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(57) Abstract: Drug compositions for treatment of one or
more inflammatory conditions can includes at least one of a
theta-defensin, analog or derivative thereof. Inventive meth-
ods include researching theta- defensins, analogs or derivat-
ives thereot for their efficacy with respect to anti-inflammat-
ory effects, and providing such compositions to the market-
place for the purpose of treating inflammatory conditions.
Of particular interest are drug compositions effective to pro-
duce clinically relevant inhibition of tumor necrosis factor
alpha (TNF-alpha)-converting enzyme (TACE) or other
proinflammatory proteases, and/or sheddases, such as RTD-
1-27, RTD-1-28 or RTD-1-29. It is contemplated that pre-
ferred compositions can be used to treat theumatoid arthrit-
is, inflammatory bowel disease, and other chronic intlam-
matory diseases, autoimmune diseases, cancer, and
Alzheimer's, osteoarthritis, inflammation-related neurode-
generative and other inflammation-related diseases.
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BLOCKADE OF INFLAMMATORY PROTEASES WITH THETA - DEFENSINS

10001

Field of the Invention

[6002] This invention relates to the use of cyclic peptides for modulating cytokine activity,
including signaling and inflammatory pathways, in various diseases. More particularly, cyclic
pepiides possess hereto unknown biological activities, such as inhibition of sheddases and other
relevant proteases {metalloproteinases and cysteine proteases) , with application across discases

wherein the activities of these proteases relaie o pathogenesis of the disease,

Backeround

{6003} The following description includes information that may be useful in understanding
the inventive subject matter. It is not an admission that any of the information provided
hererin is prior art or relevant to the presently claimed inventions, or that any publication

specifically or implicitly referenced is prior art.

[6084] The cyclic peptides described herein are recently discovered therapeutic agents targeting
pro-inflammatory enrymatic pathways of known clinical significance, such as tumor 11€CTOsis
Tactor alpha (TNF-m)-converting enzyme (“TACE”, also known as ADAMI17) and other
metalioenzymes (e.g., sheddases and matrix metalloproteinases (“MMFs”)) that are implicated in
pathologic inflammation, tissue degradation, and the mobilization of growth factors that promote

cancer cell proliferation.

[6005] Metalloproteinases reguiate many biological processes, ranging from developmental
programming, response o tissue injury or infection, scar remodeling, and stimulation of cell
division (3). Regulation of metalloproteinase activity is crucial for cellular and tissue
homenstasis. A number of disease states are associated with over-expression of metalloenzyme
activities. For example, the joints affected by rheumatoid and other forms of arthritis have

clevated levels of MMPs as well as TNF-a, which is released from the cell surface of pro-TNF-a
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expressing cells by TACE (7, 8, 13, 16). Blockade of TNF-¢ with monoclonal antibodies has
proven to be effective in the treatroent of rheumatoid arthritis (RA) in a significant fraction of
patients with RA who are unresponsive to {irst line drugs such as low dose methotrexate.
Because the blockade of TNF-g¢ for RA 18 not effective in all cases, and because there are serious
side effects associated with TNF-a blockers in a subset of patients, there are continuing efforts to
develop alternative anti-inflamunatory strategics. In this regard, numerous pharmaccutical
compantes have tocused drug development programs on the discovery of TACE inhibitors (173

but none have been approved by the FDA.

{0006} Theta defonsins (8-defensins) are naturally occurring cyclic peptides expressed in tissues
of rhesus monkeys, baboous, and other Old World monkeys. They are ot expressed in humans
or other hominids. Naturally cccurring 8-defensins are composed of a ring of 18 amino acids
stabilized by three disulfide bonds that are conserved among all known 8-defensins (9, 21-23,
25}, Like other defensins, 8-detfensins were originally discovered based on the antimicrobial
properties of the peptides. However, the mnventors have discovered a second, hereto unknown
property of B-defensins, as potent anti-inflammatory factors, As described turther herein, vatural
and modified structures of 8-defensins are capabie of down regulating intlammation both ex vive
aud in vive. Most importantly, i was discovered that 8-defensins and peplides derived from the
structure of 8-defensins {¢.g., cyclic peptides), are capable of inhibiting TACE, a key factor in
TNF-a inflammation. This totally novel discovery that 8-defensins are natural TACE inhibitors
now provides a vital source for molecules capable of regulating inflammation via endogenous
cytolane-related pathways existing 1 a subjoct. These peptides are the only known natural
product expressed tn animals that is a soluble regulator of TACE. Thus, cyclic peptides can be
used as therapoutics across a variety of disease states or conditions, such as autoimmune and
other inflammatory diseases, that result from dysfunctional cylokine activity, and a variety of
inflammatory diseases and/or conditions in humans may be due to the loss of 8-defensin

expression during primate evolution,

{0607} Further, factors such as TACE are members of a broader ¢lass of molecules known as
sheddases, which possess biological activity of cleaving extracellular protein domains. This
cleavage activity has provided a therapeutic pathway for potentiating the etfficacy of certain

treatments, such as trastuzumab (Herceptin) by inhibition of sheddase ADAMIG, for use in
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breast cancer. Typically, ADAMIU sheddase cleavage of Her2 leads to a Her2 fragment
possessing constitutive kinase activity with ligand-independent growth and survival signals to
proliferating cells. However, the deleterious effects of this process can be stymied through
sheddase inhibition. Thus, cyclic peptides possessing sheddase inhibitory activity provide
therapeutic approaches for an even wider variety of diseases and/or conditions, including those
wherein changoes in metalloproteinase structure, cxpression, and/or function, relates to

pathogenesis of the disease and/or condition.

{0008} For over a dozen vears, pharmaceutical companies have sought to develop TACH
inhibitors (14, 17}, While several small molecules {(mostly hydroxamates) were shown to be
effective in animal models of RA, none of these compounds have been approved due 1o
unacceptable toxicities in humans (14, 17), Indeed all of the exusting TINF antagonists have
black box warnings, the sternest warning by the U.S. Food and Drog Administration (FDA) that

a medication can carry and still remain on the market in the United States.

16809 Therefore, the advent of 2 non-toxic TACE inhibitor that is efficacious in a discase such
as RA would be a valuable addition to the therapeutic approaches to RA, related antoimmune
and inflammatory discases, as well as other discases involving metalloproteinase activity, such as
cancer. In more gencral terms, there 1s still a need for medicaments that treat inflammatory and
inflammation-related conditious, especially chronic iflammatory counditions, as well as methods

of manufacturing, marketing and administering such medicaments.

Summary of The Invention

{6018} The inventive subject matier provides apparatus, systems and methods in which a drug
composition that includes a 8-defensin, analog or derivative thereol 1s researched and warketed

to treat an inflammatory condition.

i
=

8011} As of the date of this filing, preferred drug compositions include at least one of RTD-1-

27, RTD-1-28 and RTD-1-29.

10012} Contemplated 1 the research aspect of the inventive subject matter are toxacity, efficacy
and dose-response studies. Any of such studies can be conducted directly by a pharmaceutical or

other company in its own laboratories, or indirectly through a subsidiary or even an unrelated
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company, all of which should be understood herein as being inchuded in the concept of

determining efficacy of the drug composition,

{6013} The anti-inflammatory effect(s) contermplated herein should be interpreted to broadly
include all clinically relevant inhibition of inflammation-related compounds, including for
exarnple, inhtbition of tumor necrosis factor alpha (TNF-a)-converting enzyme (TACE),
Cathepsin C, or other proinflammatory proteases, the ADAMS family of metalioproteases and

ather sheddases.

{6014} The step of providing the drug composition to the marketplace should be interpreted
herein as roanufactaring, or having wanufactured, or supervising, controlling or tn any other
manner directing the manufacturing of, a commercial quantity of the drug composition.
Countemplated minimal commercial quantities include a total of 1 kilogram, 10 kilograras, 100
kilograms, and 1000 kilograms, during any given one-year period in one or more production

facilities,

{0015} One interesting aspect of conternplated 8-defensin, analog or derivatives thereof is that

rmany of these compounds are highly stable against acids and proteases, and could be

administered in an oral formulation.

{0016} At least in part because the contemplated therapeutic compositions can affect TACE
and/or sheddases, it is contemplated that many different inflammatory conditions can be treated,
inchuding for cxample, rheumatoid arthritis, inflammatory bowel discase, and other chronic
mflammatory discases, autoimmune discases, acute bacternia, sepsts, eystic fibrosis, cancer,
Alzhetmer's, osteoarthritis, inflammation-related neurodegencrative and other inflammation-
related diseases, It 1s especially contemplated that methods and composttions conterplated
herein could be advantageously marketed to treat persons who are non~-responders o an anti-

TNF-g treatment.

{60617} Also contemplated are medicaments and methods of manufacturing medicaments for
administration {0 a human or npon-humean antmal, wherein the medicament includes at least one

of a novel 8-defensin, analog or derivative thereof disclosed herein or in a priority application
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that 1s marketed to treat an inflammatory condition. Of particular interest are RTD-1-27, RTD-1-

28 and RT-1-29,

{0018] Various objects, features, aspects and advantages of the inventive subject matter will

become more apparent from the following detailed description of preferred embodiments

Brief Deseription of The Drawing

{0019} Fig. 1. 0-defonsin biosynthesis and structure. Substituent nonapeptides {color coded} are

excised and spliced to produce the mature peptide RTD-1 {from (21).

