Peptide X
potency values in different assays.

In vitro FACS studies

{40547} To further evalnate the selectivity of Peptide X in human blood, the
fluorescent dye Alexa 647 was conjugated to Peptide X at the same position used for
attaching biotin. The Peptide X Alexa 647 conjugate (Peptide X-Alexa647) was active in an
RPMIRROS/MAJCAM cell adhesion assay (1Cs50=0.15 nM). Heparinized human whole blood
was supplemented with 1 mM MnCly,, and stained with the Peptide X-Alexa647 conjugate or
biotinylated vedolizumab for 1 hour at room temperature. The samples were fixed {red blood
cells tysedy and washed. The vedolizamab samples were stained separately with streptavidin
Alexa 647 for stain for 30 minutes at room temperature.  FACS analysis was used to assess
binding of the peptide or vedolizumab to a broad paunel of cell types including NK cells,
basophils, monocytes, cosinophils, neutrophils, CD4 naive T cells, CD4 memory T cells,

CDS naive T cells, CD¥ memory T cells, and B cells. Figure 10 shows the binding
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specificitics of Peptide X-Alexat47, or vedolizumab conjugated to Alexa Fluor 647,
incubated with human whole blood in the presence of 1 vaM MnCl,. Table 3 shows that the
binding specificitics of vedolizumab and Peptide X are nearly identical in whole blood. The
binding specificity for vedolizmab shown in Table 7 is also very similar to that reported in
the hiterature (Soler et al, JPET 330:864-875, 2009).

Table 7. Binding specificity of vedolizumab or Peptide X-Alexat47 {1 nM}) in whole blood.

Percent positive staining
Vedolizumab Peptide X-
Alexa 647

CD4 naive T cells 55 51
{D4 wmemory T cells 22 20
D8 naive T cells 53 52
CD8 memory T celis 36 36
CD19+ B cells 85 78
NK cells CD16+ 56+ 42 45
Basophils 86 87
Monocytes 7 7
Eosinophils 91 92
Neutrophils 0.45 0.35
{80548 Blood from cynomolgus monkeys was also analyzed by FACS. These

studics showed that cells expressing a4B7 can bind vedolizumab and Peptide X
stmultaneously. Therefore, Peptide X binds to a site on g4p7 that is distinct from the binding
stte for vedolizumab.

{(03349] Binding to aEf7 integrin in cyno blood was also tested. Cyno blood was
incubated with 1 nM Peptide X-Alexat47, and cells expressing 047 or aER7 were analyzed
by FACS. For CD4 memory T cells, Peptide X-Alexa647 bound to 04R7 , but not «EE7
cells. Binding to udp7 was specific, because it could be blocked in the presence of a large
excess {1 uM)y of unlabeled Peptide X, Theretore under these conditions, it was coucladed

that Peptide X binds 04p7, not aER7.
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EXAMPLE 4
INVIVO CHARACTERIZATION OF AN ILLUSTRATIVE PEPTIDE DIMER MOLECULE
00556 The in vivo pharmacokinetic and efficacy characteristics of Peptide X
were also determined in animal studies, wncluding pharroacokinetic studies in Cynomolgus
monkeys and cfficacy studies in a mouse model of DSS colitis

Pharmacokinetic Stidies in Cynomolous Monkey

{60351 To deterrmine tissuc exposure following oral administration of Peptide X,
Cynomolgus monkeys were dosed with Peptide X PO QD for 8 days at 12.5 mg/ke, 25 mg/kg
or 75 mg/kg. The vehicle was 50 mM phosphate buffer, pH 7. Oral bicavaiability in cyno
{%F) was about 0.3%. Samples were collected 4 hours after the last dose. Peptide X levels
were measured by mass spectrometry and are shown in Table 8 as nM, demonstrating that

Peptide X cxposure was much greater in intestinal tissucs compared to plasma.

Table 8. Peptide X exposure in cynomolgus monkey tissues

Mesenteric
Dose (mg/kg} Plasma Colon Small Intestine
Lymph Node
12.5 2 4157 661 1501
25 5 1549 293 138
75 21 154460 7842 1980
{80552] To further evaluate the in vivo properties of Peptide X in a higher specices,

cynormolgus monkeys were dosed with Peptide X for 7 days. Dosing was oral (vasogastric
mtubation} once datly. Whole blood {about 3.5 mL) was collected on Day 0 (prior to dosing)
and Day 6 (1 hour post the last dose) for PK and PD analysis. On Day 6, blood was also
collected from a von-dosed animal. For PD, FACS analysis was used to rocasure recepior
occupancy, down-regulation of g4f7 cxpression and circulating levels of T cells expressing
the integrin 437, Table 9 shows the organization of the test groups.

Table 9. Organization of test groups for the 7 day cynomolgus raonkey study

Group Testarticle { Dose Number of animals

Number {mg/kg/day) | Males Females
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1 Peptide X 12.5 Z 2
2 Peptide X 25 2 2
3 Pentide X 75 Z 2
{80553 For FACS analysis, heparinized whole blood from the cynos was stained

with cach of two panels of antibodics to evaluate (1) the extent of ad7 receptor occupancy in
Peptide X-treated samples and (2) the abundance of circulating odB7+, aBER7+, and
AP 7+aERT+ lyraphocyte subsets. Receptor occupancy and iontegrin expression were assessed
within memory CD4 T cells, naive CD4 T cells, and B cells.  To evaluate receptor
occupancy, whole blood samples were first treated with ImM MnCL to aliow Peptide X
binding, and then pre-incubated +/— TuM unlabeled Peptide X to fully occupy (i.¢., block) the
a4p7 receptor. Blocked and unblocked samples were stained with InM Alexa 647-labeled

Peptide X, followed by staining with antibodics agaiost o4pB7, CD4S, CD4, CD45RA, and

CD19. Samples were processed to lyse erythrocytes and fix leukocytes, tollowed by staining
with a second-step reagent (streptavidin-BV421) and wash steps.  To assess integrin

expression and cell subset abundance, whole blood samples were stained with antibodies
against a4, §7, and oF, in addition to antibodies against CD45, CD4, CD4SRA, and CB19.
Samiples were processed to lyse ervthrocytes and fix leukocytes, followed by staining with a
sccond-step reagent (streptavidin-BV421) and wash steps. AH stamned samaples were
analyzed by flow cytometry, collecting a constant sample volume to allow calculation of
absolute cell counts.

