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HYDROCHLORIDE SALTS OF CS5A RECEPTOR AGONINT PEPTIDES

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims the prionty benefit of U.S. Provisional Patent Application
Sertal No. 62/518,335, filed June 12, 2017, entitied HYDROCHLORIDE SALTS OF C5A
RECEPTOR AGONIST PEPTIDES, incorporated by reference in s entirety herein

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with government support under 1R41AI94710-01 and
IROTATII25137-01 awarded by the National Institutes of Allergy and Infectious Diseases. The

government has certatn rights 1n the mvention.

SEQUENCE LISTING
The tollowing application contains a sequence listing in computer readable tormat (CRF),
submitted as a text file in ASCI format entitled "Sequence Listing 49770-PCT" created on June

11, 2018, as 8 KB. The content of the CRF 1s hereby incorporated by reference.

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to HCE salt forms of bioactive peptides, and particularly

response selective C-terminal analogs of Cla.

Description of Related Art

The blood complement {C) plays an important role 1n host defense to foreign substances.
individuals that are deficient in certain € components often suifer recurrent and sometimes fatal
infections. Activation of the € systern results 1o the production of the anaphylatoxing, C3a and
{CS5a. These fragments are biologically active cleavage products of the larger  proteins €3 and
C5, respectively. C5a 1s a short (74 residues in human) glycoprotein that is generated by
enzymatic cleavage ot 5.

(C5a 1s recognized as a principal mediator of local and systemic inflammatory responses
because of 115 ability to activate and recruit neutrophils, induce spasmogenesis, increase vascular
permeability and stimulate the release of secondary inflammatory mediators from a variety of
cell types (e.g., leukocytes and macrophages). C3a also plays a role in the modulation of 1nnate
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and acquired immune responses because of is ability to engage and activate antigen presenting
cells (APCs) to induce, directly or indirectly, the synthesis and release of the cytokines such as
interfeukin-1 (IL-1), interieuken-6 (IL-0), interleukin-8 (IL-8), interleuckin-12 (IL-12), and
tumor necrosts factor-o (ITNF-a) and enhance the antigen processing and presentation capacity of
these APCs. These inflammatory and immunomodulatory activities are believed to be expressed
via a transmembrane, G-protein-mediated signal transduction mechanism when the C5a ligand
interacts with its receptor(s) expressed on the surface of certain circulating and tissue cell types.
The pro-inflammatory activities of CSa may be classified mio two broad categories. The first
category of activity (class 1} i1s generally associated with the release of histamines and other
secondary mediators {e.¢., vasoconstrictor and vasodilator eicosanoids). These activities of C5a
atfect many systems, and are associated with the phenomena of spasmogenesis and certain cell
ageregatory activities {¢.g., platelet aggregation). The second category of activity (class 2}
ivolves recrutbment and activation of neutrophils and subsequent etfects of such neutrophil
accumulation and activation, such as increased vascular permeability, release of cytokines and
other pro-intflammatory responses. Because of its pro-mflammatory activity, C5a has been
implicated as a pathogenic factor in the expression of certain inflammatory disorders, such as
rheumatold arthrifis, adult respiratory distress syndrome, gingivifis, and the tissue damage
associated with atherosclerosis and myocardial infarction. Consequently, considerabie research
efforts have been expended in developing specific C5a antagonists for use as anti-inflammatory
agents 1u the treatment of these diseases. However, most hiterature relating to C5a receptor
agonists and antagonists fail to differentiate between CSa receptors on Cha receptor-bearing
macrophages and C5a receptors on 53 receptor-bearning granulocytes. Thus, there has been
little apprectation in the art for selectively binding/activation of one type of {5a receptor over
another.

V.S, Pat. Nos. 5,696,230 and 5,942 599 describe a contormational characterization of -
termunal peptide analogs of human C3a. U.S. Pat. No. 6,321,517 describes compositions and
methods tor delivering specific antigens to APCs via the unique C5aR that 1s expressed on these
APCs that differs from the C5aR expressed on inflammatory granulocytes. Co-pending US.
2012/0314839, filed Nov. 30, 2012 and U.S. 2015/0297668, fiied June 29, 2011, demonstrate
advantages of selectively binding C5a receptor-bearing APCs, but not binding C5a receptor-
bearing neutrophils. Each of the foregoimg patents and pending applications 1s mcorporated by

reference in its entirety herein except to the extent inconsistent with the present disclosure
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SUMMARY OF THE INVENTION

The present invention 13 broadly concerned with hydrochioride (HCL) salt forms of
bioactive peptides, and particularly C-terminal analogs of C5a. An exemplary C-terminal analog
of CS5a designated as EP67 (SEQ ID NG:2), has been demonstrated as an ettective selective
agonist for CSa receptor-bearing APCs. According to convention, uppercase letters designate the
L sterecisomeric form and lower case the D stereorsomeric form of the amino acids; (Mel.)
corresponds to N-methyl leucine. EPO7 and related analogues possess potent immune-enhancing
properties. EP67 1s described 1n detail in US. 2012/0314339, filed Nov. 30, 2012 and U.S.
2015/0297668, filed June 29, 2011, incorporated by reference herein. The biologicaily
compatible HCI salt form of the bioactive peptide EP67 displays enhanced efficacy and quicker
acquisition o maximum potency than the trifluoroacetate (TF A} and acetate sali torms. HCI salt
forms of contormationally-stable analogs of EP67 are also contemplated herein.  These
conformationaliy-stable peptides comprise, consist essentially, or consist of the formula:

Tyr-Ser-Phe-Lys-Asp-Met-Xaa-( Xaa2}-{(D-Ala)-Arg (SEQ 1D NO: 1,

wherein Xaa 18 a modified proline residue or a residue substitution for proline, and XaaZ 1s
leucine or N-methyl leucine. The modified proline residue, when used, is one that lacks the
cis/trans 1somerization of unmodified proline.  Advantageously, these peptides have a fixed
contormation and selective C5a receptor binding activity. Such conformationally-stable analogs
of EP67 are described n detail in co-pending WO 2016/0145365, filed March 11, 2016, and the
detaus of such analogs are 1ncorporated by reference herein tn their entirety. Unlike the naturally
flexable CSa structure, these peptide analogs are modified to be constrained in a rigid (specific)
conformation, contributing to their specificity for CSaR-beanng APCs. Moreover, because

cis/trans isomerization is avoided, the inventive peptides are even more constrained in terms of

their 3-dimensional binding structure than EP67.

According to one or more embodiments of the invention, exemplary peptide analogs
include EPO7 (where Xaa 1s P and XaaZ 1s Mel, SEQ 1D NO:2), EP144 (where Xaa 1s 2-
aminoisobutyric acid and Xaa2 s Mel, SEQ D NGO:3), or EP145 (where Xaa ts 5,5-
dimethviproline and XaaZ 15 Mel, SEQ ID NO:4), which are depicted 1n Fig. 1. OGther possible
residue substitutions tor the proling restidue w EP7 are shown i Fig. 2, including 2-
aminoadamantane-2-carboxylic acid, Z-azabicyclo[2.1.1thexane-1-carboxvlic acid, octahydro-
| H-indole-2-carboxylic acid, 2-azaspiro[3 .3 lhepane-6-carboxylic acid, pipernidine-4-carboxylic
acid, and L-cyclohexylalanine. Further residue substitutions for the proline residue in EP67 are
shown in Fig. 3, including pipecolic acid, 2-azetidinecarboxvlic acid, among others shown.

-
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In one or more embodiments, exemplary replacement residues for the proline residue of
EP67 (Xaa) mnclude alanine; leucine; isoleucine;, N-methylalanine; Z-aminoisobutyric acid; 3-
aminoisobutyric acid; N-methylisoleucine; singly-substituted proline analogs at the 2, 3, 4,
and/or 5 positions of the pyrrolidine side chain; doubly- substituted proline analogs at the 2, 3, 4,
and/or 5 positions of the pyrrolidine side chain, pseudoproline analogs: cysteine-derived
thiazolidine, serine-derived oxazolidine, or threonine -derived oxazolidine; trifluoromethylated
pseudoprolines; proline analog or homolog having a constrained conformation;
trifluoromethylated azetidine 2-carboxylic acid; tnfluoromethylated homoserine, oxetanyl-
containing peptidomimetic, N-aminoimidazolidin-Z-one analog; and nonchiral pipecolic acid
analogs. Exemplary singly- or doubly-substituted substituted proline analogs include 5,57-
dimethylproline, 2,4-methano-3-proline, or 2,5-ethano--proline. Exemplary senune / threoning /

cysteine-derived pseudoproline analogs are selected from the group consisting of:

\\\\R
O . S
\ on " >< o R
N R = OH OH
O H O H H
O O

where R and R™ = H or CHs. Exemplary nonchiral pipecolic acid analogs are selected from the

group consisting of’

A A

COOR COOH COOH Exemplary N-aminoimidazolidin-2-
one analogs are selected from the group consisting of N-amino-imidazolidinone, o-amino-y-
lactam, and an azapeptide.