{6020} Fig. 2. Alignment of prepro-8-defensins. A, BTD-a to ~d amino acid sequences
predicted from ¢DNA are aligned manually with RTD1a to ~¢, and human 8-defensin
pseudogene (HTDp). Dots in aligned sequences denote amino acids identical to those in BTD-a,
the asterisk symbol denotes the position of termivation codon, and the # symbol denotes a stop
codon that prematurely terminates translation. B. Cyclic structures of 10 deduced BTD peptides

derived from cBNA sequences,

{0021} Fig. 3. RTD-1 reduces lethality in mouse polymucrobial sepsis. Adult Balb/c mico
recetved cecal ligation and punctare (CLP) at T=0. Mice received a single 150ul injection of
normal saline (8, n=10) 4h after CLP or saline containing Smg/kg of RTD-1 at 4h (&, n=11) or

24 h (8, o=5) after CLP surgery.

{0022} Fig. 4. Anti-TNF activities of 8-defensins. A, Covalent structures of RTD 1-6 (23) with
color coding showing derivation of constituent nonapeptides (23). B. Human whole blood
(1:10) was incubated with 100 CFU/ml of live £. coli for 4h in the presence of 0-10 ug/ral 8-
defensm RTD-1 and two human o~defonsins (HNP-2 and HNP-4) and TNF-o was quantified by
ELISA. C. RTDs 1-5 were tested for effect on TNF-a release from human whole blood as in
panel B; TNF-o was quantified by ELISA. RTD-6, present in only trace quantities in PMNSs has

not been tested.

{0023} Fig. 5. B-defensing inhibit pro-inflamnatory cytokines/chemokines induced by multiple
TLR agonists. Human peripheral blood cells (3 x 10° cells/ml) in RPMI 1640 + 5% human

plasma were incubated with 10 pg/ml of RTD-1 alone (No agonist coniroly or peptide solvent
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{0.01% HOACc) or simultaneously with TLR agonists for 4 h at 37°C in 5% CO, with gentle
agtiation. Supernatants were harvested by centrifugation and cylokine/chemokine levels were
quantified by Luminex xXMAP analysis using a Milliplex cytokine/chemakine panel. Agonists:
TLR2 -1 x 10" heat kilied L. monocytogenes, TLRA — 3.3 ng/ml £, coli K12 LPS; TLRS- 30
ng/mb 80 gyphimurium flagetling TLRE - 0.9 pg/ml ssRNA4D.

{0624 ¥Fig. 6. 8-defensins are competitive inhibitors of TACE. A. Recombinant TACE
(rTACE} was incubated with the indicated concentrations of peptides + TACE-specific substrate
{(Mea-PLAQAV-Dpa-RSSSR-NH, ) and enzymatic activity was measured fluorometrically. B
RTDs 1-5 were analyzed for TACE inhibition as in panel A. €. Lineweaver-Burke analysis of
RTDx-1 inhibition of yTACE at peptide concentrations of 8, 58, 100, and 150 ngml. D.
Comparison of RTD-1 and “native” acyclic analog (S-7) structures. ¥E. Relative inhibition of
rTACE by RTD-1 and RTD-1-S7 analog. F. Inhibition of TACE by RTD-1 on resting or LPS-
primed {2 h) THP-1 cells (1)

i0628] Fig. 7. t-defensins are potent inhibitors of ADAMI0. Recombinant ADAMI) and
substrate (Mca-PLAQAV-Dpa-RSSSR-NH..0.05ug/mi} were incubated with RTD 1-3 for 60

T

min at 37°C and cuzymatic activity was measured fluorometrically,

{6026] Fig. 8. [n vivo cfficacy and anti-TNFo and TACE blocking activities of muni-8-
defensins., A. Covalent structurcs of puni-g-defonsins. B. Efficacy of mini-6-defensins in CLP
sepsis. CLP surgery was performed on BALB/c mice at T=0. Four b post surgery, mice were
treated with i.v. PBS (sham control} or 5 mg/kg of the indicated mini-8-defensin in PBS.
Efficacy of treatment was monitored as survival up to 15 days. €. Mini-8-defensins were
evaluated for effects on TNFa release from human whole blood.  EDTA-anticoagulated whole
blood was diluted 1:10 in RPMI 1640 and incubated with live £ cofi cells for 4 hwith 0 -10
pg/ml of RTD-1 (natoral O-defensing or the three mini-8-defensins indicated. D, The effect of

RTD-1 and three mini-B-defensins on TACE activity was determined as described in Fig. 5.

{0027} Fig. 9. Effect of RTD-1 in rat Prstanc-induced arthritis (PTA). PIA was induced in DA
rats as described in the text and were randomized to receive daily Lv. injections of saline (N=10)

or 5 mg/kg RTD-1 (N=11). Gross pathology was assessed and scored (20). Each symbol
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represents gross pathology score of an individual animal. In all cases, RTD-1 treatment induced

resolution of joint disease which was accompanied by recovery of normal ambulation.

Detailed Description

[0028]  Unless defined atherwise, technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the inventive
subject matter belongs. Singleton er al., Dictionary of Microbiology and Molecular Biolagy 3
ed., 1. Wiley & Sons (New York, NY 2001); March, Advanced Organic Chemistry Reactions,
Mechanisms and Structure 5 ed., J. Wiley & Sons (New York, NY 2001); and Sambrook and
Russel, Molecular Cloning: 4 Laboratory Manual 3rd ed , Cold Spring Harbor Laboralory Press
(Cold Spring Harbor, NY 2001}); provide one skilled in the art with a general guide to many of

the terms used in the present application.

160291 One skilled in the art will recognize many methods and materials similar or equivalent to
those described herein, which could be used in the practice of the claimed inventions. Indeed,
the inventive subject matter should not be interpreted as being limited to the methods and

materials described. For present purposes, the following terms are defined below,

16030] Unless the context dictates the contrary, all ranges set forth herein should be interpreted
as being inclusive of their endpoints, and open-ended ranges should be interpreted to include
commercially practical values. Similarly, all lists of values should be considered as mclusive of

interruediate values unless the context indicates the contrary.

[0031] As used herein the terms “Theta-defensins” or “O-defensins” include members of the 8-
defensin family of defensin proteins as found in various primate species, such as Old World
monkeys and apes (examples being the rhesus monkey, olive baboon, siamang gibbon and
orangutan), wherein §-defensing precursors are expressed transcriptionally and processed via
post-translational modification into 8-defensin. This further includes pseudogenes found in
Great Apes (examples being human, chimpanzees, bonobos, and gorillas), wherein genetic
modification of 8-defensin pseudogenes may be altered according to techniques readily known in
the art, to allow expression of §-defensin proteins in mammalian cells. This also icludes 6-

defensin proteins that may be identified in the same or different species, according to techniques
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readily known in the art, such as computer modeling techniques describing sequence homology
or conserved structure in a comparison window of nucieic acid and/or amino acid sequences, or
selective hybridization techniques using nucleic acid probes to identify homologous 8-defensins.
8-defensins may be isolated from endogenous sources, produced in autologous or heterologous
cell lines, produced via peptide synthesis, or according to any available method known to one of
skill in the art. Examples of 8-defensins include RTD-1, RTD-2, RTD-3, RTD-4, RTD-5, RTD-
6, BTD-1, BTD-2, BTD-3, BTD-4, BTD-5, BTD-6, BTD-7, BTD-8, BTD-9, BTD-10 or HTDp.

18032} “Sheddase”, as used herein, includes snzymatic proteius that cleave extracelhular portions
of transmembrane proteins. Examples include members of the disintegrin and metalloproteinase
family {ADAM) of proteins, aspartic protease (BACE) farly of proteins, amoug others,
Examples of ADAM proteins that are sheddases include ADAM2, ADAM7, ADAMS, ADAMSY,
ADAMIO, ADAMIL, ADAMIZ, ADAMIS, ADAMIT, ADAMIS (also known as ADAM27),
ADAMIS, ADAMZO, ADAMZI (also known as ADAM31), ADAMZZ, ADAM23, ADAMZE,
ADAM?29, ADAM30, and ADAM33.

{8033} The term “analog”, as applied to 8-defensins hercin, are polypeptides and peptides that
contain a core structure derived from a defensin, such as 8-defonsin, that is capable of
modulating cytokine activity, inhibiting proteolytic sheddase activity, altering enzyme function
related to cell surface receptors, and/or possesses anti-microbial activity, Examples include
cyclic peptides containing one, two, three, four, or more disulfide bonds across multiple cysteine
restducs or substantially similar substitutes, wherein the analog can range m length from 8-24

amino acids, and contains a net positive charge.