{B0554] Figure 14 shows that the percent receptor occupancy in blood increases
with oral dose, and that receptor occupancy exceeded 90% at the highest dose.

{B0555] Figure 15 shows the percent receptor occupancy versus Peptide X plasma
concentration for cach animal. By cxtrapolation, it was estimated that a Peptide X plasma
concentration of ~0.35 nM is sufficient to occupy 50% of the w47 receptors 1 the blood.
{30556] Figure 16 shows that g4B7 expression on CD4 memory T cells decreased
at all doses. This is consistent with binding of Peptide X inducing some internalization of
aAp7.

180357] Levels of circulating edf7+ memory T cells were also measured. Figure

17 shows that Peptide X dosing caused an increase in the percentage of o4B7+ memory T
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cells normalized to total CD4 cells. This s similar to the mouse studics. Blocking homing of
oAB7+ memory T cells to the gut resulted in thetr redistribution to the blood.

Effect of Peptide X on Trafficking of adf7 Memorv T cells in DSS mice

{80558 The effect of Peptide X on memory T cell wrafficking was shown in a
roouse DSS colitis model. This study showed that Peptide X affects T cell howing by
diverting o487 memory T cells from gut lymphoid tissues to the blood and spleen.

LGERR! Colitis was induced in CS7BL/6 male mice (10 animals per group) by
exposure to 3% DSS-treated drinking water from day 0 to day 5, when animals were shifted
to normal drinking water. OUnce daily, animal deaths were recorded, and surviving animals
were weighed and assessed visually for the presence of diarrhea and/or bloody stool.
{mmediately prior to sacrifice on day 9, colitis severity was assessed in all animals using
video endoscopy, and the resulting images were scored for colitis severity by an observer
blinded to group identity.

{80560] Starting on day 0, mice were given twice-daily oral doses of cither a
vehicle/sham control (Group 1) or Peptide X (Group 2: 10 wag/kg, PO, BID). Oun day 9, only
the AM treatmaent dose was administered.  Animals in Group 2 also were adminisiered
Peptide X in their drinking water at a concentration of (.2 mg/mL. The drinking water bottle
weights for Groups 1 and 2 were measured, and water consumption was used to estirnate the
peptide dose ingested via the drinking water. Based on daily water consumption, the average
daily Peptide X dose from the combination of oral gavage and drnking water was estimnated
to be 49 mg/kg.

{00561} Mice were sacrificed on day 9, approximately four hours after the final of
gavage dose adrmmstration. Spleen, Peyer’s patches (PP), mesenteric lymph nodes (MLN),
and blood were collected from each animal and processed for FACS analysis of o4 and 7
expression on Ty memory cells. Takedown and FACK analysis occurred on the same day.
166562] These studics showed that treatraent with Peptide X had no significant
effect on weight loss, fluid intake, colon weight or length, or presence of bloody stool and
diarrhea (data not shown) Treatmeunt with Pepiide X had a significant effect on the
endoscopy scores, reducing the scores by 32% from 2.60=1.6 (vehicle) to 1.78+1.5 (Peptide

X) {meantSD; Figure 8). Visual assessment of the endoscopy images indicated that Peptide
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X reduced colonic friability and improved mcosal healing compared to the vehicle control
{Figure 9).

{00563] Treatment with Peptide X had significant effects on the memory T cell
populations in the blood and spleen (Figure 18}, There was a 42% increase in total o4f7
memory cells per mL blood (18A), and a 73% increase in total 047 memory cells recovered
from the spleen {(10B). For both blood and spleen, there alse were significant increases in the
number of memory cells {as a percentage of Ty cells), and total memory cells. No significant
difference was seen i the total nuraber of cells in either the blood or spleen.

{80564 Treatment with Peptide X had significant effects on the 0457+ memory T
cell populations in the MLN and Peyer’s patches (Figure 11). Compared to the vehicle
control, there were 23% and 55% decreases in the percentage of 047+ memory celis relative
to total cells in the MLN (11A) and Peyer’s Patches (11B), respectively.

[68565] For PK measurements, colon sections from the proximal and distal colon
were collected at ~4 hours after the last AM dose and analyzed by mass spectrometry.
Exposure in the proximal colon was approximately 3-fold hugher than that in the distal colon
{(Figurc 12). The concentration of Peptide X in the blood was 84-fold and 31-fold lower
compared to that in the proximal and distal colon, respectively. Nonetheless at this time
point, the plasma concentration was ~80-fold greater than the Peptide 1Cs; value for blocking
a4f7 binding to MAJCAM.

[865686] Additional DSS colitis studies were performed, which showed that
treatrucnt with Peptide X reduced a4B7+ T cells in gut lymphoid tissucs and redirected them
to blood (Figure 13). In this 9 day DSS colitis study, C57BL/6 mice were treated with 3%
DISS frove Day 1 to Day 6, and switched to normal water uotid Day 10, Daily dosing was PO
BID plus drinking water for Peptide X, and 25 mg/kg 1P every 3 days for the anti-a4p7

-

antibody BATK32, PP and blood were collected and levels of gdfi7+ memory T cells
analyzed by FACS.