Additional C-ternunal analogs of C5a are also contemplated herein, inciuding those
comprising, consisting essentially, or consisting of the formula;
Al-Ser-Phe-Lys-AZ2-A3-A4-A5-A6-A7 (SEQ 1D NO:5)

wherein: Al 18 Tyr, Trp, or N-acetyi derivatives of Tyr or Trp;, AZ 15 Asp, Gly, Pro or N-methyl
dertvatives of Asp or Gly; A3 1s Ala, Cys, Leu, Met or N-methyl derivatives of Ala, Cys, Leu or
Met; A4 1s Gin, Leu, Pro or N-methyl denivatives of Gin or Leu; A5 1s Pro, Leu, a~-methyl Leu or

N-methyl Leu; A6 1s B-Ala, Gly, D-Pro, aminoisobutyric acid (Aib} or N-methyl derivatives ot
D-Ala or Gly; and A7 15 Arg or N-methyl Arg; such as peptides selected from the group

4.
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consisting of;
Tyr-Ser-Phe-Lys-Pro-Met-Pro-Leu-(D-Ala}-Arg (SEQ 1D NO:6),
Tyr-Ser-Phe-Lys-Asp-Ala-Pro-Leu-{D-Ala)-Arg (SEQ ID NO:7);
Tyr-Ser-Phe-Lys-Asp-Met-Pro-Leu-(D-Ala)-Arg (SEQ 1D NO:8),
Tyr-Ser-Phe-Lys-Asp-Met-Pro-Leu-Gly-Arg (SEQ ID NO:9);
Tyr-Ser-Phe-Lys-Asp-Ala-Pro-Leu-Gly-Arg (SEQ 1D NQO:10);
Tyr-Ser-Phe-Lys-Asp-Cys-Pro-Leu-Gly-Arg (SEQ 1D NO:11};
Tyr-Ser-Phe-Lys-Asp-Met-Pro-Leu~(D-Pro)-Arg (SEQ 1D NGO 12);
Tyr-Ser-Phe-Lys-Asp-Met-Gin-Leu-(D-Ala)-Arg (SEQ 1 NG 133
Tyr-Ser-Phe-Lys-Asp-Met-Gin-Leu-Gly-Arg (SEQ ID NO:14);
Tyr-Ser-Phe-Lys-Asp-Met-Gin-Pro-Gly-Arg (8EQ 1D NG:15);
Tyr-Ser-Phe-Lys-Asp-Met-Pro-Leu-Aib-Arg (SEQ ID NO:16);
Tyr-Ser-Phe-Lys-Gly-Met-Pro-Leu-Gly-Arg (SEQ D NG 17); and
Tyr-Ser-Phe-Lys-Gly-Leu-Leu-Leu-Gly-Arg (8EQ ID NO:18).

embodiments of the mvention selectively elicit an immune response. In particular, the HCI salt
torm of the peptide analogs selectively binds and activates APCs without directly
engaging/binding C5a receptor-bearing cells involved in pro-inflammatory activities of (C5a
(class | or class 2). Thus, the peptide analogs are selective agonists of CSaR-bearing APCs. In
binding C3ak on APCs, the peptides activate the subject’s innate immune system, which can be
used to induce a non-specific immune response in the subject. The non-specific immune
response can be used 1u the treatment of microbial infections, as well as non-infectious diseases,
such as cancer and the like, discussed herein.

Likewise, 1n some aspects, the selectivity of these HCI salt form CSa receptor agonist
peptides can be used to target a specific immunogenic agent to the APCs by functionally linking
an HC salt form peptide analog to a particular immunogen (e.g., antigen). When the peptide
binds to the APC, the linked immunogen s 1aternalized by the APC and generates an immune
response that i1s specific to that immunogen. This APC-targeting utilization of pephides i1s
described tn more detaif in U.S. Patent No. 6,821,517, mncorporated by reference herein.

In a further aspect, the present disclosure 15 also concerned with compositions comprising
the inventive HCI salt form peptide analogs dispersed in a pharmaceutically acceptable carnier,

Also described herein are methods of inducing an immune response against infection via
the selective engagement and activation of ClaR-bearing APCs 1 a subject. The methods

e Y
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generally comprise admnistering to the subject a therapeutically-effective amount of the
inventive HCI salt form peptide analogs, which are response selective C5a agonists and have
selective Cha receptor binding activity.

According to one aspect, the present disclosure is also concerned with kits comprising the
inventive HCI salt form peptide analogs and instructions for administering the peptide(s) to a
subject in need thereof

Uses of the inventive H{1 salt form peptide analogs are also described herein. In one
aspect, the peptides are used to prepare a therapeutic or prophylactic medicament for inducing an
imune response against an infection in a subject.

Peptides having the conformations and comprising the formulae set forth herein are high-
potency 53 analogs that can selectively elicit different classes ot biological responses
associated with natural C5a. These high-potency analogs may be used as agonists to selectively
elictt destred immunologic responses associated with natural CSa, and will {ind broad utdity 1o

treating immunocompromised patients, preferably without inflammatory side effects.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure (Fig ) 1 shows the structure of residue substitutions options for residue 7 1n SEQ
1D NO: 1, with name designations for preferred peptides;

Fig. 2 shows additional residue substitutions for peptide analogs;

Fig. 3 shows EP67 (proline substitution at position 7) and additional alternative residue
substitutions;

Fig. 4 illustrates an immunogenic compound comprising a peptide analog (e.g., EPO7)
conjugated via an arginine linker to an active agent; and

Fig. 3 1s a graph of the IL-6 release kinetics over time for HCL, AC, and TFA salts of the

{"Sa peptide analogs tested in Example 2 at 100 pg/mi.

DETAILED DESCRIPTION
The biclogically compatible HCI salt form of C5a analogs, such as EP67, displays
improved efficacy/potency and kinetics as compared to the corresponding trifluoroacetate and
acetate salt forms, which are commonly generated and used biologically. Also, the HCI salt does
not display any decrease m solution stability relative to the trifluorocacetate and acetate salt
torms. These results greatly strengthen the therapeutic potential and value of EP07 and related
analogs, and lend considerable support for accommodating the regulatory requirements and

.
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transiation into a commercial product.

The present invention 1s broadly concerned with a class of novel ohigopeptide products
capabie of eliciting favorable immune outcomes through selective activation of C5a receptor-
bearing APCs (e.g., macrophages, monocytes, dendrific cells), mn the absence of friggering
harmful inflammatory responses. In other words, the peptides selectively bind C5a receptor-
bearing APCs, without binding pro-inflammatory granulocytes. The present tnvention relates {o
materials and methods for treating and preventing infectious and non-infectious disease. More
specifically, the present disclosure relates o these new HCL salt form C35a receptor agonist
peptides, and uses thereof for treating and preventing infectious and non-infectious disease.

These C5a receptor agomst peptides are capable of selectively inducing innate host
pmmune responses at the expense of mflammatory responses and thus, can be used to treat a
variety of diseases including, but not limited to, microbial infections such as viral, bacterial and
tungal infections; and also non-infectious diseases 1ncluding, but not limited {0, cancer, immune
related disorders, and inflammatory disorders.

The HCI salt form C3a receptor agonist peptides described 1n this invention can also be
used to selectively induce acquired ummune responses when coupled with an immunogenic
agent, which can then be targeted directly to APCs through the specific binding of the peptides.
in one or more embodiments, the HCI salt form peptide analogs are covalently linked to the
immunogenic agent (optionally via a spacer moiety), whereby binding of the peptide to an APC
{C3a receptor activates the antigen presenting cell, effecting delivery of the irmmunogenic agent to
an antigen presenting pathway of the APC. Thus, these HCI salt form receptor agonists are useful
as molecular vaccine adjuvants to enhance the efficacy and immune stimulating properties of
various types of vaccines. Exempiary immunogenic agents are components that resemblie a
disease~causing microorganism or infectious agent, and/or are made from weakened or killed
forms of the same, its toxins, subunits, particles, and/or one of its surface proteins, such that it
provokes an mmmune response in the host specific to that microorganism or infectious agent.
Nome vaccines contain Killed, but previocusly virulent, microorganisms that have been destroyed.
Examples include influenza, cholera, polio, hepatitis A, and rabies vaccines. Some vaccines
contain hive, attenuated microorgamsms {(modified live virus} These vaccines use hive viruses
that have been cultivated under conditions that disable their virulent properties, or closely related
but less dangerous organisms to produce a broad immune response.  Some are also bacterial
nature. Live vaccines typically provoke more durable immunological responses and in humans
are the preferred type tor healthy adults. Examples include measles, mumps, rubella, whooping

7.