{¢034] Defensins are small cysteine-rich cationic proteins that are highly evolutionarily
conserved, as found in vertebrates, invertebrates, as well as plants. These proteins possess
biological activity against a wide spectruam of organisms such as bactenia, fungt and many
enveloped and non-enveloped viruses. Generally, defensins consist of 18-45 amino acids
including 6 (in vertebrates) to & conserved cysteine residues. Various immune cells, such as
neutrophil granulocytes and almost all epithelial cells, contain these peptides as host cells, with a
key tunction of kalling phagocytized or extracellular microorganisns. Many defensins function

by binding to the microbial cell membrane, and, once embedded, form pore-itke membrane
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defects that allow efflux of essential ions and nutrients to destroy microbe integrity. However, as
further described herein, certain mevubers of defensio proteins, including 8-defensius, also act
through modulation of host cell immune function. This inchudes cytokine related inflammatory

pathways such as TNF-«.

[0635] Defensing, Generally. Defensing are cationie, tridisulfide-containing antimicrobial

peptides that are produced by leukocytes and various epithelia. They are subdivided into the a-,
B-, 8-defensin subfamilics, which are distinguished by peptide size and different disulfide motifs,
in humans, four a-defensins (HNP-1 to HNP-4} have been isolated from neutrophils and two
enteric e-defensing (HD-5 and HD-6} are expressed by Paneth cells in crypts of the small
intestine, The expression of HI-5 has also been detected in the female urogenual tract. Three
human P-defensins (hBD-1 to hBD-3) have been isolated from epithelial and nonepithelial cell
types of various organs, and the expression of several others has been deduced by ¢cDNA analysis
or from analysis of the human genome. Numerous lines of evidence suggest that defensins
provide an antimicrobial effector function in skin, the respiratory opithelinm, the urogenital iract,
and various leukocoytes (i.¢., neutrophils, monocytes, and NK cells). Furthermore, defensins
activate cells involved in both the innate and the adaptive immune responses, suggesting that

they operate within and Hnk two branches of immunity.

18036] Macrecvelic 8-Defensins, O-detensins are cyclic octadecapeptides formed by the

posttransiational splicing of two nonapeptides derived from 76-amino-acid a-defensin-related
precursors.  Humans do not express 8-defensin peptides since the expression of 8-defensins
ceased near the time that orangatans emerged in evolution due to a nutation that introduced a

premature stop codon i the peptide precursor.

{8637} O-defensins can be bio-synthesized using head-to-tail splicing of two S-amino-acid
sequences derived from 8-defensin precursors, 8-defensins were first identified in nentrophils
and monocytes of the rhesus monkey, with a subsequent phylogenetic survey revealing the
existence of B-defensin genes n other Old World monkeys and two apes (the siamang and
orangutan}, but the existence of 8-defensins in Noew World monkeys or prosimians has not yet
been reported. Humans, chimpanzees, bonobos, and gorillas express §-defensin pseudogenes in

which the precursor mRNA contains a mutation producing a stop codon in the signal sequence,
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thus preventing translation of the 8-defensin precursor. Rhesus 8-defensin-1 (RTD-1) 15
produced from the heterodimernic splicing of two 8-defensin precursors, proRTD a and
proRT b, Homodimeric excision/ligation reactions involving proRTDa and proRTD b were
revealed by the isolation of RTD-2 and RTD-3, RTD-1, -2, and -3 have potent microbicidal
activitics against bacteria and fungi and have been known to possess antiviral activities against

human immunodeficiency virus type 1 (HEV-1) and herpes simplex virus (HSV),

{¢038] We have created synthetic 8-defensin designs based on the sequence of a natural 8-
defeusin that possess autibacterial and antiviral activities. In addiiim, O-defensing are reported to
bind and inactivate lethal toxin from Bacillus anihracis. 8-defensins are microbicidal in the
preseunce of physiological concentrations of salt, divalent cations, and serum. In countrast, the
antinicrobial activities of - and P-defensins are markedly reduced in the presence of salt and
divalent cations. Acyclic RTD-1 is inactive agaiust Sraphyviococcus aureus in physiologic saline,
whereas the natural cyclic form of the peptide retained potent killing activity under these
conditions. Those data mdicate that the cyclic backbone structure of 8-detensins confers salt
insensitivity, while providing a stable molecule capabie of rotaming potent biologically activity

under physiologically relevant conditions.

{¢039] Antimicrobial Activity of 8-Defensins. The archetypal 8-defensin peptide is rhesus 6-

defensin-1 (RTD-13, an 18-amino acid macrocyclic peptide (22}, As desceribed, the mature
peptide is produced by a unique process whereby two 9-amino acid peptides, dertved from
truncated o-defensin-like precursors, are spliced head-to-~tail to {form a macrocyclic molecule
stabilized by three disulfides (Fig. 1). The biosynthetic pathway that gives rise to the mature
macrocyclic 8-defensin is novel. Rhesus monkeys (22, 23, 25) and Olive baboons (9) express 3
and 4 8-defensin precursors, respectively, Each precursor donates a unigue nonapeptide that is
paired with an identical (homodimeric splicing) or different (heterodimeric splicing) nonapeptide
in all binary combinations. This enables the production of 6 unigue macaque 8-defensins and 10
baboon 8-defensins, The inventors have isolated all six of the predicted macague peptides (23)

and has isclated seven of those predicted in baboon (9},

{0048} Similar to other defensins, such as a-defensins, §-defensins are packaged in the primary

granules of macague and baboon neutrophils and are also expressed in monoeytes (23). As

10



10

[,
o

CA 02837858 2013-11-29
WO 2012/167077 PCT/US2012/040455

microbes are phagocytosed by neutrophils, monocytes, and macrophages, defensins are
mobilized to the phagosore where they participate in niracellular kiliing as mucrobicides. 8-
defensins are microbicidal at submicromolar concentrations against gram positive bacteria, fungi,
(9, 22, 25) and inhibit cellular uptake of HIV-1 (5, 6, 27, 28). Using a specific neutralizing
antibody, the inventors have demonstrated that 8-defensins are responsibie for the majority of the
gramule-derived antimicrobial activities of macaque noutrophils against 8. gureys, £. coli, and C.
atbicans invirro (23). Moreover, B-defensins were shown to be respousible for the supetior
killing activitics of macaque PMIN gramule extracts compared to extracts from human neutrophil
granules (23). During systemic inflaramation {e.g., sepsis) in humaus, a-defensins are released in
a directed and/or accidental fashion to the extraceliular space (2, 18). Baboon 8-defensins (22}
are similarly released into the serum of bacteremic amimals, Further, extracellular 8-defensing
appear to possess the capacity to modulate mflammation via anti~-inflammatory mechanisms that
are operative in specics ranging from rodents to humans, as further deseribed herein. Thus, 8-
defensins and peptides derived from the structure of 8-defensins, represent an umportant class of

immune function modulators,

{6041} TN¥-¢ and Inflammation. Tuamor nocrosts factor aipha ("TNF-¢”, also known as
cachexin or cachecting is a ¢ytokine involved in systemic inflammation and is a member of a

group of cytokines that stimulate the acute phase reaction.

{0042} TNF-a plays 2 key role 1n the regulation of immune cells, including induction of
apoptotic cell death, promotion of inflammation, inhibition of tumorigenesis and viral
replication. Given the wide ranging effects of TNF-g activity, it is unsurprising to find that
dysrogulation of TNF-u expression, production and signaling, has been tmplicated in a variety of
human diseases, including rheumatoid arthritis, Alzheimer’s disease, tuberculosis, Crohn’s

discase, among many others,

{0043} TNF-a signaling s first produced as a 26 kDa, 212-amino acid-long type [
iransmembrane protein that becomes inserted into the cell membrane during maturation. At the
cell surface, membrane-bound TNF-u (“pro-TNF-¢”"} is biologically active, and is able to induce
immune responses via juxiacrine intercellular sigonaling. However, pro-TNF-u can undergo a

proteolytic cleavage at its Ala76-Val77 amide bond by the metalloproteinase TNF-a converting
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enzyme (“TACE", also known as ADAMI17). From this membrane-integrated form, the soluble
17kDa extracetiular domain (ectodomain), commonly known as TNF-g, s released which is of

pivotal importance in paracrine signaling.

{0844] Generally, existing therapeutic strategies targeting TNF-a activity have focused on
providing antibodies against soluble and/or transmembrane bound forms of TNF-g to prevent
receptor binding, or creating soluble hybrid fusion receptors to neutralize circulating TNF-o
icvels, Diespite the important benefits of these therapeutic approaches, nearly 1/3 of patients do
not respond to any form of anti-TNF-o therapy, while several adverse effects have been reported,
including immunogenicity, infections, delayed hypersensitivity-type reactions and autoimmune

diseases such as drug-induced hupus and demyelimation.

{0045] TACE and Sheddase Activity. As described, a key step in TNF-g signaling activity is

liberation of the membrane bound form of the protein into a sohuble form of circulating TNF-q,
as catalyzed by TACE, a process known as “shedding”. TACE, a 70-kDa protein composed of
824 amino acids, belongs to the ADAM protein family of disintegrins and metalloproteinases (A
Disintegrin And Metalloproteinase). Members of the ADAM protein fanuly possess both
evolutionarily conserved siructures and functional capability of cleavage and release of a soluble
cctodomain from membrane-bound pro-proteins. Given TNF-¢’s role as a potent and pivotal
rmedator w the imflaromatory process, cyclic peptides that function as TACE wnhibitors would
offer a vital alternative to current anti-TNF-a agents, such as antibody or soluble receptor-based

compostiions.