Eificacy of Peptide nhibitors in g Chronic DSS Colitis Mouse Maodel

[66567] To further evaluate the ctficacy of peptides of the present invention
treating colitis, a chronic DSS colitis mouse model was used to examine the effects of orally

administered Peptide X or another peptide, Peptide XX, as compared to vehicle control or the
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antibodies, MECA 367 and DATK32. Peptide XX is a dimer having the following structure,
where DIG hinks the two peptide movoroers by their C-termini:
[Ac-Pen-(N-Me-Arg)-S-D-T-L-Pen-W-(3-HomoGlu}-(D-Lys}-NH, |, — DIG.
100568} In this 15 day chronic DSS colitis study, BALB/c mice were treated
continuously with 2.5% DSS. Peptide X dosing was 55 wg/kg/day, 17 mg/hkg/day or 6
mg/kg/day in drinking water. Peptide XX dosing was 10 mg/kg PO BID plus 0.2 mg/m! in
drinking water. The anti-g4f}7 Ab DATK32 was dosed 25 mg/kg IP every 3 days, and the
anti-MAJCAM Ab MECA 367 was dosed 8 mg/kg 1P daily. After takedown, distal colon
sections were fixed for histopathology and processed for §7+ cell IH staining using the anti-
(7 antibody M293.
{(0569] Figure 18 shows that Peptide XX reduced colon macroscopic and
histopathology scores comparable to the antibodies in a murine 15 day chronic DSS model.
{66578 Figure 19 shows that Peptide XX reduced infiliration of B7+ cells into the
lamina propria of the distal colon.
100571} Figure 22 shows that all doses of Peptide X reduced mfiltration of B7+
cells into the larnina propria of the distal colon.
{G0572] Fluorescence imaging was performed after in oral administration of
vehicle or 10 mg/kg or 90 mg/kg of Peptide X conjuaged to Alexa 488 to normal CS7BLA
mice (n=2 mice per group). Mice were harvested 3 hours post-dose and the following tissues
were collected: 3.8 cm of proximal small intestine and 3.8 cm of distal colong. The samples
were fixed in PFA and frozen in OCT, formalin-fixed, and paraffin-cembedded. 5 mucron
shices were DAPD counter-stained to wvisualize nuclei and subjected to fluorescence
microscopy at 40X,
188573 /chicle-treated animals showed no fluorescence signal in small intestine
or colon. The 10 mg/kg PO treated animals showed signal in small intestine with aggregated
in crpts {glandular cells). The 90 mg/kg PO ireated animals showed weak signal in the
epithelial Hning, interstitial cells, and glandular cells, and stronger aggregates of signal in
crypts and glandular cells 1o mucosa of the srall intestine. A weak signal was present in the
eptthelial hining of the colon.
180574] Small intestine samples were alse examined by imrmunohistochemistry

using an anti-Alexa 488 antibody of PFA fixed tissue. As shown in Figure 21, Compound X
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staining was observed throughout the lamino propia and interstitial cells of animals treated
with 10 mag/kg or 90 mg/kg of Compound X conjugated to Alexa 488,

{B0575] These Examples establish that Peptide X and other peptides of the present
invention are selective oral peptide antagonists of o4f7 imtegrin with minimal systemic
exposure, and are effective w blocking T cell homing and preventing wucosal damage in
murine models of IBD.  Peptide X and the clinically validated anti-odf7 antibody
vedolizumab have comparable potency and selectivity in a vartety of assays including cell
adhesion and binding to human CD4+ memory T cells. P studics in normal or dextran
sodium sulfate (D88} treated mice and rats show that oral dosing results in marked drug
exposure in the small jutestine, Peyer’s Patches, colon, and mesenteric lyrmoph nodes (MLN),
but no significant measurable levels in the blood and urine. To measure the effect of oral
dosing on trafficking of endogenous memory T celis, DSS mice were orally dosed daily with
Peptide X for 9 days, and harvested tissues were analyzed by FACS. FACS analysis showed
a dose dependent reduction of CD4~ CD44™" CDASRBY B7' T cells in the MLN and Peyer’s
Patches, and a concomitant increase i the spleen and blood. There was also a dose-
dependent reduction in body weight loss and mucosal injury as assessed by cndoscopy.
Peptide X also showed stability to a variety of gastrointestinal {GI) fhuds, metabolic enzymes
and intestinal bacteria. Peptide X was shown to be an effective oral antagonist sclective for
gdB7 integrin.  In murine colitis models, Peptide X and similar analogs biocked T cell
trafficking and reduce histopathology to levels similar to that of pathway specific antibodies.
In the blood of cynornolgus monkeys, Peptide X saturated blood receptor occupancy and
increased circulating levels of a4B7 CB4 T cells. Peptide Xs low blood exposure and high
G exposure suggests that it is locally acting within the gut lymphoid compartment to block

memory T cell pathology.

{6057 6] Al publications and patent applications described hercin are hereby
incorporated by reference in their entiretics,

16G5877] The present invention may be cmbodied in other specific forms without
departing from its structures, methods, or other essential characteristics as broadly described

herein and claimed hereinafier. The described ermmbodiments are to be considered in all
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respects only as illustrative, and not restrictive.  The scope of the invention is, therefore,
indicated by the appended claims, rather than by the foregoing description.  AH changes that
come within the meaning and range of equivalency of the claims are to be embraced within

their scope.
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CLAIMS
1. A peptide dimer compound comprising two hinked monomer subunits of Formula
(In
Xaa'-Xaa’-¥aa’-Xaa'-Xaa’-Xaa’-Xaa'-Xaa*-Xaa’-Xaa''-Xaa' '-Xaa""-Xaa""-Xaa"

{(Formula (I
or a pharmaceutically acceptable salt thereof,

wheretn:

Xaa' is absent, Ac, or any amino acid;

Kaa” is absent, Ac, or any amino acid;

Xaa'is absent, A¢, or any amino acid;

Xaa® is Pen or Cys;