{0

15

20

30

CA 03065552 2015-11-28

WO 2018/231838 PCT/US2018/037119

cough, and the hike Toxoid vaccines are made from inactivated toxic compounds that cause
illness rather than the microorgamsm tiself. Examples of toxoid-based vaccines include fetanus
and diphthenia. Protein subunit vaccines can also be used. In these vaccines, a fragment of the
microorganism ts used to c¢reate an mmmune response.  Examples include subunit vaccines
against HPV, hepatitis B, and the hemaggilutinin and neuraminidase subunits of the influenza
virgs. Vaccines can also be formulated using viral or bacterial DNA to provoke an immune
response. Furthermore, although most current vaccines are created using inactivated or
attenuated compounds from microorganisms, synthefic vaccines using synthetic peptides,
carbohydrates, or antigens can also be used. Cancer vaccines using tumor-spectfic antigens are
also contemplated herein. Suitable vaccines can be monovalent or polyvalent.

The methods described in this mvention can also be applied to other peptide or protein
molecules to enhance or modulate the efficacy of these molecules.

The HCI salt form C5a receptor agonist peptides are used to induce innate and acquired
immune responses while sparning inflammation. Advantagecusly, the present invention aliows for
the use of a lower therapeutic dose with increased CSaR binding athnity on APCs, and
bioselectivity, thereby preventing side effects resulting from the non-binding analog conformer.

Compositions comprising the HCL salt form C3a receptor agonist peptides are also
described herein. In various embodiments, the composition comprises a pharmaceuticaily
acceptable carmer. The term carmer 1s used herein to refer to diluents, excipients, vehicles,
coatings and the like, in which the peptide(s} may be dispersed or coated with for adminisiration.
Suitable carriers will be pharmaceutically acceptable. As used herein, the term
“pharmaceutically acceptable” means not biclogically or otherwise undesirable, tn that i can be
administered to a subject without excessive toxicity, irritation, or allergic response, and does not
cause unacceptable biological ettects or interact in a deleterious manner with any of the other
components of the composition 1n which it is contained. A pharmaceutically-acceptable carrier
would naturally be selected to mimimize any degradation of the compound or other agents and to
minunize any adverse side effects in the subject, as would be well known 10 one of skill 1n the
art. Pharmaceutically-acceptable ingredients include those acceptable tor veterinary use as well
as human pharmaceutical use, and will depend on the rouie of adminisiration. Any carrier
compatible with the excipient(s) and EP67 analogs can be used. Supplementary active
compounds may also be incorporated into the compositions.

A composition of the present disclosure 1s formulated to be compatible with its intended
route of admimstration. Examples of routes of administration include oral administration

8.
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(ingestion} and parenferal administration, e.g., intravenous, intradermal, subcutaneous,
inhalation, nasal, transdermal (topical}, transmucosal, buccal, sublingual, pulmonary and rectal
administration.

Pharmaceutical compositions suttable for injectable use include sterile aqueocus solutions
(where water-soluble), solutions in sterile isotonic aqueous bufter, or dispersions and sterile
powders for the extemporaneous preparation of sierile injectable solutions or dispersion. For
intravenous adnmunistration, suttable carners include physiological saline, CUremophor EL™
(BASFE, Parsippany, N.J.), bacteriostatic/sterile water/distilied autoclaved water (DAW), or
phosphate buffered saline (PBS). 1In all cases, the composition i1s sterile and fluid to allow
syringability. The carrier may be a solvent or dispersion medium containing, for example, water,
ethanol, polyol {for example, glycerol, propylene glycol, and hquid polyethvlene glycol, and the
like), and suitabie mixtures thereof. Fluidity 1s maintained, for example, by the use of a coating
such as lecithin, by the mamntenance of the required particle size i the case ot dispersion, and by
the use of surfactants. Prevention of the action of microorganisms may be achieved by various
antibactenial and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be preferable to include isotonic agents, for
example, sugars, polvalcohols such as manmtol, sorbitol, and sodmum chloride mn the
composttion. Prolonged absorption of the injectable compositions may be brought about by
including in the composition an agent that delays absorption, for example, aluminum
monostearate and gelatin. The injectable preparations may be enclosed in ampules, disposable
syringes or multiple dose vials made of glass or plastic.

Solutions or suspensions used for parenteral application (injection or infusion) may
include the following components: a stenle diluent such as water for injection, saline soiution,
fixed oils, polyethyiene glycols, glvcenn, propylene glycol, various ail-in~water or water-in-otl
emuisions, as well as dimethyl sulfoxide (DMS(O), or other synthetic solvents; antibactenal
agents such as benzyl alcohol or methyl parabens,; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediamineietraacetic acid, butfers such as acetates,
citrates or phosphates and agents for the adjustment of tomicity such as sodium chioride or
dextrose. The pH may be adjusted with acids or bases, such as hydrochloric actd or sodium
hydroxide,

Oral compositions generally include an inert dduent or an edible carmer.  Oral
tormulations generally take the form of a pill, tablet, capsuie {e.g., soft gel capsule, sohid-filied

capsule, or ligmd-filied capsule), solid lozenge, hquid-filled lozenge, mouth and/or throat drops
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or spray, effervescent tablets, orally disintegrating tablet, suspension, emulsion, syrup, elixar, or
tincture. The composition may be contained in enteric forms to survive the stomach or turther
coated or mixed to be released in a particular region of the gastrointestinal tract by known
methods. Sohid oral dosage forms are typically swallowed immediately, or slowly dissolved
the mouth. Oral compositions may also be prepared using a fluid carner for use as a mouthwash,
wherein the compound in the thuid carrier i1s applied orally and swished and expectorated or
swallowed. Oral formulations optionally contain any of the following ingredients, or compounds
of a stmilar nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatin; starch
or iactose; a disintegrating agent such as alginic acid, Primogel™  or corn starch; a iubricant
such as magnesium stearate; a ghidant such as colioidal silicon dioxide; and/or a sweetening
agent such as sucrose or saccharnn.

For administration by inhalation, the composition 1s optionally delivered 1n the form of a
spray.  The spray may be an aerosol spray from a pressured container or dispenser, which
contains a suitable propeliant, eg., a gas such as carbon dioxide, or a nebulizer. The
compostiion 1s optionally formulated for delivery via a dry powder inhaler (DPI), a metered dose
inhaler {pMDI}, nasal spray, or a vaporizer. For routes of administration involving absorption of
an agent and/or excipient through mucosal membrane, the composition further optionally
COMprises a penetrant.

Optionally, the composition 15 formulated as a “liquid respiratory composition,” 1.e., a
compostiton in a form that 15 dehiverable to a mammal via the oral cavity, mouth, throat, nasal
passage or combinations thereof. These compositions can be delivered by a delivery device
selected from droppers, pump, sprayers, hiquid dropper, spoon, cup, squeezable sachets, power
shots, and other packaging and equipment, and combinations thereof. In one embodiment, the
liguid respiratory composition comprises the therapeutic agent, and excipient, a thickening
polvmer {e.g., xanthan gum, cellulosic polymers such as carboxymethycellulose (CMC),
hydroxethyicellulose, hvdroxymethvicellulose, and hydroxypropyimethyicellulose, carrageenan,
polyacrylic acid, cross-linked polyacryiic acid such as Carbopol®, polycarbophil, alginate, clay,
and combinations thereot), and optionally a mucoadhesive polymer (e.g., polyvinylpyrrolidone
(Povidone), methyl vinyl ether copolymer of maleic anhydride (Gantrez®), guar gum, gum
tragacanth, polydextrose, cationic polymers, polv(ethylene oxide), poly{ethyvlene glvcol),
poly{vinyl alcohol), poly{(acrylic acid), cross-linked polyacrylic acid such as Carbopol®,
polycarbophil, poly(hydroxyl ethyl methacrylate), chitosan, celluiosic polymers such as
carboxymethycellulose  (CMC),  hydroxethyicellulose,  hydroxymethylcellulose,  and
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hydroxypropylmethylcelluiose, and combinations thereot). The composition 18 preterably a non-
Newtontan liquid that exhibits zero shear viscostly from about 100 centiPoise (¢P) {o about
1,000,000 ¢P, trom about 100 ¢P to about 500,000 cP, from about 100 cP to about 100,000 ¢cP,
trom about 100 ¢P to about 50,000 cP, from about 200 ¢P to about 20,000 ¢P, trom about 1,000
to about 10,000 P at a temperature of about 37 °C, as measured according o the Shear Viscosity
Method. The pH range of the formulation 1s generally from about 1 to about 7, from about 2 to
about 6.5, and from about 4 to about 6.

In general additional pharmaceutically-acceptable ingredients for use in the compositions
include adjuvants, antigens, buffering agents, salts, stabilizing agents, diluents, preservatives,
antibiotics, isotonic agents, cell media (e.g., MEM, FBS), flavoring agents, and the hike.
‘xemplary isotontc agents include dexirose, lactose, sugar alcohols {(e.g., sorbitol, mannitol}, and
the hike. Stabilizing agents include sugars such as sucrose and lactose, amino acids such as
giycine or the monosodium salt of glutamic acid and proteins such as albumin or gelatin, and
mixtures thereot. Exemplary preservatives include tormaldehyde, thimerosal, and the hike.