10046] FPurther, TNF-a and TACE represent only two of several potential therapeutic targets for
cyclic peptide therapeutic activity, given the breadih and diversity of “shedding” activity across
several different proteins, and as implicated m many dilferent discase states and/or conditions.
TACE and other ADAM family molecules constitute most members of the larger family of
“sheddases”. However, other sheddases include members of the aspartic protease (BACE)
protein familics. Beyoond the breadth of sheddase types, the {unction of sheddase activily varies
from signaling activation via cleavage of a transmembrane protein receptor ectodomain {e.g.,
Her2), or following agonist binding to the receptor to allow the hiberated agomist to further

stimulate another receptor {e.g., EGFR). Due to this vital role in enabling and propagating
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signaling function, inhibition of sheddase activity provides an important therapeutic strategy to
open new therapeutic avenues, and also to potentiate efficacy of existing drug treatroents, For
example, ADAMI0 sheddase cleavage of Her2 leads to a Her2 fragment possessing constitutive
kinase activity with hgand-independent growth and survival signals to proliferating cells. The
deleterious effects of this process can be stymied through trastuzumab (berceptin administration
and inhibition of ADAM 10 sheddase activity (36, 31}, As aresult, eyelic peptides may be used
for limiting harmful cytokine activity as related to immune function, while opening up even
wider therapeutic opportunities for diseases such as cancer, or other diseases and/or conditions
involving sheddase dysfumetion, This aspect of 8-defeunsins, as possessing an endogenous
sheddase inhibitory activity, may account for a number of autoimnuume, inflammatory diseases
aud other disease conditions in human subjects, due to the loss of 8-defensin expression during
primate evolution, Thus, 8-defensins and cyclic peptides derived from the structure of various 8-
defensing, can be used as compatible therapeutics in human subjects afflicted with discase and

conditions associated with metalloproteinase dysregulation.

{6047} In various embodiments, the inventive subject matter provides cyclic peptides. In one
class of embodiments, the cyclic peptide 18 a defensin, analog or dertvative thereof. In another
class of embodiments, the cyclic peptide s an a~defensin, B-defensin, 8-defensin, analog or
derivative thereot. In another class of embodiments, the cyclic peptide is a 8-defensin, analog or

dertvative thereof,

{0648] In another class of embodiments, the 8-defensin is endogenously expressed in a primate.
in another class of embodiments, the 8-defensin is endogenously expressed in a rhesus monkey.
In another class of embodiments, the 8-defensin is RTD-{, RTD-2, RTD-3, RTD-4, RTD-5, or
RTD-6. In another class of embodiments, the 8-defensin is endogenously expressed in an olive
baboon. In another class of embodiments, the 8-defensin s BTD-1, BTD-2, BTD-3, BTD-4,
BTD-5, BTD-6, BTD-7, BTD-8, BTD-9 or BTD-10. In another class of embodiments, the 8-
defensin is endogenously expressed in a human. In another class of embodiments, the 8-defensin
is huran 8-defensin pseudogene (HTDyp). Inanother class of embodiments, the 8-defensio is

expressed in a siamang or orangutan.
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{6649} In another class of embodiments, the 8-defensin is tsolated from a mammal, In another
class of embodiments, the O-defensin s isolated from a privoate. In another class of
enrbodiments, the 8-defensin 19 isolated from a human.  In ancther class of embodiments, the ©-
defensin is purified from a biological sample obtained from a marnmal. In another class of
embodimeuts, the 8-defensin is purified from a biological sample obtained from a primate. In
another class of embodiments, the 8-defensin is purified from a biological sample obtained from

a human.

1065¢] In another class of embodiments, the cyclic peptide 16§, 9, 10, 11, 12, 13, 14, 15, 14, 17,
18, 19,20, 21, 22, 23, or 24 amino acids in length. In another class of embodiments, the cyclic
peptide is over 24 amino acids in length. Ina particalar embodiment, the cyclic peptide is 14
amino acids in longth, In another class of embodiments, the cyclic peptide contains at least 2
cysteine residues forming one disulfide bond. In another class of embodiments, the cyclic
peptide contains 4 cysteine residues forming 2 disulfide bonds. In another class of embodiments,
the cychic peptide contains 6 cysteine residues forming 3 disulfide bonds. In another class of
embodiments, the cyclic peptide includes a synthetic amino acid. In another class of
cmbodiments, the cyclic peptide has 4 net posttive charge. 1n another class of emabodimenis,
cyclic peptide may be encoded by a polynucicotide possessing less than about 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, B0%, 85% or more percentage identity to
SEQ.NO. 1L SEQ. NO. 2, SEGQ. NO. 3, SEQ. NO. 4, SEQ. NO. §, SEQ. NO. 6, and/or SEQ. NG,
7. One of ordinary skill in the art can establish percentage identity according to methods known
in the art, including establishing a comparison window between a reference sequence and a

second polynucleotide sequence, to establish the degree of percentage identity.

{8051} In another class of embodiments, the cyclic peptide modulates inflammation. In another
class of embodiments, the cyclic peptide modulates the activity of a cytokine and/or chemokine.
In another class of embodiments, the cyclic peptide modulates the activity of TNF-o. In another
class of embodiments, the cyclic peptide modulates the activity of TNF-u through competitive
inhibilion with a member of the disintegnin and metalloproteinase family. To another class of
embodiments, the member of the disintegrin and metalloproteinase fanuly is a sheddase. In
another class of embodiments, the sheddase is TACE. In another ciass of embodiments, the

sheddase is ADAM10. In another class of embodiments, the cyclic peptide is capable of
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modulating proteolytic enzyme activity. In another class of embodiments, the cyclic peptide is

capable of anti-microbial kiliing,

{6052] In various cmbodiments, the inventive subject matter provides methods of treating an
inflammatory disease and/or condition using a cyclic peptide including the steps of providing a
quantity of a cyclic peptide, administering the quantity of the cyclic peptide to a subject in need
of treatment for an inflammatory disease and/or condition, wherein the cyclic peptide is capable
of modulating inflammation, thereby treating the subject. In another class of embodiments, the
cyclic peptide is a 8-defensin, analog or derivative thereof, Tu another ¢lass of embodiments, the
8-detensin is RTD-1, RTD-2, RTD-3, RTD-4, RTD-35, RTD-6, BTD-1, BTD-2, BTD-3, BTD-4,
BTD-5, BTD-6, BTD-7, BTD-8, BTD-9 or BTD-14, In ancther class of embodiments, the cyelic
peptide is ¥, 9, 16, 11, 12,13, 14, 15, 16, 17, 18, 19, 24, 21, 22, 23, or 24 amino acids in length.
in another class of emboduments, the cyclic peptide is over 24 amino gcids n length, In another
class of embodiments, the cyclic peptide is 14 amino acids in length. In another class of
cmbodiments, the cyelic peptide contains at least 2 cysteine residues forming one disulfide bond.
i another class of ewobodiments, the cyclic peptide contains at least 4 cysteine residucs formung
two or more disulfide bonds. In another class of embodiments, the quantity of the cyclic peptide
advnnistered s a therapeuntically effective amount of the cyclic peptide. In another class of

embodiments, the subject is a mammal. In another class of embodiments, the subject is a human.

{0653} In various embodiments, the inflammatory discase and/or condition is acutc or chronic
nflammation or an autoimntune disease. In another class of embodiments, the inflammatory
disease and/or condition relates to the activity of a cytokine or chemokine In another class of
embodiments, the inflammatory discase and/or condition relates to the activity of TNF-¢. In
another class of embodiments, the inflammatory disease and/or condition is rheumatoid arthritis,
ankylosing spondylitis, inflammatory bowel discase, ulcerative colitis, autistic enterocolitis,
psoriasis, psoriatic arthritis, Crohn’s disease, Beheel's disease, lupus, hidradenitis suppurativa,
refractory asthma, colitis, dermatitis, diverticulitis, hepatitis, nephritis, Parkinson's disease,
Alzheimer’s disease, Huntingion's disease, congestive heart disease, atherosclerosis, uveitis, and

allergy.
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{6054} In various embodiments, the inventive subject matter further provides a method of
euhancing efficacy of a treatroent for an inflarmmatory disease and/or condition using a cyclic
peptide, including the steps of providing a quantity of a cyclic peptide, administering the quantity
ot the cyclhic peptide to a subject receiving treatmaent for an inflammatory discase and/or
condition, wherein the cyclic peptide is capable of enbancing the efficacy of the treatment for an
inflammatory disease and/or condition, thereby enhancing efficacy of the treatment. In another
class of embodiments, the cyclic peptide is administered simultaneously with a composition
capable of treating an inflammatory disease and/or condition. In another class of embodiments,
the cychic peptide is administered sequentially, before or after administration, of a composition
capable of treating an inflammatory disease and/or condition. In another class of embodiments,

the subject 15 a mamunal. In another ¢lass of embodiments, the subject 18 a human.