Xaz is selected from the group consisting of: N-Me-Arg, Arg, N-Me-Lys, Phe(4-
guanidinoguanidine), Phe(4-carbomyly, Cit, Phe(4-NH,), N-Mec-homoArg, homoArg, Tyr,
Dap, Dab, Arg-Me-sym, Arg-Me-asym, Cav, and His;

Kaais Ser, Gly, Thr or l¢;

Xaa' is Asp, Asp(OMe) or N-Me-Asp:

Xas® is selected from the group consisting oft Thr, Val, Ile, Leu, homolbey, Gln, Ser,
Asp, Pro, Gly, His, Ala, Phe, Lys, Arg, Asn, Ghy, Tyr, Trp, Met, Nle, and N-methyl amino
acids, inclading N-Me-Thr;

Xaa® is selected from the group consisting of: Gin, Ser, Asp, Pro, Gly, Ala, Phe, Glu,
He, Val, N-buty! Ala, N-pental Ala, N-hexvyl Ala, cyclobutyl Ala, cyclopentylAla, Leu, Nie,
Cba, homoley, Cpa, Aoc, and N-Me-Leu;

Xaa'lis Pen;

Xaa'! is absent or selected from the group consisting of aromatic amino acids,
substituted aromatic amino acids, and Tic;

Xaa'? is absent or selected from the group consisting of aromatic amino acids,
substituted aromatic amino acids, Glu, D-Glu, homoGlu, Asp, D-Asp, D-homoGlu, Gla, beta-
homoGlu, Tic, Aic, Gln, Cit, GlRa(OMe), Asn, D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp,
Phe, D-Phe, D-Val, B-Thr, B-Tyr, B-Lys, B-lle, D-His, N-Me-Glu, N-Me-Asp, alpha-
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homoGlu, Biphenyl-Gly, Biphenyl-Ala, Homo-Phe, DB-1-Nal, D-2-Nal, Thr, and Val, and
corresponding B-amino acids and isosteres;

Xaa' is absent or Pro or any amino acid; and

Xaa'" is selected from the group consisting of' any amino acid with an amine side
chain, Lys, D-Lys, N-Me-Lys, D-N-Me-Lys, O, Dab, Dap, HomoLys, D-Dap, D-Dab, D-
Orn, Cys, HomoCys, Pen, D-HomoCys, D-Cys, D-Pen, Asp, Ghi, D-Asp, D-Glu and
HomoSer, HomoGlu, D-homoGhy, N-Me-Glu, N-Me-Asp, N-Me-D-Glu, and N-Me-D-Asp;
wherein:

Xaa’ is selected from the group consisting of Cit, Phe(d-carbomylamine), and N-Me-
homoArg,

Xaa® is selected from the group consisting of Leu, homoLeu, Nie and Val;

Xaa’ is selected from the group consisting of Cba, homoLeu, and Cpa;

Xaa'' is selected from the group consisting of Tic, Phe(2-carbomyl), Phe(3-
carbomyl), Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu);

Xaa'® is selected from the group cousisting of Aic, Gln, Cit, Glu(OMe), D-His, Tic,
Phe(3-COOH), D-Arg, Bip, D-Trp, Phe, D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal, Thr, Val;
or

Xaa' is Pro; and
wherein one or both monomer subunits of the peptide dimer compound comprises a disulfide
bond between Xaa® and Xaa',

2. The peptide dimer compound of claim 1, further comprising a linker motety linking the
two monomer subunits, wherein the linker motety s optionally selected from the group
consisting of DIG, PEGI3, PEG25, PEGIK, PEG2K, PEG3 4K, PEG4K, PEG3K, IDA,
IDA-Palm, IDA-Boc, IDA-Isovaleric acid, Triazine, Triazine-Boc, Isophthalic acid, 1,3-
phenylenediacetic acid, 1,4-phenylenediacetic acid, cyclopropylacetic acid, 4-fhuoorobenzoic
acid, 4-tluorophenylacetic acid, 3-phenylpropionic acid, succinic acid, biotin, glutaric acid,
Azelaic acid, Pimelic acid, Bodecanedioic acid, aliphatic amino acids, aromatic amino acids,
heteroaromatics, polyethylene glycols having a molecular weight from approximately 400Da
to approxirnately 40,000Da, bifunctional linkers, N-Hydroxy succinamine (NHS }-activated

dicsters, and bis-maleimides.
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3. The peptide dimer compound of claim 2, wherein the N-terminus of each monomer
subunit is hoked by the linker moiety to provide an N-termainus dimer compound.

4. The peptide dimer compound of claim 2, wherein the C-terrninus of each monomer
subunit is joined by the linker moiety to provide a C-terminus dimer compound.

5. The peptide dimer compound of any one of claims 1-4, wherein Xaa® is N-Me-Arg.

6. The peptide dimer compound of any one of claims 1-5, wherein Xaa® is Ser, Xaa' is
Asp, Xaa"is Thr, and/or Xaa’ is Leu.

7. The peptide dimer compound of any one of claims 1-6, wherein Xaa'' is Tic,
Phe{2-carbomyl}, Phe(3-carborayl), Phe(4-COCH), Phe(4-OMe), or Phe(4-tBu) .

8. The peptide dimer compound of any oue of claims 1-4,
wherein:

Xaa® is N-Methyl-Arg;

Xaa® is Ser;

Xaza' is Asp;

Kaa" is Thr or Val;

Kaa® is Leu;

Xaa''is selected from the group cousisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr, His,
Phe(4-F), Phe{4-CFs), Phe(4-CH3). Phe(4-tBu), Bip, Phe(4-COOH), Gly, 3,3-DiPhenylGly,
3.3 diPhenyt Ala, Tic, B-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diCh), Phe(3,4-diCly, Phe{4-
carbomyl), Phe(3-Carbomyl), Tyr{Me), and HomoPhe;

Xaa'® is sclected from the group consisting of: any aromatic amino acid, Glu, D-Glu,
and beta-homoGlu;

Xaa' is absent; and

Xaa'® is selected from the group consisting oft D-Lys, N-Me-Lys, and D-N-Me-Lys.