In various embodiments, in addifion to the carrier and peptide analogs described herein, a
nasal spray formulation may comprise benzalkomium chionide, camphor, chiorhexidine
gluconate, citric acid, disodium EDTA, cucalyptol, menthol, puntied water, and/or tyloxapol.
An exemplary oral composition may comprise FO&C Blue No. 1, gelatin, glycerin, poivethylene
glycol, povidone, propylene glycol, purified water, sorbitol special, and/or titanium dioxide in
addition 10 an exciptent and acetaminophen, doxylamine succinate, and phenviephrine HCI (or
dextromethorphan).

In vanous embodiments, powders, creams and gels are contemplated for topical
adnunistration of a pharmaceutical composition. In one embodiment, the topical administration
refers to the application of a therapeutic composition to a localized area of the body or o the
surface of a body part {e.g., on the skin) where action or symptom relief is desired. In one
embodiment, a transdermal patch 15 used according the present disclosure.  In still other
embodiments, a pharmaceutical composition according to the present disclosure 1s embedded,
e.¢., in wound dressings, bandages {e.g., hydrocolloids, hydrogels, alginates, foams, gauze),
and/or surgical sutures to prevent and/or treat infections and improve wound {e.g., scrapes, cuts,
and surgical 1ncisions) healing.

In one embodiment, the components of the composition are prepared with carrners that
will protect the components against rapid elimination from the body, such as a controlied release
formulation, ncluding coatings, implants, and mucroencapsulated delivery systems.
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Biodegradable, biocompatible polymers may be used, such as ethviene wvinyl acetate,
polvanhydrides, polyglycolic acid, coliagen, polyorthoesters, and polylactic acid.

The formulation i1s provided, in various aspects, in umt dosage form for ease of
admnistration and untformity of dosage. “Untl dosage torm”™ as used heretn refers to phystcally
discrete units suited as unitary dosages for the subject to be treated, each unit containing a
predetermined quantity of active compound calculated to produce the desired therapeutic effect
in association with the required pharmaceutical carrier.  The specification for the dosage unit
forms are dictated by and are directly dependent on the unique characteristics of the excipieni(s)
and therapeutic agent{s} and the particular biclogical eftect to be achieved.

Satety and eftficacy of compositions described herein are determined by standard
procedures using 72 vifro or in vive technologtes, such as the materials and methods described
herein and/or known in the art. Adnmunistration may be on an as-needed or as-desired basis, for
example, once-monthly, once-weekly, or daily, imcluding multiple times daily, for example, at
ieast once datly, from one to about ten times daily, from about two to about four times daily, or
about three imes daily. A dose of composition optionally comprises about from about 0.001 mg
to about 1000 mg active agent, alternatively from about 2.5 mg to about 750 mg active agent,
and alternatively from about 3 mg to about 650 mg of the active agent. In one embodiment, a
dose of composition according to the present disclosure comprises about from 0.1 mg to about
0.25 mg. In various embodiments, a dose of composition according to the present disclosure
comprises 25 ug, 50 ug, 60 ug, 70 pg, 80 ug, 90 pg, 100 ug, 125 pg, 150 pg, 175 ug, 200 ug,
225 ug, 250 ug, 275 ug, 300 ug, 325 ng, 350 ug, 375 ug, 400 pg, 425 ug, 450 ug, 475 pug or 500
g, In varnous embodiments, a dose of composition according to the present disclosure
comprises between 25 ug to 500 pg, 50 ug to 400 ug, 100 uge to 300 ug, or 200 ug to 250 ug.

In various embodiments, the HCI salt torm (C35a receptor agonist peptides or a
pharmaceutical composition comprising the HCI salt form {5a receptor agonist peptides, is used
10 combination with one or more other active agents useful tor treating or prevenfing intections
or diseases. The other active agent{s} can enhance the eftects of the therapeutic agent and/or
exert other pharmacological effects in addition to those of the therapeutic agent. Non-himifing
examples of active agenis that can be used 1n combination with a therapeutic agent are
immunosuppressants {e.g., cyclosporine, azathioprine), corticosteroids, anti-intlammatory
agents, chemotherapeutic agents, antibiotics, anfifungals, and antivirals,

As described herein, other exemplary active agents that are contemplated include
vaccines (e.g., existing vaccines directed to a specific pathogen or disease) and vaccines
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comprising C-terminal analogs of U3a comjugated to a specific antigen. For example, the antigen
can be attached to the N-terminus of the C-terminal analog of C5a via two arginine linkers,
which provide a cleavage site for proteolviic enzymes 1n the cytoplasm of the antigen presenting
cell as a means of separating the antigen/epitope from the {-terminal analog of 5a and
enhancing its processing and presentation in the context of MHC/HLA-I/II on the antigen
presenting cell surface. For example, an exemplary swine Influenza A peptide cocktail vaccine
could comprise one or more of the following immunogenic compostiions:

NA (449-457; SEQ 1D NO:19): NSDTVOWSW-[Arginine Linker]-| Peptide Analog]

NA {25-33; SEQ ID NG:20y QIGNUSIW-{ Arginine Linker|-{Peptide Analog]

NA (266-274; SEQ ID NO:21)): SVEMNAPNY-{ Arginine Linker|-[Peptide Analog]

NA (414-423; SEQ 1D NG:22): GLDCIRPCEFW-[ Argimine Linker}-{ Peplide Analog]

HA (87-95; SEQ ID NO:23) LSTASSWSY-| Arginine Linker|-[Peptide Analog]

HA (16-24; SEQ 1D NO:24y: NADTLCIGY-[Arginine Linker|-[Peptide Analog]

HA (445-454; SEQ 1D NO:25)y LLENERTLDY-[Arginine Linker]-[Peptide Analog]
Chemical conjugation approaches can also be used.

The type of antigen that can be chosen as the antigenic moiety in the present invention
can be any peptide, polypeptide or denvative thereof for which an immune response or antibody
production is desired. These inciude but are not limited to, peptides, polypeptides {i.e. proteins)
and derivatives thereof, such as glvcopeptides, phosphopeptides and the like. Synthetic peptide
and polypeptide dertvatives or analogs, or any other similar compound that can be conjugated to
a receptor-targeting moiety can be used in the present invention. Moreover, these peptides,
protetns and denvatives may comprise single epitopes or multiple epitopes for generating
difterent types of immune responses. Indeed, if an entire protein is conjugated to a targeting
moiety, this protein 1s hkely to comprise numerous epitopes, which may vary depending upon
the solvent conditions and their effect on secondary and tertiary structure of the protein.
Carbohydrates, nucleic acids and other non-protein substances also may be used as the antigenic
motety. Methods are avadable 1n the art tor conjugating these substances to the peptide or protein
targeting moiety, as generally ilustrated in Fig. 4.

In one or more embodiments, the antigenic moiety comprises agenis that are weakly
antigenic or non-antigenic under currently available immunization conditions. Many tumor-
associated antigens fall ito this category, because the anfigens also are expressed by normal
cells. Therefore, immunological tolerance to such molecules makes 1t difficult to stimulate
responses against such antigens. Other proteins that fall mto this category include naturally
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occurring proteins from one species {¢.g., human) for which it would be desirable to produce
antibodies 10 another spectes but which are recalcitrant to anitbody generation tn the other
species. The components can be made separately, then conjugated. For example, a small peptide
analog, such as the above-described CS5a agonist salt forms, may be produced by peptide
synthetic methods, and conjugated to a protein which has been purified from naturally occurring
biological sources. In particular, protein and/or peptide components of the mvenfion are
synthesized  separately, then conjugated chemically wusing m-maleindobanzoyl-N-
hydroxysuccimimide ester (MBF). This reagent cross-links amino- and carboxy-terminal thiol
groups in the peptide with lysine side chains present in the protein. Alternatively, a synthetic
peptide may be coupled to a protein using glutaraldehyde, a common cross-linking agent.
Another method tor chemically coupling a peplide to a protein s through the use of carbodiimide
and 1-(3dimethylaminopropyl)-3-ethylcarbodiimide methiodide (EDC).  Alternatively, proteins
engineered tor expression via recombinant methods may be used. Additionally, targeted antigens
comprising peptide components (1., a peptide antigenic epitope conjugated to a peptide receptor
ligand) can be synthesized in tandem by peptide synthetic chemistry according to known
methods and as described in greater detail below. Likewise, targeted antigens of the invention
comprising two larger polypeptide moieties (1.¢., a large polypeptide antigen hinked to a large
ligand} can be made by recombinant techniques. For example, DNA molecules encoding both
components can be higated together by recombinant means, then expressed as the comugated
fusion protein.