{6055} In various embodiments, the inventive subject matter further provides a method of
treating a discase and/or condition in a subject using a cyclic peptide. In another class of
cmbodiments, the discase and/or condition 18 canecr or a nourodegonerative disease. In various
embodiments, the inventive subject matter further provides a method of enhancing efficacy of a
treatmient for a disease and/or condition using a cyclic peptide. In another class of embodiments,
the cyclic peptide is administered simultancously with a composition capable of treating a
discasc and/or condition. In another class of embadiments, the cyclic peptide is administered
sequentially, betore or after admimstration, of a composition capable of treating a disease and/or
condition. In preferred embodiments the subject is a mammal, and in especially preferred

embodiments the subject 1s a human,

{6656} In various embodiments, the inventive subject matter further provides a pharmaceutical
composition. In another class of embodiments, the pharmaceutical composition comprises a
cyclic peptide and a pharmaceutically acceptable carrier. In another class of embodiments, the
cyclic peptide is a 8~defensin, analog or derivative thereof. In avother class of embodiments, the
8-defensin is RTD-1, RTD-2, RTD-3, RTD-4, RTD-5, RTD-6, BTD-1, BTD-2, BTD-3, BTD-4,
BTD-5, BTD-6, BTD-7, BTD-8, BTD-% or BTD-10. In another class of embodiments, the cyclhic
peptide is 8,9, 16, 11, 12, 13,14, 15, 16, 17, 1§, 19, 20, 21, 22, 23, or 24 amino acids in length.
In another class of embodiments, the cyclic peptide is 14 amino acids in length, In another class

of embodiments, the cyclic peptide is over 24 amino acids in length. In another class of
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In another class of embodiments, the cyclic peptide contains at least 4 cysteine residues forming
two or more disalfide bonds. In another class of embodiments, the cyclic peptide in the
pharmaceutical composition inchudes a therapeutically effective amount of the cyclin peptide. In
another class of embodiments, pharmaceutical composition comprises one or more cyclic

peptides and a pharmaceutically acceptable carrier,

{6657} In various embodiments, the inventive subject matter further provides a method of
manufacturing a cyclic peptide. In another class of embodiments, the method of manufacturing
includes the steps of providing one or more polynuclectides encoding a cyclic peptide,
expressing the one or more polynucieotides in a host cell, and extracting the cyclic peptide from
the host cell. In another class of embodiments, the method of manufacturing includes the steps
of expressing the one or more polynucleotides in a host cell, and extracting the cyelic peptide
from the host cell. In another class of embodiments, the one or more polynuciectides include
SEQ. NO. 1, 8EQ. NO, 2, and/or SEQ. NO. 3. In another class of cmbodiments, the one or more

polynucleotides include SEQ. NG, 4, SEQ. NQ. §, SEQ. NO. 6, and/or SHQ. NG. 7.

{6058} In another class of embodiments, the cyclic peptide 15 a 8-defensin, analog or dertvative
thereof, In another class of embodiments, the G-defensin s RYD-1, RTD-2, RT3, RTD-4,
RTD-5, RTD-6, BTD-1, BTD-2, BTD-3, BTD-4, BTD-5, BTD-6, BTD-7, BTD-8, BTD-9 or
BTD-10. {n another class of embodiments, the cyclic peptide 15 8, 9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, or 24 amino acids in length. Tn another class of embodiments, the
cyclic peptide is 14 amino acids in length. In another class of embodiments, the cyclic peptide
contains at least 2 cysteine residues forming one disulfide bond. In another class of
embodiments, the cyclic peptide contains at feast 4 cysteine residues forming two or more
disuifide bonds, In another embodiment, the method of manufacturing include the steps of
pepiide synthesis using hquid-phase synthesis or solid-phase synthesis, In another class of

embodiments, the solid-phase synthesis is Fmoc or BOC synthesis.

{6059} Manufacture of the compositions contemplated herein can be accomplished in any
suitable manner, inchuding for example using expression vectors. An ordinarily skilled person

can choose a suitable expression vector, and will recognize that there are enormous numbers of

17



10

L

30

CA 02837858 2013-11-29
WO 2012/167077 PCT/US2012/040455

choices. Many of these vectors use viral promoters. Many choices of cell lines are suitable for

the host cell, including for example, bacteria, yeast, insect cells, and plants,

EXAMPLES

Example § ~ Unigue properties of pleiotropic O-defensins and anti-inflommatory properiies,

0666] O-defensins kill £ coli cells by generating small pores in the cell envelope that mediates
their own uptake (24). In this study, the inventors made the remarkable discovery that, unlike
many o~ and B-defensius, 8-defensins are non-toxic to bost cells (24) and may be adrmnistered
by various routes to mice (29). In this regard, mice readily tolerate i.v. administration of at least
80 mg/kg doses of three dufferent 8-defensins, The inventors have also administered RTD-1 in
escalating 1.v. doses (3 mg/kg maximum]} to two adult chimpanzees. No clinical toxicity was
observed at any point and all clinical chemistry and hematologic laboratory values were within
normal limits following all injections. Neither animal produced an antibody to RTD-1, thereby
demonstrating a romarkable lack of toxicity and immmunogenicity across different mammalian
species. Based on these and other data, RTD-1 was tested for etficacy in a mouse model of
severe sopsis induced by cocal ligation and puncture (CLP) (12}, As shown in Fig. 2, a single
mjection of RTD-1 (5 mg/kg) markedly reduced death 1o BALB/c nace when the peptide was
administered 4 or 24 h agffer CLP surgery {(P< 0.01 at days 4 and 7). Survivors at day 7 were
normal clinically to day 15 at which time they were sacrificed. This therapeutic effect of 8-
defensins in CLP-sepsts was highly reproducible (N=5 experiments). However, the high degree
ot efficacy for 8-defonsins suggested that the efficacy of RTD-1 in this model was nor primanly
mediated by an antibiotic effect, since the microbiome in polymicrobial sepsis is enormous.
Rather, the potency of the demonstrated therapeutic effoct was believed to be further mediated
through an anti-inflammatory mechanism. To explore this possibility, the inventors conducted
additional experiments, wherein RTD-1 treatment of CLP mice was accompanied by marked
reductions 1o a wide variety of serum proinflammatory cytokines, including TNF-a, 1L-6, and

MIF.

{6061} Others studies have demounstrated that natural (10, 15) or designed (11} AMPs are
effective in rodent models of sepsis, In each case, the apparent protective mechanism was

binding of bacterial LPS by the peptide, thereby circumventing the interaction with host ceil
2 Y pet ¥ g
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proteins (LPS binding protein} or receptors (TLR-4, CD14). In this regard, nearly all AMPs
avalyzed bave beeun shown to bind and neutralize LPS, supporiing the conclusion that this is the

chief mechanism mediating their anti-sepsis activities {19).

{8062} However, 8-defensins are less effective in divectly neutralizing LPS, being 100-fold less
active than polymyxin B in neutralizing endotoxin. Rather, as discussed below, studies
demonstrate that 6-defensins possess several functional capabilities, including a primary means
of modulating inflammation by interactions with host cells, This finding is consistent with
earlier studies in which RTD-1 was evaluated for efficacy in a maouse model of SARS-
coronavirus (SARS-CoV} pneurnonitis (29}, In this study, the inventors discovered that
intranasal administration of RTD-1 was 100% effective in preventing death of virally-infocted
mice. Significantly, RTD-1 was not virucidal against SARS-CoV. However, peptide
administration reduced pulmonary inflarmmation and the expression of several pro-inflaramatory
cyvtokines, thereby suggesting that the therapeutic effect was mediated by the anti-inflammatory
properties of the RTD-1, Without being bound by any particular theory, the inventors” belict that
O-defensins modulate host responses to pro-inflammatory stimuli was confirmaed by further
experiments demonstrating that RTD-1 is therapeutically effective in pristane-induced arthritis in

the rat (Fig. 9; discussed below) and i collagen-induced arthritis.

Example 2 - RTD-1 activity is mediated through host cell interaction rather than
antimicrobial effect.

{6063} Scveral lines of data demonstrate that the archetypal 8-defensin, RTD-1, oxerts its anti-
inflammatory effects by interacting with host cells rather thas through an antimicrobial effect
{29). These findings led to further experiments evaluating the offect of RTDs on the production
of TNF-¢ by human whole blood stimulated with £, ¢oli ov 8. aureus, A representative
experiment, shown in Figure 4 (B & ), demonstrates that RTDs -5 (Fig. 4A) inhibit £, coli-
induced TNF-u release; note that even among different 8-defensins there is a notably different
inhibitory potency among them. Similar results were obtained in experiments with 5. aureus. In
countrol experimaents, the foventors discovered that unlike many other defensing, the 8-defonsins
do not interact directly with TNF-a protein, based on results demonstrating that the peptides do
not alter the ELISA standard curves and the immunoassay detects only active trimeric TNF-g.

Resuits of these and other experiments suggested that the protective effects of RTD-1 in CLP
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sepsis (Fig. 3} were due to immunomodulatory activities rather than an antimicrobial effect.
Following this result, the fuveuntors stimmulated human peripheral blood leskocyies (PBL) with
agonists for TLRs 1-9 for 4 h with or without simultancous addition of 10 pg/ml of RTD-1. As
shown in Fig. 5, co-incubation of PBLs with RTD-1 markedly reduced TNF-a release induced
by agonists for TLR 2, 4, 5, and 8. Furthermore, RTD-1 also inhibited release of 1L-18 and 11-6
stimulated by each agonist, and IL-8 was strongly inhibited in all inductions except in the
presence of the TLR2 agounist. RTD-1 had essentially no effect on unstimudated cells (Fig. 5,
upper left panel). The ettect of RTD-1 treatment on MCP-1 levels varied. The mventors
inchuded this chemokine i the analysis because o murine SARS pueumonitis, RTD-1 markedly
reduced pulmonary MCP-1 levels (29}, This is in agreement with the effect of RTD-1 on PBLs
stimnulated with viral ssRNA (Fig. 5,3, Finally, the inventors turther discovered that RTD-1
suppressed expression (>85% reduction} of IL-17A by human PBMCs stimulated ex vive with

enterotoxin-producing S. aurens m & dose dependent wanner.