9. The peptide dimer compound of claim &, wherein both subunits comprise one of the
following sequences:

Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-bomoGha}-(D-Lys);
Pen-(N-Me-Argi-Ser~-Asp-Thr-Leu-Peu-(Phe~(4-COOH-B-homoGluy-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{N-Me-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu}-(I-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1 -Nal-{ -horaoGluy-(D-Lys};
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Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys);
Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu-(B-homoGlu)-(D-Lys )
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-tBu)~(B-hornoGlu}-{N-Me-Lys);
Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu}-(N-Me-Lys};
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGhu-(N-Me-Lys);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu}-(D-Lys};
Pen~-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-{B-homoGlu)-(N-Me-Lys},
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGla)-(D-Lys); or
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-D3-Lys),
wherein the subunits are hinked via their C-ternund.
10. The peptide dimer compound of claim ¥, wherein both subunits comprise one of
the following sequences:
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-{Phe-(4-COOH)-(B-homoGlu);
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu;
Pen-(N-Me-Argy-Ser-Asp-Thr-Leu-Pen-2-Nal-{-homoGluy;
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu-(B-homoGhu);
Pen~-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-tBu)-(B-homoGlhu},
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu);
Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGhu);
Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGiu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu);
Pen~-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu); or
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu,
wherein the subumits are linked via thetr N-termini.
11. The petide dimer compound of claim 9 or 10, where the subuniis are Huked via a
DIG hinker.
12. The peptide dimer compound of claim 9 or claim 10, wherein the peptide dimer

compound has onc of the following structures:
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{Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGluj-(D-Lys -NH, |,-DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe~(4-COOH-{B-homoGlu)-(D-Lys)-
NHL,-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Ghi-(N-Me-Lys}-NH: 1-BIG;
[Ac-Pen-{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-hormoGlhu-{(D-Lys)-NHz |-

DIG;
[ Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-1-Nal-{B-homoGlu)-(D-Lys 3-NH, |-
DIG;

[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-{N-Me-Lys)}-NH: L-BIG;
[Ac-Pen-(N-Me~Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBul-{B-homoGlu)-(D-Lys -
NH;1,-BIG;
[ Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGhiy-(N-Me-Lys)~
NH, L-DIG;
[Ac-Pen-(N-Mec-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu}-{N-Me-Lys 3-NH, |-
DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(N-Me-Lys}-NH; |-
DG
[Ac-Pen-{N-Me-Arg)-Scr-Asp-Thr-Len-Pen-1-Nal-(B-homoGlu)-(D-Lys)-NH, |»-
DIG;
[Ac-Pen~(N-Mec-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu-(N-Me-Lys)-NHz b-
DIG;
[Ac-Pen~-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp~{B-homoGlu)-{ B-Lys -NH, h-DIG;
[ Ac-Peon-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-D-Lys)-NH; [-DIG;
[Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu}-(D-Lys)-OH ,-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH M B-homoGlui-(D-Lys)-
OHL-DIG;
FAc-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{N-Me-Lys}-OHL-DIG;
[ Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-horoGlu}-(D-Lys-OH-DIG;
FAc-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- I-Nal-{-homoGluj-«(D-Lys}-OH,-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys}-OHL-DIG;
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{Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBul-(B-homoGlu)-(D-Lys)}-OH -

DIG;
[AC-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-tBu)-(B-homoGlu)-(N-Me-Lys)-
OHL-DIG;
FAc-Pen~-(N-Me-Arg)-Ser-Asp-Thr-Lea-Pen-Trp-{ B-homoGlo}-{(N-Me-Lys 3-OH -
DIG;
[ Ac~-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-{(N-Me-Lys)-CH, |-
DIG;

| Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys )-OH-DIG;
2 p {
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-{B-homoGhi)-(N-Me-Lys)}-OH],-
{ 8 p
DIG;
Ac-Pen-{(N-Me-Arg}-Ser-Asp-Thr-Len-Pen-Trp-(B-homoGha}-(D-Lys)}-OH -
g { P 3

DIG; [ Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-D-Lys)-OH,-DIG;

2 ¥ 8t {
{Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu)-NH, 1,-DHG;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-{Phe-(4-COOH -(B-homoGla)-NH; -

g P J
DIG;
[ Ac-Pen-{N-Me-~-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-NH, 1,-DIG;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{ §-hornoGhu-NH, |,-DIG;
2 ¥
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1-Nal-(§-homoGhu i-NH, 1,-DIG;
2 P
FAc-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-NH h-DIG;
| Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-1Bu-(p-homoGlu)-NH; |,-DIG;
g it
Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Phe{4-tBu)-(f-bomoGlu-NH, -G
g f :
[Ac-Pen~(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)}-NH, L-DIG;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-{ §-homoGh i-NH, |,-DIG;
2 P :
L Ac-Pen~{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-1-Nal-( B-homoGhu-NH, ,-DIG;
X e F €K
Ac-Pen-{N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-( B-homoGlu)-NH, H-DIG;

( g P (
{Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp~{B-homoGlul-NH L-DIG;
{Ac-Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-NH 1L-DIG;
[Ac-Pen-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-OH L-DIG;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-{Phe-(4-COOH (B-homoGlu}-OH -
: g P ¢

DIG;
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{Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-OHL-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-borooGlu)-OH-DIG;
[Ac-Pen-{IN-Me-Arg)-Ser-Asp-Thr-Leu-Pen- I-Nal-{(B-hormoGlu}-OH|,-DIG;

[Ac-Pen~-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-OHL-DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)~(B-homoGla)}-OH L-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-tBuj-(B-homoGlu}-CH,-DIG;

[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp~(B-homoGhu)-OH L-DIG;
[Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-horaoGlu}-0H, |,-DIG;
[Ac-Pen~-{N-Me-~Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu-OHL-DIG;
[Ac-Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-OH L-DIG;
[Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{ B-homoGlu-OH,-DIG; or [Ac-

Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-OH L-DIG.