The compositions described herein can be used as part of a treatment for a variety of
diseases tncluding, but not limited to, microbial infections such as viral, bacterial and fungal
infections; these composifions can also be used to treat non-infectious diseases including, but not
limited to, cancer, immune related disorders, and inflammatory disorders. The compositions
described 1n this invention can alse be used as vaccine adjuvants to enhance the efficacy and
immune stimulating properties of vanous types of vaccines.

in use, a therapeutically-effective amount of HCI salt form C5a receptor agonist peptide
is adnmuinistered to a subject. Admimistration of the HCI salt form 53 receptor agonist peptide
elicits an immune response 1n the subject, and more specifically a selective activation of the
innate immune response, without direct activation of pro-inflammatory neutrophils and other
granulocytes.  The mmmune response will be demonsirated by a lack of observable chinical
syimmptoms, or reduction of clinical symptoms normally displayed by an infected subject, faster
recovery times from infection, reduced duration of infection, and the bike. In another
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embodiment, a method of activating an immune cell at a site of infection or disease 1s provided
comprising administering an effective amount of the HCI salt torm €5a receptor agonist peptides
to a mammal, said analog having selective C5a receptor binding activity. It will be appreciated
that although the HCI salt form €353 receptor agonist peptide does not directly bind or activate
the pro-inflammatory granulocytes, a secondary inflammatory response may be inifiated due 1o
the release of chemokines/cytokines by the APCs once activated by the peptide analogs.

in varnious aspects of each embodiment of the disclosure, the infection or disease is
caused by an infectious agent selected from the group consisting of bactenia, virus, and fungus.
in other various aspects of each embodiment, the disease is cancer. In various aspects of each
embodiment of the method, the infection comprises a biofilm.

In vartous aspects of each embodiment of the disclosure 1nvolving a bactenal infection,
such as mastitis, or intections caused by one or more bacteria such as methicillin-resistant §.
aurens (MRSAY, MRSA strain USA300-FPR3757, vancomycin-resistant 5. awureus (VRSA},

macroltde-resistant 8. pyogenes, penicillin-resistant Strepifococcus pneumoniae, Extensively

Drug-Resistant Mycobacterinm tuberculosis (XDR TB), multidrug-resistant funferococcus

Jaecalis, multdrug-resistant faferococcus faecium, Psendomonas aeruginosa, clindamycin-

resistant Clostridinm  difficile, fluoroquinolone-~-tesistant Clostridinm  difficile, Acinetobacter
baumannii, DBacillus anthracis, Bordetella pertussis, Bordetella bronchiseptica, Borrelia

burgdorferi, Brucella abortus, Srucella canis, Brucella melitensis, Brucelia suis, Campviobacter

Jejuni, Chiamydia preumonia, Chlamvdia trachomatis, Canlamydophila psitiaci, Clostridium

botulinum, Clostridium difficile, Clostridium perfringens, Clostridium teiani, Corynebacterium
diphtheriae, Funterococcus faecalis, lwmiterococcus faecium, Lhrlichia canis, fischerichia coli
Francisella tularensis, Haemophilus influenzae, Helicobacter pylori, Legionelia pneumophila,
Leptospira  inferrogans, Listeria monocyfogenes, Mycobacterium leprae, Mycobacterivm
fuberculosis, Mycobacteriuim ulcerans, Mycoplasma preumoniae, Neisseria gonorrhoeae,
Neisseria meningitidis, Pseudomonas aeruginosa, Rickelisia rickelisii, Salmonelia ityphi,
Saimonella tvphimurivm, Shigella sonnei, Staphylococcus aureus, Siaphylococcus epidermidis,
Staphviococcus saprophayticus, Strepfococcus agalactiae, Streptococcus nmitans, Streplococcus
preumoniae, Streptococcus pyogenes, {reponema pallidum, Vibrio cholerae, and/or Yersinia
pestis.

In various aspects of each embodiment of the disclosure involving a viral infection, the
virus 18 selected from the group consisting of Poxvindae, Chordopoxvirinae, Orthopoxvirus,
Cowpoxvirus, Monkeypox virus, Vaccinia virus, Vanola virus, Parapoxvirus, Bovine papular
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stomatitis virus, Porcine Epidemic Drarrhea virus (PEDvV), Porcine Reproductive and Respiratory
Syndrome Virus (PRRSVYY, O virus, bovine viral diarrhea virus (BYDYVY), Pseudocowpox virus,
Molluscipoxvirus, Molluscum contagiosum virus, Yatapoxvirus, Tanapox virus, Yaba monkey
tumor virus, Herpesvinidae, Alphaberpesvirinae, Simplexvirus, Human herpesvirus 1, Herpes
samplex virus 1, Human herpesvirus 2, Herpes simplex virus 2, Varncellovirus, Human
herpesvirus 3, Varicella-zoster virus, , Betaherpesvirinae, Cytomegalovirus, Human herpesvirus
5, Human cytomegalovirus, Roseolovirus, Human herpesvirus 6, Human herpesvirus 7,
Gammaherpesvirinae, Lymphocryptovirus, Human herpesvirus 4, Epsiemn-Barr  virus,
Rhadinovirus, Human herpesvirus &, Kapost's sarcoma-associated herpesvirus, Adenoviridae,
Mastadenovirus, Human adenovirus A, Human adenovirus B, Human adenovirus €, Human
adenovirus D, Human adenovirus E, Human adenovirus ¥, Polyomaomaviridae, Polyvomavirus,
BK  polyomavirus, Human  polvomavirus, JC  polyomavirus,  Papillomaviridae,
Alphapapiilomavirus, Human papillomavirus 2, Human papiliomavius 10, Human
paptiiomavirus 6, Human papillomavirus 7, Human papiliomavirus 10, Human papiiiomavirus
18, Human papillomavirus 26, Human papiliomavirus 32, Human papillomaviras 34, Human
paptiiomavirus 53, Human paptilomavirus 34, Human papiliomavirus 61, Human paptilomavirus
71, Human papillomavirus cand90, Betapapillomavirus, Human papillomavirus 5, Human
paptllomavirus 9, Human papiliomavirus 49, Human papillomavirus cand92, Human
paptliomavirus cand96, Gammapapiliomavirus, Human papillomavirus 4, Human papillomavirus
48, Human papdiomavirus 50, Human papillomavirus 60, Human papillomavirus &8,
Mupapillomavirus, Human papillomavirus 1, Human papillomavirus 63, Parvovindae,
Parvovirinae, Erythrovirus, B19 virus, Hepadnavinidae, (Urthohepadnavirus, Hepatitis B vius,
Retrovirtdae, Orthoretrovirinae, Deltaretrovirus, Primate T-lymphotropic virus 1, Primate T-
lymphotropic virus 2, Lentivirus, Human immunodeliciency virus 1, Human mmmunodeficiency
virus 2, Reovirtdae, Orthoreovirus, Mammalian orthoreovirus, Orbivirus, African horse sickness
virus, Changuinola virus, Cornparta virus, Orungo virus, Rotaviras, Rotavirus A, Rotavirus B,
Mononegavirales, Filoviridae, Marburgvirus, Lake Victorta marburgvirus, Ebolvirus, Ivory
Coast ebolavirus, Reston ebolavirus, Sudan ebolavirus, Zaire cbolavirus, Paramyxovindae,
Paramyxovirmnae, Respirovirus, Human paraintluenza vuous 1, Human paramfluenza virus 3,
Morbillivirus, Measles virus, Edmonston virus, Rubulavirus, Human parainfiuenza virus 2,
Human parainfluenza virus 4, Mumps wvirus, Henipavirus, Hendravirus, Nipahvirus,
Pneumovirinae, Pneumovirus, Human respiratory syncytial virus, Metapneumovirus, Human
metapneumovirus, Rhabdovinidae, Vesiculovirus, Chandipura virus, Cocal virus, Istahan virus,
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Piry wvirus, Vesicular stomatitis Alagoas virus, Vesicular stomatitis Indiana virus, Vesicular
stomatitis New Jersey wvwus, Lyssavirus, Australian  bat  lyssavirus, Rabtes wvirus,
Orthomyxoviridae, Influenzavirus A, Influenza A virus, swine influenza A, avian influenza
(HAN1, H7N9), canine influenza viruses, equine intluenza viruses, Influenzavirus B, Influenza B
virus, Influenzavirus €, Influenza C wvirus, Bunyaviridae, Bunyavirus, Bunyamwera virus,
Bwamba virus, California encephalitis virus, Guama virus, Onboca virus, Oropouche virus,
Hantavirus, Andes virus, Hantaan virus, Puumala virus, Seoul virus, Dobrava-Belgrade virus,
Bayou virus, Black Creek Canal virus, New York virus, Sin Nombre virus, Nairovirus, Crimean-
Congo hemorrhagic fever virus, Nairobt sheep disease virus, Phlebovirus, Rift Valley fever
virus, Sandfly fever Naples wvirus, Arenavinidae, Arenavirus, Lassa virus, Lymphocytic
choriomeningitis virus, Guanarito virus, Junin virus, Machupo virgs, Sabia virus, Deltavirus,
Hepatitis delta virus, Nidovirales, Coronavinidae, Coronavirus, Human coronavirus 229E,
Human coronavirus €43, Human enieric coronavirus, Severe acute respiratory syndrom
coronavirus, Torovirus, Picornavindae, Enterovirus, Human enterovirus A, Human enterovirus
B, Human enferovirus €, Human enterovirus D, Poliovirus, Rinnovirus, Human rhinovirus A,
Human rhinovirus B, Hepatovirus, Hepatitis A wvirus, Parechovirus, Human parechovirus,
Calicivintdae, Norovirus, Norwalk virus, Sapovirus, Sapporo virus, Hepevirus, Hepatitis E virus,
Astroviridae, Mamastrovirus, Human astrovirus, Togaviridae, Alphavirus, Chikungunya virus,
O’'nyong-nyong virus, Mavaro virus, Ross River virus, Barmah Forest virus, Sindbis virus,
(ckelbo virus, Venezuelan equine encephalitts virus, Western equine encephahitis virus, Eastern
equine encephalitis virus, Rubivirus, Rubella virus, Flavivindae, Flavivirus, Kyasanur Forest
disease virus, OUmsk hemorrhagic tever virus, Powassan virus, Louping il virus, Tick-borae
encephalitis virus, Dengue virus, Japanese encephalitis virus, Murray Valiey encephalitis virus,
St. Louis encephalitis virus, West Nile virus, Hheus virus, Yellow fever virus, Apor virus,
Hepacivirus, Hepatitis C virus, GB virus B, GB virus A, Feline Leukemia Virus (FelL'V), Feline
Coronavirus {feline infectious pertfonitis virus),