Example 3 - Inhibition of TACE by 8-defensins

{0864} Since these results demongstrate 8-defensin-mediated inhibition of TNF-g induced by
bacteria (Fig. 4}, various TLR agonists (Fig. 5}, and that measured in animals (see above}, one
possible mechanism of action was that the activity of TNF-a converting enzyme niight be
antagonized by 8-defensins. This TNF-o converting enzyme (“TACE”, also known as
ADAMIT, a member of the ADAM (a disintegrin and metalloproteinase} family)}, 1s a sheddase
responsible for release of membrane bound TNF-a release. Surprisingly, the inventors found
that RTD-1 1s a potent inhibitor of recombinant TACE ((TACE) with an IC50 of ~0.1 pg/ml (48
nhd). Of note, neither human g-defensin (HNP-2, HNP-4) inhibited r TACE (Fig. 64}, making
the activity of 8-defensin unique among defensins, The relative mhibitory activitics of natural 8-
defensing (RTD 1-3; structures in Fig. 4A) were tested and found to vary over an ~ 10-fold range
of ICs values (Fig. 6B). Of note, the hierarchy of TACE inhibition by RTD 1-3 correlated well
with TNF-a whibition by the peptides in human blood (Fig. 4C). TACE inhibition by RTD-1
was 1ot enhanced by 15 min pre-incubation with TACE, a finding suggestive of rapid binding
aud competitive inhibitton. This was confirmed by double-reciprocal plot analysis of enzywe
kinetic data (Fig. 6C), indicating that RTD-1 acts as a pscudosubstrate for TACE. An open chain

analog of RTD-1 (8-7; Fig. 6D) was tested for TACE mhibition and was found to have less than
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268% of the activity of RTD-1 indicating that the cyclic conformation is required for effective

TACE inhibition {Fig. 6E).

{8065} Inhibition of TACE was further conlirmed n a cell-based assay. RTD-1 was shown to
inhibit TACE expressed on resting and LPS-stimulated THP-1 cells (Fig. 6F) using a
modification of the assay described by Alvarez-Iglesias er of. (13, The IC30 obtained for RTD-1
in the cell-based assays was ~15 pug/mi (7.4 uM). This compares favorably with the 1C50 of the
small molccule TACE inhibitor GM6001 (5.5 +/- 3 uM) in a study of TACE blockade on THP-1
cells (1),

Ezampie 4 - O-defensins inhibit ADAMIY

{#066] Various ADAMs have been implicated as regulatory sheddases that release membrane-
anchored growth factors, cytokines, and receptors (3). Because ADAMS are implicated in many
key biological processes, including the regulation of inflammation and cancer, the identification
of ADAM inhibitors is an intense arca of research. The tnventors established that natural 8-
defensins RTE 1-3 inhibit ADAMIO (Fig. 7 with approximately the same 1050 as observed
with the inhibition of TACE (sce Fig. 6). Thus, 8-defensins are metalloprotease inhibitors of at

feast two ADAMSs.

Example 5 - Anti-TNF-g and TACE inhibition by mini-O-defensins

{8867] Structure-activity analyses of natural and modified 8-defensius suggested certain
sequence features that predicted to mediate the anti-inflammatory effects of these peptides, As
an example, three tetradecapeptides (mini-8-defensing) were designed to contain features deemed
important for the anti-inflammatory properties of natural 8-defensins. These were incorporated
into the sequences of the peptides shown in Fig, 8A. Fach peptide was evaluated for its efficacy
in nnurine CLP sepsis.  As shown in Fig. 88, all three mini-8-defensins reduced lethality in mice
compared to the PBS sham treatment, The tnventors turther evaluated cach mini-8-defensin for
its effect on TNF-o release from stimulated human blood (Fig. 8C} and for its inhibitory activity
against TACE (Fig. 8D). As the data in Figure § show, the mini-8-defensins had similar or
superior activity to RTI»-1 in the CLP assay {compare to Fig. 3}, the TNF-u inhibiticn assay

{Fig. 8C), or the TACE inhibition assay (Fig. 8D.)
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{6068} Mature 8-defensin peptide RTD-1 1s a two-stranded beta-sheet that, like the ¢ and -
defeusins, 1s stabilized by three disulfides. However, the parallel orientation of the RTD-1
disulfide arrangement allows for substantial flexibility around its short axis. Unlike 2 o- and 8-
defensins, RTD-1 lacks an amphiphilic topology, and without being bound by any theory, this
angd other similar structural differences may account for the immune modulatory capabilities

unigue to 8-defensins,

Examuple & - Efficacy of O-defensin in rat pristane-induced arthritis (PIA)

{0669} I blockade of TNF-by 8-defensin in vive or ex vivo 1s central to the peptide’s anti-
inflammatory effects, the inventors belicved that it should modulate the course of a discase
known to be driven by TNF-a. The mventors proceeded to test the cttoct of RTD-1 on rats with
cstablished PIA. In a representative experument (N=3), adult Dark Agoutt (DA OlaHsd strain}
rats {N=21} were injected subcutancously with 0.3 mi pristane on day (& as described by Vingsbo
ef al. (26). Atthe first sign of chinical disease (14 ~ 21 days; based on the gross pathology scale
of Brand ez al., vef. {4), animals were alternately assigned to saline (N=10) or RTD-1 treatment
{(N=11} groups. Blinded administration of saline (0.2 - 4.25 mi} or RTD-1 (5 mg/kg in 0.2 -
0.25 mi saline) was performed by daily tail vein injection for up to 14 days unless arthritis
severity (scored blindly each day for up to 36 days by three observers) returned to zero carlier
{IN=1 in saline group; N=8 in RTD-1 group}. RTD-I-treated animals had statistically significant
(* = p< 0.05 by unpaired two-tatled Student T test) reduction of jomt pathology beginning at day
7; Fig. 9. Efficacy was also demonstrated in this model by subcutaneous injection of the same

RTD=1 dose and formulation. Afler cessation of treatment there was no evidence of disease

recurrence for at least 43 days.

Example 7 ~ §-defensin are hichly stable

{80761 The 8-defensin RTD-1 was incubated at a 50 pg/ml in human plasma, human serum, or
30myg/ml human serum altbumin for 72 hours at room temperature,  Quantitative HPLC analysis
was performed which showed that more than 95% of the peptide was unaltered under each of the
conditions tested. Moreover, 8-defensing are stable to prolonged storage under low (~pH 2.5} or

neutral (pH 7.4) conditions.
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{6671} In summary, 8-defensins possess anti-inflanmimatory properties that are mediated by the
blockade of promflammatory proteases such as TACE and other metallocnzymes. They are
effective in animal models of infectious and non-infections inflammatory disease, are well
tolerated when administered systemically, and are non-immunogenic, In addition, unlike other

anti-inflammatory agents, 8-defensins are non-immunosuppressive.

Diyug compositions, dosages, dosace forms and roufes of administration

{0072} The compositions according to the inventive subject matter may be administered using
various routes, including orally, parenterally, by inhalation, topically, rectally, nasally, or via an
implanted reservoir, wherein the term "parenteral” as used herein includes subcutaneous,
intravenous, intramuscular, intraarticular, intrasynovial, mtrathecal, intrahepatic, intralesional,
and intracranial administration (typically injection or infusion). Preferably, the compositions are

administered orally, subcutaneously, miraperitoneally, or mtravenously.

{8073} For example, sterile injectable forms of contemplated compounds may be aqueous
solutions or oleaginous suspensions. These suspensiouns may be formulated according to
techmigues known in the art using suitable dispersing or wetting agents and suspending agents.
The sterile injectable preparation may also be prepared as a sterile injectable solution or
suspension in a non-toxic parenterally acceptable diluent or selvent, for example as a solution in
1.3-butanediol. Among other acceptable vehicles and solvents, especially contemplated liguids
inchide water, Ringer's solution, and isotonic sodium chloride solution. In addition, sterile, fixed
oils may be employed as a co-solvent or suspending medium (e.g., natural or synthetic mono- or
diglycerides). Fatty acids may also be used, and suitable fatly acids include oleic acid and ils
glyceride dertvatives, olive oil, castor oil, especially in their polyoxyethylated versions. Such oil

solutions or suspensions may further contain a long-chaiv alcobol dilueut or dispersant.

{0074} In another exampie, contemplated compounds may be orally administered in any orally
acceptable dosage form, including capsules, tablets, aqueous suspensions, or solutions. In the
case of tablets for oral use, all pharmaceutically acceptable carriers (¢.g., lactose, corn starch,
ete) are deemed suitable. Similarly, various lubricating agents may be added (e.g., magnesium
stearate}. For oral administration in a capsule form, useful diluents include lactose and dried com

starch. When aqueous suspensions are tequured for oral use, the active ingredicut is combined
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witl emulsifying and suspending agents. If desired, certain sweetening, flavoring or coloring

agents may also be added.