13. The peptide dimer compound of claim 12, wherein the peptide dimer compound 1s
an acetate salt.

14, The peptide dimer compound of any one of claims 1-4, wherein the peptide diraer
compound a C-terrumal OH.

15. The peptide dimer compound of claim 1, further comprising N(alphamethylation
at one or more positions sclected from the group consisting of Xaa®, Xaa®, Xaa'-Xaa®, and
Xaa''-Xaa®.

16. The peptide dimer compound of claim 1, further comprising acylation at one or
more position selected from the group consisting of Xaa'-Xaa® and Xaa''-Xaa'".

17. The peptide dimer compound of claim 1, wherein Xaa' and Xaa® are absent, and
Xaa® is Ac.

18. The peptide dimer compound of claim |, wherein one or more of Xaa'', Xaa"?
and Xaa"’ is absent.

19, A peptide mmonomer compound of Forraula (IV):

Xaa'-Xaa’-Xaa'-Xaa -Xaa -Xaa’-Xaa'-Xaa -Xaa -Xaa''-Xaa''-Xaa'"-Xaa"-Kaa"
(Formula (IV))
or a pharmaccutically acceptable salt thereof,
wherein:

Kaa' is absent, Ac, or any amino acid;
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Xaa’is absent, A¢, or any amino acid;

Xaa' is absent, Ac, or any amino acid;

Xaa' is Pen and Cys;

Xaa’ is selected from the group consisting of: N-Me-Arg, Arg, N-Me-Lys, Phe(4-
guanidino}, Phe(4-carbomylamivo), Cit, Phe(4-NH;), N-Me-homoArg, homoArg, Tyr, Dap,
Dab, Arg-Me-sym, Arg-Me-asym, Cav, and His;

Xaa’is Ser, Gly, Thr, or lle;

Xaa is Asp, Asp(OMe), or N-Me-Asp;

Xaa' is sefected from the group consisting of: Thr, Val, He, Leu, homoLleu, Glg, Ser,
Asp, Pro, Gly, His, Ala, Phe, Lys, Arg, Asn, Glu, Tyr, Trp, Met, Nie, and N-methy! amino
acids, including N-Me-Thr;

Xaa’ is selected from the group consisting of: Gln, Ser, Asp, Pro, Gly, Ala, Phe, Glu,
He, Val, N-butyl Ala, N-pental Ala, N-hexyl Ala, cyclobutyl Als, eyclopentylAla, Leu, Nig,
Cpa, Cha, homoeleu, Aoc, and N-Me-Leu;

Kaa' is Pen or Cys;

Xaa'' is absent or sclected from the group consisting of: Trp, Phe, 2-Nal, 1-Nal, Tyr,
His, Phe(4-F), Phe(4-CFs), Phe(4-CHs), Phe(d-tBuy, Bip, Phe(4-COOH), Gly, 3.3-
DiPhenyiGly, 3,3-DiPhenyl Ala, Tic, b-homoTrp, D-1-Nal, D-2-Nal, Phe(2,4-diChH, Phe(3.4-
diCl}), Phe{d-carbomyl), Phe(3-Carbomyl), Phe{2-carbomyl), Tyr{Me), homoPhe, N-Me-Phe,
N-Me-Tyr, Ser, Sar, Dhhydro Trp, lle, Leu, Arg, Thr, aromatic amino acids, substituted
aromatic amino acids, and Tic;

Xaa'? is absent or selected from the group consisting of aromatic amino acids,
substituted aromatic amino acids, Glu, D-Glu, homoGlu, Asp, D-Asp, D-homoGlu, Gla, beta-
homoGlu, Tic, Aic, Gln, Cit, GlRa(OMe), Asn, D-His, Tic, Phe(3-COOH), D-Arg, Bip, D-Trp,
Phe, D-Phe, D-Val, B-Thr, B-Tyr, B-Lys, B-lle, D-His, N-Me-Glu, N-Me-Asp, alpha-
homoGlu, Biphenyl-Gly, Biphenyl-Ala, Homo-Phe, D-1-Nal, D-2-Nal, Thr, and Val, and
corresponding D-aming acids and isosteres;

Xaa' is absent or Pro or any amino acid; and

Xaa' is any amino acid,

wherein
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Xaa® is selected from the group consisting of Cit, Phe(4-carbomyl), and N-Me-
HomoArg;

Xaa® is selocted from the group consisting of Leu, homoLeu, Nie and Val;

Xaa’ is selected from the group consisting of: Cha, homol.eu, and Cpa;

Xaa'l is selected from the group cousisting of Tic, Phe(2-carbomyl), Phe(3-
carbomyl}, Phe(4-COOH), Phe(4-0OMe), and Phe{4-tBu);

Xaa'® is selected from the group consisting of Aic, Gln, Cit, Glu(OMe), D-His, Tic,
Phe(3-COOH), D-Arg, Bip, D-Trp, Phe, D-Phe, D-Val, D-Thr, D-1-Nal, D-2-Nal, Thr, Val;
or

Kaa' is Pro; and
wherein the peptide monomer compound comprises a disulfide bond between Xaa® and
Xaa'’,

20. A peptide monomer corapound of Formula (V)

Xaa'-Xaa'-Xaa -Xaa'Xaa -Xaa®-Xaa'-Xaa®-Xaa -Xaa"
(Formula (V}))
or a pharmaccutically acceptable salt thereof,
wherein the peptide compound comprises a disulfide bond Xaa' and Xaa';
wherein Xaa'-Xaa'" of Formula (V) corresponds to Xaa'-Xaa' of Formula (IV), and
wherein

Xaa' is Pen or Cys;