intections having more than one viral or bactenal causative agent can aiso be treated with
the inventive compounds, including mastitis, bovine respiratory disease (BRD, which 1s linked 1o
Gram negative bactena Mannheimia haemolytica, Pasteurella multocida, and Histophilus somni,
as well as Mycoplasma bovis), distemper, and the like.

In various aspects of each embodiment mvolving a fungus, the tungus 1s selected from
the eroup consisting of (. albicans, A. jumigates, A. flavus, A. clavatus, C. neoformans, (.
faurentii, C. albidus, C. gatti, H. capsulatum, P. jirovecii, §. chartarum, C. immitis and C.
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PONSGUESIT.

In various aspects of each embodiment of the disclosure, the disease 1s selected from the
eroup consisting of scrapie, bovine spongiform encephalopathy, transmissible mink
encephalopathy, chronic wasting disease, feline spoungitorm encephalopathy, exotic ungulate
encephalopathy, Creutzfeldt-Jakob disease, 1atrogemic Creutzfeldt-Jakob disease, variant
Creuizfeldt-Jakob disease, famihial Creutzteldi-Jakob disease, sporadic Creutzteidt-Jakob
disease, Gerstmann-Straussier-Scheinker syndrome, fatal familial insomnia, and Kuru.

To achieve a desired therapeutic outcome in a combination therapy, HCI salt form CSa
receptor agonist peptides and other active agent(s) are generally administered to a subject in a
combined amount effective to produce the desired therapeutic outcome {e.g., reduction or
eltmination of one or more symptoms). The combination therapy can involve administering the
HCl salt form C5a receptor agonist peptides and the other active agent(s) at about the same time.
Nimuitaneous administration can be achieved by administering a single compostiion thai contains
both the H{1 sait form {5a receptor agonist peptides and the other active agent(s). Alternatively,
the other active agent(s) can be taken separately at about the same time as a pharmaceutical
formulation compnsing the HC salt form C3a receptor agonist peptides (i.e., sequentiaily}. In
cither case, the active agent and HCI salt torm CSa receptor agomst peptides are considered to
have been “co-administered.”

In other alternatives, admumnistration of the HCI salt form CS5a receptor agonist peptides
can precede or follow administration of the other active agent(s) by an nterval ranging from
minutes to hours. In embodiments where the HCl salt form C3a receptor agonist peptides and
the other active agent(s}) are admunistered at different tumes, the HCI salt form C5a receptor
agonist peptides and the other active agent{s} are administered within an appropriate time of one
another 50 that both the HCI salt torm C5a receptor agonist peptides and the other active agent(s)
can exert a beneficial effect (e.g., synergistically or additively} on the recipient. In some
embodiments, the HCI salt form (CSa receptor agonst peptide 18 admunistered to the subject
within about 0.5-12 hours (before or after), or within about 0 5-6 hours {(before or after), of the
other active agent(s). In certain embodiments, the HCI salt form CSa receptor agonist peptide 18
administered to the subject within about 0.5 hour or 1 hour {before or after) of the other active
agent({s}.

A “booster” dose of HCI salt form Cla receptor agonist peptides or a pharmaceutical
composttion comprising HCl salt form C3a receptor agonist peptides, separately or in
combination with another active agent as described above, 15 also contemplated by the present
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disciosure. A booster dose may be administered about 1 week, about 1 month, about 2 months,
about 3 months, about 4 months, about 5 months, about © months, about 7 months, about B
months, about 9 months, about 10 months, about 11 months, about 12 months, about 2 vears,
about 3 years, about 4 vears, about 5 years, about 6 years, about 7 years, about 8 years, about 9
years, about 10 years, about 15 years, and about 20 vears after an imitial administration.

A kit comprising the HCI salt form CSa receptor agonist peptides 1s also disclosed herein.
The kit turther comprises instructions for adnunistering the HCI salt form C5a receptor agonist
peptides to a subject. The HCL salt form C5a receptor agonist pepiides can be provided as part of
a dosage unit, already dispersed in a pharmaceutically-acceptable carrier, or it can be provided
separately from the carrier. The kit can further comprise instructions for preparing the HCI salt
formy CS5a receptor agonist peptides tor administration to a subject, including for example,
instructions for dispersing the analog(s) in a suitable carner.

it will be appreciated that therapeutic and prophylactic methods described herein are
apphicable to humans as well as any suttable animal, including, without limitation, dogs, cats,
and other companion animals, as well as, rodents, primates, horses, caitle, pigs, etc. The
methods can be also applied for clinical research and/or study.

As described herein, the ability 1o induce innate immunity in a non-antigen-specific
method has advantages in that it affords induction of immune responses to a wide range of
pathogens irrespective of the nature of the antigens these pathogens express. Thus, the ability to
induce a profective immune response 18 not dependent upon reaction 10 a specific antigen
expressed by a pathogen, but rather to the pathogen itself

Additional advantages of the various embodiments of the inveation will be apparent to
those skilled 1n the art upon review of the disclosure herein and the working examples below. 1t
will be appreciated that the varous embodiments described herein are not necessarily mutually
exciusive unless otherwise indicated herein. For example, a feature described or depicted in one
embodiment may also be inciuded 1n other emabodiments, but 18 not necessarily included. Thus,
the present mvention encompasses a variely of combinations and/or integrations of the specific

embodiments described herein.

General definitions

Unless otherwise defined herein, scientific and technical termunologies employed in the
present disclosure shall have the meanings that are commonly understood and used by one of
ordinary skill 1n the art. Unless otherwise required by context, it will be understood that singular
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.

terms shall nclude plural forms of the same and plural terms shall include the singular.
Specifically, as used herein and 1n the claums, the singular forms “a” and “an” include the plural
reference unless the context clearly indicates otherwise. Thus, for example, the reference to a
particalar C-terminal analog of CSa 15 a reference {0 one such analog or a plurality of such
analogs, including equivalents thereof. Also, the terms “at least one” and “one or more” have the
same meaning and include one, two, three or more. The following terms, unless otherwise
indicated, shall be understood to have the following meanings when used in the context of the
present disclosure.

Examples provided herein, including those following “such as” and “e.g.,” are considered
as illustrative only of various aspects of the present disclosure and embodiments thereof, without
being specifically lumited thereto. Any suitable equivalents, alternatives, and modifications
thereof (including materials, substances, constructions, compositions, formulations, means,
methods, conditions, etc.) known and / or avatlable to one skilled 1w the art may be used or
carried out in place of or in combination with those disclosed herein, and are considered to fal
within the scope of the present disclosure.

As used in the present disclosure, the term “treating” or “treatment’ refers to an
intervention performed with the intention of preventing the development or altering the
pathology of a disease or infection. Accordingly, “treatiment” refers to both therapeutic treatment
and prophylactic or preventative measures. A therapeutic agent may directly decrease the
pathology of a disease or infection, or render the disease or intection more susceptible {o
treatment by other therapeutic agents or, for examplie, the host’s immune system. Treatment of
patients suffering from chinical, biochemical, radioclogical or subjective symptioms of a disease or
infection may inciude alleviating some or all of such symptoms or reducing the predisposition to
the disease. Improvement after treatment may be mantfested as a decrease or elimination of such
symptoms. Thus, the compositions are useful in treating a condition by preventing the
development of observable clinical symptoms from infection, and/or reducing the incidence or
severity of clinical symptoms and/or etfects ot the infection, and/or reducing the duration of the
infection/symptoms/etfects.