{6075} It is contemplated that the pharmaccutical compositions of the inventive subject matter
could be administered topically, especially when the target of treatment includes areas or organs
readily accessible by topical application, including diseases of the ¢ye, the skin, the lower
intestinal tract, or areas exposed during surgical intervention. There are numerous topical

fornwulations known in the art, and all of such formulations are deemed suitable for use herein.

{6876} For topical applications, contemplated compositions may be formulated in a suitable
ointment containing the active component suspended or dissolved in one or more carriers.
Carriers for topical administration of the compounds of the inventive subject matter include
mineral oil, higuid petrolatum, white petrolatum, propylene glyeol, polyoxyethylene,
polyoxypropylene compound, enulsifving wax and water. Alternatively, the pharmaceutical
compositions can be formulated in a suttable lotion or cream containing the active components
suspended or dissolved in one or more pharmaceutically acceptable carriers. Suitable carriers
include mineral oil, sorbitan monostearate, polysorbate 60, cotyl csters wax, cctearyl alcohol, 2-

octyldodecanol, beneyl aleohol and water,

{6877} Pharmacoutical compositions according to the maveutive subject matier may also be
administered by nasal acrose! or inhalation. Such compositions are prepared according to
technigaoes well-known in the art of pharmaceutical formulation and may be prepared as
solutions in saline, employing benzyl alcohol or other suitable preservatives, absorption
promoters to enhance bicavailability, fluorocarbons, and/or other conventional solubilizing or

dispersing agents.

{6878} With respect to the amount of contemplated compounds in the composition, it should be
recognized that the particular quantity will typically depend on the specific formulation, active
ingredient, and desired purpose. Therefore, it should be recognized that the amount of
contemplated compounds will vary significantly. However, it is gencrally preferred that the

compounds are present in a nunimum amount effective to deliver a therapeutic effect and/or to

be visualized in vifro and/or in vive.
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{6079} Thus, in most preferred liquid formulations, contemplated compounds will be present in
an amount of between about 20 mg/ml to about 30 mg/mi, ruore typically 1o an amouunt of
between about 24 mg/ml to about 26 mg/ml, and most about 25 mg/mi. Where the formulation
is a solid or a gel, contemplated compounds will be present in an amount of between about 1
mg/g to about 100 mg/g. With respect to a dosage unit, it is generally contemplated that
contemplated compounds are administered at a dosage etfective to achieve g desired therapeutic

effect or at a dosage effective to provide visualization in vitro and/or in vive.

{3080} For both hursan and von-human wammals, suttable dosing of contemplated compounds

should be the range of about 1-10 mg/kg.

{0081} In the reatment and/or prophylaxis of inflammatory discases, it is gencrally preferred
that the compounds or compositions according to the inventive subject matter are formulated in a
pharmaceutically acceptable manner. Suitable formulations will preferably include liquid
preparations for injection into the anterior and/or posterior charaber of the eye, or for injection
into the semicircular canals, cochlea, and/or bony labyrinth of the temporal bone. Alternatively,
or additionally, implantable carricrs {e.g., biodegradable/dissolving) may be formulated such that
the carrier comprises therapeutically effective amounts of the compound or composition, and that
the carrier can relcase the compound or composition in a controllied and predetermined manner.
Among other suitable carriers, the release may be time~dependent and/or inihated by irradiation

with light of one or more wavelengths.

{0082} it 1s contemplated that pharmaceutical compositions according to the inventive subject
matter comprise at least one of contemplated compounds {e.g., one or more of RTD-1-27, RTD-
1-28 and RTD-1-29} together with a pharmaceutically acceptable carrier. Depending on the
particular use, it should be recognized that formulation, route, and/or adnunistration schedule
may vary considerably, and it is generally contemplated that the specific formulation, route,

and/or administration is not limiting to the inventive subject matier.

{0083 It should be appreciated, however, that the administered dose of the pharmaceutical
composttion will vary cousiderably, and a particular dose will at least in part depend on (a) the
amount of active ingredient which is effective to achieve a desired therapeutic response, (b) the

formulation of contemplated compounds, {¢) the route of adminisiration, {d) the pharmacokinetic
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and pharmacodynamic property of the particular compound, and (e} other factors, including age,
sex, weight, general health, and prior medical history of the patient being treated. A person of
ordinary skill in the art can readily determine and prescribe the effective amount of the
pharmaceutical composition required. For example, a physician could start dosing a paticnt at
levels lower than normally required for a desired therapeutic effect and then increase the dosage

unti the desired effoct is achioved.

{G084] It is generally contemplated that the compounds according to the inventive subject matter
may be prepared in 8 formulation for parenteral use, and especially contemplated parenteral
formulations will be liguid formmlations for injection. Therefore, appropriate formulations will
generally include a pharmaceutically acceptable solvent {e.g., sterile 1sotonic agueous or non-
aqueous solution}, and may be prepared as a dispersion, suspension, or emulsion. Alternatively,
parenteral formulations may also be provided as a kit that includes contemplated compounds and
other components that may be reconstituted to a liquid product prior to use. In still further
conteraplated aspects, the compounds according to the inventive subject matter may also bo
administered as recorabinant vucleic acid in a manner that allows expression of the compound mn
a host cell. For example, recombinant nucleic acids may be provided to the target tissue via
adenoviral vectors, trausfection using lipids or liposomes, electroporation, or other manuners well

known in the art.

{0085 Examples of suitable aqueous and non-aquecus carriers which may be employed in the
pharmaceutical compositions include water, ethanol, polyols {e.g., glycerol, propylene glycol,
polyethyvlene glycol, ete. ), and suitable mixtures thereof, vegetable oils, and injectable organic
esters, such as cthyl oleate. Proper fluidity can 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. Most typically, suitable fluids are sterile and buffere
to maintain a pH appropriate for stability of the active ingredient and site of injection or other

Uuse.

{6086} Contemplated compounds may be prepared as pharmaceutically acceptable salt(sy, which
especially include salts of acidic or busic groups which may be present in the contemplated

compounds. FPor example, contermplated compounds that are basic in nature may form a wide
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variety of salts with various inorganic and organic acids, Suitable acids will provide
pharmacologically acceptable amous, including chioride, bromide, iodide, uitrate, sulfate,
bisulfate, phosphate, acid phosphate, isonicotinate, acetate, lactate, salicylate, citrate, acid citrate,
tartrate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumaraie, gluconate,
glucaronate, saccharate, formate, benzoate, glutamate, methanesulfonate, ethancesulfonate,
benzencsulfonate, p-toluenesulfonate, and pamoate [ 1,17 -methylenc-bis-(2-hydroxy-3-
naphthoate)] anions. Stmilarly, compounds that are acidic in nature may form base salts with
various pharmacologically acceptable cations, and especially suitable cations inchude alkali metal

or alkaline carth metal ions {e.g., sodium and potassiom cations).

{6087} It 1s still further especially conteruplated that compounds according to the inventive
subject matter may also be prepared as prodrugs, and all known manners and types of prodrugs
are considered suitable for use herein, so long as such prodrug will increase the concentration of

the drug (or metabolite of the prodrug) at a target organ or target cell.

{0048} For example, where the compounds have a free amino, amids, hydroxy, thic, or
carboxylic group, it is contomplated that such groups can be cmployed to covalently and
releasably bind a moicty that converts the drug mto a prodrug. Therefore, prodrugs particularly
inclade those 1n which contemplated compounds forms an ester, amide, or disultide bond with
auother cleavable moiety. Such woietics may assist in organ or cell-specific delivery of the drug,
For instance, a carboxyl group can be derivatized to form an amide or alkyl ester, which may
include an ether, anmine-, and/or carboxylic acid group. Free hydroxy groups may be derivatized
using hemisuccinates, phosphate esters, dimethylaminoacetates, and
phosphorvioxymethyloxycarbonyls, as outlined in D. Fleisher, R. Bong, B. H. Stewart,
Advanced Drug Delivery 40 Reviews (1996} 19, 115, Carbamate prodrugs of hydroxy and amino
groups are also included, as are carbonate prodrugs and sulfate esters of hydroxy groups.
Derivatization of hydroxy groups as (acyloxyymethyl and (acyloxy)ethylethers, wherein the acyl
group may be an alkyl ester {optionally substituted), or where the acyl group is an amino acid
gster are also contemplated (Prodrugs of this type are described in R, P, Robinson et al,, .