Xaa® is sclected from the group consisting of Cit, Phe(4-carbomyl), and N-Me-
HomoArg:

Xaa® is Ser Gly, Thr, or Hle;

Xaa"is Asp, D-Asp, Asp{OMe), or N-Me-Asp;

Xaza’ is selected from the group consisting of Len, HomoLeu, Nie and Val;

Xaa® is selected from the group consisting oft Cba, HomoLeu, and Cpa;

Xaa' is Pen or Cys;

Xaa® is selected from the group consisting of Tic, Phe{2-carbomyl), Phe(3-carbomyl),

Phe(4-COOH), Phe(4-OMe), and Phe(4-tBu);
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Xaa® is selected from the group consisting of Aic, Gln, Cit, Glu{OMe), D-His, Tic,
Phe(3-COOH), D-Arg, Bip, B-Trp, Phe, D-Phe, B-Val, D-Thr, D-1-Nal, 1-2-Nal, Thr, Val;
and

Xaa'’ is Pro.

21. The peptide monomer compound of claim 20, wherein Xaa® is N-Me-Arg.

22. The peptide monomer compound of claim 19 or claim 21, wherein Xaa' and Xaa’
arc absent, and Xaa® is Ac, and/or wherein one or more of Xaa'', Xaa'® and Xaa" is absent.

23. The peptide monomer compound of claim 19 or claim 21, wheremn the peptide
monomer compound comprises one of the following sequences or structures:

Pen~{(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe(4-COOH N-(Glu)-{D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe(4-COOCH-(B-homo-Glu-(D-Lys;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe(4-tBu)-Glu-{I-Lys);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-{Phe(4-tBu))-(B-homo-Glu}-(D-Lys):
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe(4-tBu))-Glu-(N-Me-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Peu-Bip-Glo~(D-Lys);
Pen-{N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-Bip-(B-homo-Glu)-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-bomoGha}-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-{Phe-(4-COOH-(B-homoGlu)-{D-Lys);
Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{N-Me-Lys});
Peo-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B~borooGlu)-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- I-Nal-{{-hornoGhuy-(D-Lys);
Pen~-(N-Me-Arg)-Ser-Asp~Thr-Leu-Pen-2-Nal-Gla-(N-Me-Lys},
Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu-(B-homoGlu)-(D-Lys )
Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-( B-homoGlu -(N-Me-Lys);
Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu}-(N-Me-Lys};
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-(N-Me-Lys};
Pen-{N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lysy;
Pen-(N-Me-Arg)-Ser-Asp-Thre-Leu-Peu-1-Nal-{B-homoGluo)-(N-Me-Lys),
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(pB-homoGlu-(D-Lys);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{N-Me-I3-Lys);
Ac-Pen~-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-(D-Lys)-OH;
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Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COCH - B-homoGla)}-(D-Lys)-
OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{N-Me-Lys)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlo)-(D-Lys }-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Peu- 1-Nal-(B-homoGlo)-(D-Lys)}-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys)-OH;
Ac-Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-1Bu)-{B-homoGlu)-(B-Lys)-OH;

Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-1Bu)-( B-homoGlu)-(IN-Me-Lys)-
OH;

Ac-Pen-{(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGlu)-{N-Me-Lys}-OH;
Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGlu}-+(N-Me-Lys)-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)}-(N-Me-Lys)-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGlu-{D-Lys-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leo-Peo-Trp-Glo-{N-Me-D-Lys)}-OH;
Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-(D-Lys)-NH;;
Ac-Pen~-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~(Phe-(4-COCH -(B-bomoGla}-{(B3-Lys)-

NHy:
Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-Trp-Glu-(N-Me-Lys)-NHy;
Ac-Peu-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-hormoGlo)-(D-Lys)-NHy;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- I -Nal-{§-hornoGhu -(D-Lys}-NH,;
Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu-(N-Me-Lys)-NHz;
Ac-Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-Phe(4-tBul-{B-homoGlu)-(DB-Lys-NHy;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-tBu-(B-homoGlu)-{(N-Me-Lys -

NH,;
Ac-Pen-{(N-Me-Arg)-Scr-Asp-Thr-Leu-Pen-Trp-(B-homoGlu}-(N-Me-Lys-NHy;
Ac-Pen-(N-Me-Arg}-Ser-Asp-Thr-Leu-Pen-2-Nal-{B-homoGlu)-(N-Me-Lys}-NHz;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(D-Lys-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)-(N-Me-Lys)}-NH;;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-{B-homoGlu-(D-Lys 3-NH,;
Ac-Pen~-(N-Mc-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-{N-Me-D-Lys 3-NH;; or
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Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-(Phe(4-COOH)-(Ghu);
Peo-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~(Phe(4-COOH -(B-homo-Glu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-{Phe(4-tBu))-Glu;
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~{ Phe(4-tBu))-( B-homo-Gluy;
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-{Phe(4-tBu))-Glu;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Bip-Ghy;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Bip-(B-homo-Glu);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH-{B-homoGlu);
Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu;
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu};
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Glu;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu-(B-homoGhu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-(B-homoGluy;
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-( B-homoGlu);
Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu);
Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu);
Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu);
Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Gly;
Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-Trp-(B-homoGlu)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH -(B-homoGlu}-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-OH;
Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-2-Nal-{(B-homoGlu}-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu}-OH;
Ac-Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-Ghi-OH;
Ac-Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-Phe(4-tBu)-(B-homoGlu)-OH;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe{4-1Bu-(B-homoGlu)-0OH;
Ac-Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp~(B-homoGiu)-OH;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-MNal-(B-homoGlu)-OH;
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Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu}-OH;
Ac-Pen~(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-~1-Nal-(B-homoGlu-OH;
Ac-Pen-{N-Me-Arg)-Scer-Asp-Thr-Leu-Pen-Trp-{ -horoGlu-OH;
Ac-Pen~-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-Glu-OH;
Ac-Pen~{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-Trp~(B-homoGlu)-NHy;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-(Phe-(4-COOH }-(B-homoGlu}-NHy;
Ac-Pen-(N-Me-Arg-Ser-Asp-Thr-Leu-Pen-Trp-Glu-NHy;
Ac-Pen-(N-Me-Argi-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-NHa;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen- 1 -Nal-(B-homoGlu)-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Peo-2-Nal-Glu-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-{B-homoGlu)-NH;;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Phe(4-tBu)-{B-homoGhu)-NH;;
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-Trp-(B-hornoGlu}-NHy;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-2-Nal-(B-homoGlu)-NHa;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Peo- 1-Nal-{(B-horoGlu)-NHy,
Ac-Pen-{N-Me-Arg)-Ser-Asp-Thr-Leu-Pen-1-Nal-(B-homoGlu)}-NH,;
Ac-Pen-(N-Me-Arg)-Ser-Asp-Thr-Leu-Pen~-Trp-( B-homoGhi-NHy; or
Ac-Pen-{N-Me-Arg)-Scr-Asp-Thr-Len-Pen-Trp-Glu-NH,.
24. A compound of any one of claims 1-23, wherein the compound is detectably
fabeled.
25. A pharmaccutical coraposition comprising a compound of any one of claimms 1-23.
26. The composition of claim 24, further comprising an enteric coating, wherein the
enteric coating protects and releases the pharmaceutical coraposition within a subject’s lower
gastrointestinal system
127. A method for treating a subject afflicted with a condition that is associated with a
biological function of an a4f7 integrin, the method comprising adrmistering to the hurnan
an effective amount of a compound of any one of claims 1-23 or composition of any one of
claims 25-26 .
28. The method of claira 27, wherein the condition 18 selected from the group
consisting of Inflammatory Bowel Disease (IBD), ulcerative colitis, Crohn’s disease, Celiac