“Infections” as used herein refers to any mucrobial wvasion of a hving tissue that s
deleterious to the organism (host). Microbial infections may be caused by microorganisms, or
“infectious agents,” including a bacteria, virus, or fungus. Similarly, the term “disease” refers to
any pathological condition and includes the overt presentation of symptoms {(1.€., iliness) or the
manifestation of abnormal chinical indicators (e.g., biochemical indicators). Alternatively, the
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term “disease” refers to a genetic or environmental risk of or propensity tor developing such
symptoms or abunormal chimical indicators. An wmfection or disease 15 any condition that would
benefit from treatment with a molecule according to the present disclosure. This includes chronic
and acute disorders or diseases including those pathological conditions which predispose the
mamimal to the disorder in question.

As used herein, the phrase “effective amount” or “therapeutically eftective amount” 18
meant to refer to a therapeutic or prophvyiactic amount of HCI salt form 5a receptor agonist
peptide that would be appropriate for an embodiment of the present disclosure, that will elicit the
desired therapeutic or prophyliactic effect or response, including alieviating some or ali of such
symptoms of disease or infection or reducing the predisposition 1o the disease or infection, when
administered in accordance with the destred treatment regimen. {One of skill 1n the art recognizes
that an amount may be considered therapeutically “ettective” even if the condition 1s not totally
eradicated or prevented, but it or its symptoms and/or effects are improved or alleviated partially
in the subject. The therapeutically effective dosage of peptide may vary depending on the size
and species of the subject, and according to the mode of administration.

Retferences herein to a “conformation” of a peptide or a “conformer’ refer generally to
the range of geometnic onentations/siructures/molecular arrangements, and particularly
geometric tsomers, that a peptide may adopt at a given time. “Conformationally-stable” means
that the peptide 1s generally fixed in a single geometric orentation/conformation/molecular
arrangement and not prone to conversion/rotation to a diudferent onentation. In other words,
rotation of bonds {(particularly between the cis and #rans configurations) is restricted or
climinated in the conformationally-stable analogs. Individual residue may also have a
“constrained conformation,” which means that they do not undergo cis/frans 1somerization.

The term “ohigopeptide” refers to a peptide that 1s at least about 5 amino acids 1o length
and less than 40 amino acids in length. In one embodiment of the present disciosure, the
oligopeptide 1s from about S to about 10 residues in length. In one embodiment, the oligopeptide
15 a decapeptide (1., 10 amino acids mn length).

¢

As used herein, the term “carboxy-ternunal” or “C-terminal” refers to the carboxy-

termtnus of Cha,

As used herein, the phrase having “selective CSa receptor binding activity” and similar
expressions, refer to the ability of the HCI salt formn C5a receptor agonist peptides to bind to
CD88 to stimulate the immune-modulatory effect in antigen presenting cells, at the expense of
other (CSa-mediated inflammatory responses.  In other words, binding causes, nfer alia,

-



{0

15

20

30

CA 03065552 2015-11-28

WO 2018/231838 PCT/US2018/037119

activation of APCs, without directly binding or activating C5a receptor-beanng granulocyies.

As used herein, “concurrent’ admimistration of two therapeulic agents does not require
that the agents be adnunistered at the same fime or by the same route, as long as there 15 an
overiap in the tume period during which the agents are exerting their therapeutic eftect.
simultaneous or sequential admimistration i1s contemplated (“co-administration”), as 18
admunistration on different days or weeks. “Prior” administration refers to admanistering an HCI
salt form (5a receptor agonist peptide at some time betore administering a second therapeutic
active agent, 1rrespective of whether the two therapeutic agents are exerting a therapeutic effect
together. Moreover, “tollowing” administration refers to admunistering an HCI salt torm (3a
receptor agonist peptide at some time after administering a second therapeutic agent, irrespective
of whether the two therapeutic agents are exerting a therapeutic effect together.

As used herein, the phrase "and/or,” when used 1n a hist of two or more 1tems, means that
any one of the listed 1items can be employed by tself or any combination of two or more of the
listed 1tems can be employed. For example, if a composition is described as containing or
excluding components A, B, and/or , the composition can contain or exclude A alone; B alone:;
 alone; A and B in combination; A and € in combination; B and C in combination; or A, B, and
 1n cormbination.

The present description also uses numerical ranges to quantify certain parameters relating
to various embodiments of the mvention. It should be understood that when numerical ranges
are provided, such ranges are {0 be construed as providing literal support for claum limitiations
that only recite the lower value of the range as well as claim limitations that only recite the upper
value of the range. For example, a disclosed numerical range of about 10 to about 100 provides
literal support for a claim reciting "greater than about 10" {(with no upper bounds} and a claim

reciting "less than about 100" (with no lower bounds).

EXAMPLES
The following examples set forth methods 1n accordance with the ivention. It 1s to be
understood, however, that these examples are provided by way of illustration and nothing therein

should be taken as a hhmitation upon the overall scope of the mmvention.

EXAMPLE 1
Peptide Synthests and Punfication
Peptides were synthesized according to standard Fmoc orthogonal solid-phase

)



10

20

30

CA 03065552 2015-11-28

WO 2018/231838 PCT/US2018/037119

methodologies on an AAPPTEC (Advanced Automated Peptide Protein Technology, Louisville,
KY) APEX 396 peptide synthesizer. Syntheses were performed on a 0.10 mmol scale on Arg-
loaded Wang resins {(0.30 — 0.40 meqg/g substitution, 100-200 mesh). N"%amino groups were
protecied with the base-labile OS-fluorenvimethyloxycarbonyt (Fmoc) group. Side-chamn
functional  groups  were  protected  as  follows: Arg  (Pbt  or 2,2.467-
pentamethyvidihyrdobenzoturan-S-sulfonyl), Asp (Ot-butyl ester), Cys, Gln & His (Tt or tnityl);
Lys {(Boc or t-butyloxycarbonyi), Ser & Tyr (t-butyl). Synthesis was initiated by the removal of
the Frnoc group on the Arg-Wang resin with 20% pipenidine in DMF for 12 minutes to expose
the tree “N-amino group. Amide bond formation was accomplished by the iz site coupling of
the next residue as an actvated ester of 2-{1H-benzotriazol-i-vi}-1 1,3, 3-tetramethyluronium
hexatluorophosphate (HBTU) made with an equuvalent of HBTU and 10% excess of diisopropyl
cthylamine (BIEA)  Peptide elongation was achieved by repeating this cycie of Fmoc
deprotection followed by coupling with the HBTU ester of the next amino acid

Disulfide bridge formation was accomplished by oxtdation of the di-Cys{5H} peptide in
dilute aqueous solution (0.1 mg/ml, pH 7.5) by KsFe(CN)s. The course of disulfide formation
was monitored by analytical HPLC. The solution was acidified to pH 3.5 and weakly basic
cation exchange beads (Amberlite-HC! IRA-68, Sigma} were added to the solution to form a
sturry. The slurry was stirred for 20 mins, filtered, and the clear solution frozen and lyophilized.

side-chain deprotection and cleavage from the resin were achieved in a single step
acidolysis reaction by stirring the peptide-resin in a solution of 10 mL trifluoroacetic acid (TFA)
containing 0.75g phenol, 0.5 mL water, and 0.25 ml triisopropylsitane for 1.5 hr at room temp.
Free peptide was precipitated tfrom this solution by adding excess cold diethyl ether. The mixture
was {iltered through a scintered glass Buchner funnel (medium porosity) and the peptide/resin
washed twice with cold ether to remove the scavengers. The peptide was extracted by swirling
the peptide/resin in the funnel with 20-30 ml aliquots of 10% acetic acid followed by filtration.
The extraction aliquots were combined, frozen, and lyophilized to yield the powdered form of
the crude peptide.

Peplides were purilied by preparative and analytical reverse~-phase HPLC on a Waters
DeltaPrep chromatography system. The crude peptide was dissolved in 40 mL of water or
running bulfer {TEAP) and {iltered through a 0.45 um nylon filter. Twenty microliters (20 pl)
of this solution was loaded onto an analvtical column (Waters Symmetry Cis, 5 um, 4.6 x 250
ram) and eluted with a linear gradient generated of tniethylamine/phosphoric acid (TEAP) butter
(0.5% triethylamine {(v/v) and 0.5% phosphoric acid {v/v}), pH 2.3 {solvent system A) and 60%
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(v/v}) acetomtride in TEAP pH 2.3 (solvent systermn B} The gradient (15-43% B over 30 mun.,
flow rate 1.5 mb/min.} was generated by a Waters PrepL U Controlier module. The separation
was monitored at 214 nm with a programmable absorbance detector (Waters 2487 Dual
Absorbance Detector} and the peaks were recorded and integrated on a computer to obtain the
analytical chromatogram and separation conditions of the crude peptide.