Medicinal Chemistry (1996) 39:p.10).
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{6089} Sull further, it should also be recognized that contemplated compounds may be
metabolized 1u a cell or extracellular corupartment, aund that such metabolites roay exhibit the
same or different pharmacological effect. For example, contemplated compounds may be
phosphorvlated and thus be more active than the parent compound. On the other hand, reduction
or glycosylation may affect bioavailability of contemplated compounds. Consequently,
contemplated compounds will not only include those as described above, but also include

meitabolites thereof

MisceHancous

{¢898] The various methods and technigues described above provide a number of ways to carry
out methods relating to the inventive subject matter. Of course, 1t 18 to be understood that not
necessarily all objectives or advantages described may be achieved in accordance with any
particular cmbodiment described herein. Thus, for example, those skilled in the art will
recognize that the methods can be performed in a manner that achioves or optimizes one
advantage or group of advantages as taught herein without necessarily achieving other objectives
or advantages as may be taught or suggested herein. A variety of advantageous and
disadvantageous alternatives are mentioned herein. It is to be understood that some preferred
embodiments specitically include one, another, or several advantageous features, while others
specifically exclude one, another, or several disadvantageous features, while still others
specifically mitigate a present disadvantageous feature by inclusion of one, another, or several

advantageous {eatures,

{0691} Furthermore, the skilled artisan will recogoize the applicability of various {eatures from
different embodiments. Similarly, the various elements, features and steps discussed above, as
well as other known equivalents for each such element, feature or step, can be mixed and
matched by one of ordinary skill in this art to perform methods in accordance with principles
described herein. Among the various eloments, teatures, and steps some will be specifically

included and others specifically excluded in diverse embodiments.

{0692} Although the inventive subject matter has been disclosed in the context of certain
embodiments and exampiles, it will be understood by those skilled in the art that the

embodiments of the tnventive subject watter extend bevond the specifically disclosed
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embodiments to other aliernative embodiments and/or uses and modifications and equivalents

thereof,

[0693] Many vanations and alternative clements have been disclosed in embodiments of the
inventive subject matter. Still Awrther variations and alternate elements will be apparent to one of
skill 1n the art. Among these variations, without imitation, are the sources of cyclic peptides,
inchuding 8-defensin, methods of preparing, isolating, or purifying 8-defensins, analogs and
derivatives thereof, methods of treating various disease and/or conditions using §-defensins,
avalogs and derivatives thereof, technigues and composition and use of sehutions used therein,
and the particular use of the products created through the teachings herein. Various

embodiments can specifically include or exclude any of these variations or elements,

{0094} In some cmbodiments, the nurmbers cxpressing quantities of ingredients, properties such
as concentration, reaction conditions, and so forth, used to describe and claim certain
embodiments are 10 be understood as being modified 1n some instances by the term “gbout.”
Accordingly, in some embodiments, the numerical parameters set forth in the written description
and attached claims are approximations that can vary depending upon the desired proporties
sought to be obtained by a particular embodiment, In some embodiments, the numerical
parameters should be construed in light of the number of reported significant digits and by
applving ordinary rounding techmques. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of some embodiments are approximations, the
numerical values set forth in the specific exampies are reported as precisely as practicable. The
numerical values presented in some embodiments may contain certain errors necessarily

resulting from the standard deviation found in their respective testing measurements.
= taed

{8695} As used in the description herein and throughout the claims that follow, the meaning of

(-;q %

a,” “an,” and “the” includes plural reference unless the context clearly dictates otherwise. Also,

as used in the description hercin, the meaning of “in” includes “in” and “on” unless the context

clearly dictates otherwise.

{0896] The recitation of ranges of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value {alling within the range. Unless

otherwise indicated herein, each individual value is incorporated into the specification as 11t
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were individually recited hercin, All methods described herein can be performed in any suitable
order unless otherwise indicated herein or otherwise clearly contradicted by context, The use of
any and all examples, or exemplary language (e.g. “such as”) provided with respect to certain
embodiments herein is intended merely to better illuminate the inventive subject matter, and does
not pose a limitation on the scope of the claimed inventions. No language in the specification
should be construed as indicating any non-claimed element essential to the practice of the

clairned inventions.

10097] Groupings of alternative clements or embodiments of the inventive subject matier
disclosed herein are not to be construed as limitations. Each group member can be referred to
and claimed individually or in any combination with other members of the group ot other
elements found herein. One or more members of a group can be inchuded in, or deleted from, a
group for reasons of convenience and/or patentability. When any such inclusion or deletion
occurs, the specification is herein deemed to contain the group as modified thus fulfilling the

writien description of all Markush groups used in the appended claims.

10098] Proferred embodiments of this inventive subject matter are described herein, mchuding
the best mode known to the inventors for carrying out the claimed inventions. Variations on
those preferred embodiments will become apparent to those of ordinary skill in the art upon
reading the foregoing description. Tt is contemplated that skilled artisans can employ such
variations as appropriate, and the claimed inventions can be practiced otherwise than specifically
described herein. Accordingly, the claimed inventions are to be interpreted as including all
medifications and equivalents of the recited subject matter as permitted by applicable law.
Moreover, any combination of the above-described clements in all possible variations thoreof 1s
encompassed by the corresponding claimed inventions unless otherwise indicated herein or

otherwise clearly contradicted by context.

18099] Furthermore, numerous references have been made to patents and printed publications

throughout this specification.

1601006] It is to be understood that the embodiments disclosed herein are ithustrative of the

principles of the inventive subject matter. Thus, by way of example, but not of limitation,
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alternative configurations of the inventive subject matter can be utilized in accordance with the
teachings herein. Accordingly, embodiments of the fuveutive subject matier are not limtted to

that precisely as shown and described.
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‘What is claimed is:

1. Use of a B-defensin or 6-defensin analog selected to inhibit TNF-a converting enzyme
(TACE) activity, in the preparation of a medicament for treating a disease, wherein the
disease is theumatoid arthritis, inflammatory bowel disease, Alzheimer's disease or
osteoarthritis, wherein the 6-defensin or 6-defensin analog is provided in an amount effective
to inhibit TACE activity.

2. Use of a 0-defensin or 0-defensin analog selected to inhibit TNF-a converting enzyme
(TACE) activity, for treating a disease, wherein the disease is theumatoid arthritis,
inflammatory bowel disease, Alzheimer's disease or osteoarthritis, wherein the 0-defensin or

6-defensin analog is provided in an amount effective to inhibit TACE activity.

3. The use of claim 1 or 2, wherein the 6-defensin analog is RTD-1-27, RTD-1-28, or RTD-1-
29.

4. The use of claim 1 or 2, wherein the 0-defensin is RTD-1.
5. The use of any one of claims 1 to 4, wherein TACE is a sheddase.

6. The use of any one of claims 1 to 5, wherein the disease is non-responsive to an anti-TNF-

o, treatment.

7. A method of manufacturing a medicament for administration to an animal to treat disease,
wherein the discase is theumatoid arthritis, inflammatory bowel disease, Alzheimer's disease
or osteoarthritis, wherein the medicament includes a 6-defensin or 6-defensin analog selected
to inhibit TNF-a converting enzyme (T ACE) activity, in an amount effective to inhibit TACE

activity.

8. The method of claim 7, wherein the medicament includes at least one of RTD-1, RTD-1-
27, RTD-1-28, and RTD-1-29.

9. The method of claim 7 or 8, wherein the medicament is effective to produce a clinically

relevant inhibition of a sheddase.

10. A 6-defensin or 6-defensin analog selected to inhibit TNF-a converting enzyme (TACE)

activity, for treating a disease, wherein the disease is theumatoid arthritis, inflammatory
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bowel disease, Alzheimer's disease or osteoarthritis, wherein the 0-defensin or 0-defensin

analog is in an amount effective to inhibit TACE activity.

11. The 0-defensin or 0-defensin analog of claim 10, wherein the 0-defensin analog is RTD-

1-27, RTD-1-28, or RTD-1-29.
12. The 0-defensin or 8-defensin analog of claim 10, wherein the 6-defensin is RTD-1.

13. The 0-defensin or 0-defensin analog of any one of claims 10 to 12, wherein TACE is a

sheddase.

14. The 0-defensin or 0-defensin analog of any one of claims 10 to 13, wherein the disease is

non-responsive to an anti-TNF-q, treatment.

15. Use of a 6-defensin or 6-defensin analog selected to inhibit TNF-o converting enzyme
(TACE) activity, in the preparation of a medicament for treating cancer, wherein the 0-

defensin or 6-defensin analog is provided in an amount effective to inhibit TACE activity.

16. Use of a 0-defensin or 0-defensin analog selected to inhibit TNF-a converting enzyme
(TACE) activity, for treating cancer, wherein the 6-defensin or 6-defensin analog is provided

in an amount effective to inhibit TACE activity.

17. A 6-defensin or 6-defensin analog selected to inhibit TNF-a converting enzyme (TACE)
activity, for treating cancer, wherein the 0-defensin or 0-defensin analog is provided in an

amount effective to inhibit TACE activity.

18. Use of a 0-defensin or 0-defensin analog selected to inhibit TNF-a converting enzyme
(TACE) activity, in the preparation of a medicament for treating a neurodegenerative disease,
wherein the 6-defensin or 8-defensin analog is provided in an amount effective to inhibit

TACE activity.

19. Use of a 0-defensin or O-defensin analog selected to inhibit TNF-a converting enzyme
(TACE) activity, for treating a neurodegenerative disease, wherein the 6-defensin or 6-

defensin analog is provided in an amount effective to inhibit TACE activity.

20. A 0-defensin or 0-defensin analog selected to inhibit TNF-a converting enzyme (TACE)
activity, for treating a neurodegenerative disease, wherein the 6-defensin or 6-defensin analog

is provided in an amount effective to inhibit TACE activity.
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