disease (nontropical Sprue), entcropathy associated with seronegative arthropathics,
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microscopic colitis, collagenous colitis, eosinophilic gastroenteritis, radiotherapy,
chemotherapy, pouchitis resulting after proctocolectory and ileoanal anastomosis,
gastrointestinal cancer, pancreatitis, insulin-dependent diabetes raellitus, mastitis,
cholecystitis, cholangitis, pericholangitis, chronic bronchitis, chronic sinusifis, asthma,
primary sclerosing cholangitis, bursan omunodeficiency virus (HIV) infection in the G
tract, cosinophilic asthma, cosinophilic esophagitis, gastritis, colitis, microscopic colitis, graft
versus host disease, colitis associated with radio- or chemo-therapy, colitis associated with
disorders of innate imununity as in leukocyie adhesion deficiency-1, chronic granuloratous
disease, glycogen storage disease type 1b, Hermansky-Pudlak syndrome, Chediak-Higashi
syndrore, and Wiskott-Aldrich Syndrowe, or pouchitis resulting after proctocolectomy and
ileoanal anastomosis and various forms of gastrointestinal cancer, osteoporosis, arthritis,
multiple sclerosis, chronic pain, weight gain, and depression. In another embodiment, the
condition 1s pancreatitis, msulin-dependent diabetes mellitus, mastitis, cholecystitis,
cholangitis, pericholangitis, chronic bronchitis, chronic sinusitis, asthma or graft versus host
disease.

29. The method of claim 28, wherein the condition is an inflarnmatory bowel discase.

36. The method of claim 28, wherein the inflammatory bowel disease is ulcerative
colitis,

31. The method of claim 30, wherein the inflammatory bowel disease is Crohn’s
discase.

32. The method of claim 27, wherein the peptide diracr corpound or peptide
monomer compound inhibits binding of a4p7 to MAJCAM.

33. The method of claim 30, wherein the peptide dimer compound or peptide
monomer compound selectively inhibits binding of 047 to MAJCAM.

34. The method of claim 27, wherein the subject is a human,

35. The method of claim 34, wherein the peptide diraer compound or peptide
monomer compound is administered by a form of administration selected from the group
consisting of oral, intravenous, peritoneal, intradermal, subcutaneous, intramuascular,
intrathecal, inhalation, vaporization, ncbulization, sublingual, buccal, parenteral, rectal,

vaginal, and topical.
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36. The method of claim 34, wherein the peptide dimer compound or peptide
monomer compound s administered as an inttial does followed by one or more subsequent
doses and the minimurm interval between any two doscs 18 a peried of less than 1 day, and
wherein each of the doses comprises an effective amount of the peptide dimer compound.

37. The method of claum 34, wherein the effective amount of peptide dumer
compound or peptide monomer compound is sufficient to achieve at least one of the
following selected from the group consisting of’ a) about 50% or greater saturation of
MAJCAM binding sites on 04p7 integrin molecules; b} about 50% or greater inhibition of
adfB7 integrin expression on the cell surface; and ¢) about 50% or greater saturation of
MAACAM binding sites on 0487 molecules and about 50% or greater inhibition of 047
integrin expression on the cell surface, wherein 1) the saturation is maintained for a period
consistent with a dosing frequency of no more than twice daily; it) the inhibition is
maintained for a period consistent with a dosing frequency of no more than twice daily; or
ii1} the saturation and the inhibition are each maintained for a period consistent with a dosing
frequency of no more than twice daily.

38. The method of claim 34, whercin the peptide dirner compound or peptide
monomer compound is administered orally.

39. The method of clatro 34, wherein the peptide dimer compound or peptide
monomer compound is administered parenterally.

490, The method of claim 34, wherein the peptide divner compound or peptide
monomer compound is adrninistered topically.

41. The method of claim 34, wherein the peptide dimer compound or peptide
monomer compound s administered at an interval selected from the group cousisting of
around the clock, hourly, every four hours, once daily, twice daily, three times daily, four

times daily, every other day, weekly, bi-weekly, and monthly.
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