Once optimized, these same gradient conditions were used to purity the crude mixture on
a preparative scale. 'The remainder of the crude peptide {up to 500 mg)} was loaded onto a
radially compressed preparative HPLC column loaded with four separate reverse phase Cig
Waters PrepPak cartridges (25 x100 mm, 15 um, 300A) packed with Cis-bonded silica,
previousiy equuibrated with TEAP pH 2.3, The peptide was eluted as described above with the
analytical run, but with a flow rate of 60 mL/min.

Generation of the HCI salt was accomplished by loading the single 1solated peptide peak
from the TEAP preparative run onto the same preparative column, but previously equilibrated
with an agqueous solution of SmM HCL  The peptide was eluted with SmM HCI as the running
buffer and a gradient of acetonitrile (0-50% over 5 nunutes) at a flow rate of 60 mi/min. The
purified HCI peptide salt was recovered by lvophilization. *'P-NMR results confirmed that there
was no phosphate salt emanating from the triethylamine/phosphoric acid (TEAP) buffer used to
purtly (an place of conventional 0.1% TFA), and mstead the presence of the HCI counter 1on
from the desalting process (5mM HC) after the TEAP punification.

Generation of the acetate salt (OAc) was accomplished by a procedure similar to the
above, using 0.5% (v/v) acetic acid as the running bufter and acetonitrile as the eluent.

Generation of the TFA salt was likewise accomplished with 0.1% TFA as the runming

butter and 60% acetonitride 1in 0.1% TFA as the eluent.

EXAMPLE 2

Salt forms of EPO7 (SEQ ID NO:2) generated using the above procedures were incubated
at varying concentrations with murnne splenocytes over fime. The HCI salt form outperformed
the acetate (OAC) and, particulariy, the TEFA salt forms 1n terms of total amount of cytokine (-
0} released from murine splenocyies and the kinetics of that release; 1.¢., the HCI form generated
maximal 1L-0 release guicker than the other two salt forms.

A 24-hour dose response was investigated by incubating mouse spieen cells for 24 hrs
with varving concentrations of the EP67 salts. Supernatants were collected and assayed for IL-6
by ELISA. The data is shown in Table L
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Table 1. 24-HR Dose Response
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variation.

As seen trom the data above, increasing the concentration to 10 or 100 pg/ml. dramatically
increases the amount of IL-6 produced in both the acetate and HCl forms. Nevertheless, the HCI

torm still far exceeds the QA salt form.
Next, IL-6 kinetics were investigated by incubating mice spleen cells with 100 pg/mbL of
10 each salt torm, and the release was examined over time. The results are shown in Table 11

Table 11, IL-6 Kinetics
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As can be seen from the data above, there 18 a dramatic increase in IL-6 levels within the first 24
hours after incubation with the HCI salt form, as compared to the other salt forms. In addition,
the levels atter 48 hours are still higher than the highest level seen with either the OAc¢ or TFA
salt torms. This 1s also tllustrated in the graph in Fig. 5.

We have observed that in aqueous solution (1320) there are a greater number of nuclear
{Overhauser effect (NOE) signals 1in the HC1 salt form of EP67 than the THA sait form,
suggesting a greater degree of structural integrity that is held for a longer period of time with the

HCI salt torm than with the THA salt.

[iscussion

As can be seen from the data in Fig. 5, a number of surprising results were seen with the
HCl salt form of EP67 and derivatives, as compared to other salt forms. For example, there was
a greater magnitude of cytokine release (1L-6} seen with the HCI salt form than with the acetate
or TFA salt forms. In addition, the maximal release of cytokine (IL-6) was achieved quicker
with the HCL salt form than the others. Also, m agueous solution (3200} there was a greater
number of NOEs with the HCI salt than with the TFA salt, suggesting a greater degree of
structural/conformational 1ategnty with the HUL  As a general rule, different salt torms of a
small compound or peptide are not really given much importance except how they may atfect
synthesis economy and ease and what may be allowed for use in humans/animals by the
reguiatory agencies. Thus, these results are surprising, as we did not expect any difference at all

(nor would have anyone else) based merely on ditferent salt forms of the peptides.
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CLAIMS:
1. A hydrochionde (HCH) salt form of a C-terminal peptide analog of {C3a, wherein

the analog 1s a peptide comprising the formula:
Al-Ser-Phe-Lys-A2-~-A3-A4-A5-A6-A7 (SEQ 1D NO: 5)
or a conformationally-stable derivative thereof,
wheremn:
Al s Tyr, Trp, or N-acetyl denivatives of Tyr or Trp;
AZ1s Asp, Gly, Pro or N-methyl dentvatives of Asp or Gly;
A3 1s Ala, Cys, Leu, Met or N-methyi dertvatives of Ala, Cys, Leu or Met;
A4 15 Gin, Leu, Pro or N-methyl denvatives of Gln or Leu;
A5 1s Pro, Leu, o-methyl Leu or N-methyl Leu;
A6 1s D-Ala, Gly, D-Pro, amunoisobutyric acid {Aib} or N-methyl derivatives of D-Ala or
Gy and

AT 1s Arg or N-methyl Arg.

2. The HCI salt form of said C-terminal peptide analog of C3a according to claim 1,
wherein said analog 1s selected from the group consisting of;
Tyr-Ser-Phe-Lys-Pro-Met-Pro-Leu-{D-Ala)-Arg (SEQ 1D NG:0);
Tyr-Ser-Phe-Lys-Asp-Ala-Pro-Leu-(D-Ala)-Arg (SEQ ID NOG:7y;
Tyr-Ser-Phe-Lys-Asp-Met-Pro-Leu-{D-Ala)-Arg (8EQ 1D NO:8);
Tyr-Ser-Phe-Lys-Asp-Met-Pro-Leu-Gly-Arg (SEQ 1D NG:9);
Tyr-Ser-Phe-Lys-Asp-Ala-Pro-Leu-Gly-Arg (SEQ 1D NG 10);
Tyr-Ser-Phe-Lys-Asp-Cys-Pro-Leu-Gly-Arg (SEQ 1D NGO 11
Tyr-Ser-Phe-Lys-Asp-Met-Pro-Leu~(D-Pro}-Arg (SEQ 1D NO:12);
Tyr-Ser-Phe-Lys-Asp-Met-Gin-Leu-(D-Ala)-Arg (SEQ 1D NO:13);
Tyr-Ser-Phe-Lys-Asp-Met-Glon-Leu-Gly-Arg (SEQ 1D NO:14);
Tyr-Ser-Phe-Lys-Asp-Met-Glo-Pro-Gly-Arg (SEQ 1D NO: 153
Tyr-Ser-Phe-Lys-Asp-Met-Pro-Leu-Aib-Arg (SEQ 1D NO:16);
Tyr-Ser-Phe-Lys-Gly-Met-Pro-Leu-Gly-Arg (SEQ 1D NOG:17); and
Tyr-Ser-Phe-Lys-Gly-Leu-Leu-Leu-Gly-Arg (SEQ D NO:18).
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3. The HCI salt form of sard C-termunal peptide peptide analog of CSa according io
claum 1, wherein satd analog 1s designated as EP67 having the formula; Tyr-Ser-Phe-Lys-Asp-

Met-Pro-(MethylLeu)-D-Ala-Arg (SEQ ID NG:2).

4 The HCI salt form of said C-terminal peptide analog of C5a according to claim |,
wherein said analog 1s a conformationally-stable peptide having the formula:
Tyr-Ser-Phe-Lys-Asp-Met-Xaa-(XaaZ }-{(-Alay-Arg (SEQ ID NO: 1,
wherein Xaa 1s a moditied proline residue or a restdue substitution for proline, and Xaa2 is
leucine or N-methyl leucine.
5. A composttion comprising the HCL salt torm of said C-terminal peptide analog of

{5a according to any one of claims 1-4 dispersed 1in a pharmaceutically acceptable carner.

G, The composition of claim 5, further comprising adjuvants, other active agents,

preservatives, buftering agents, salts, and muxtures thereof

7. The composition of claim 6, wherein said active agent is selected from the group
consisting of kiiled virus, modified live virus, viral or bactenial proteins, viral or bacterial DNA,

toxoids, protein subunits, peptide epitope, and tumor antigens.

8. The composition of claim 7, wherein said active agent 15 conjugated to said

peptide analog.

9. The composition of claim 7, said composition comprising a plurality of different
active agents, each of said active agents conjugated {0 a respective peptide analog in said

composition.

10 A method of inducing an immune response against an infection or cancer in a
subject, sard method comprising administering to satd subject a therapeutically-effective amount

of an HCI salt form of a C~terminal peptide analog of CSa according to any one of claims 1-4.

il The method of claim 10, wherein the infection or disease is caused by an
infectious agent selected from the group consisting of bacteria, virus, and fungus.

~2E-
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12. The method of claim 10, wherein said peptide analog 15 dispersed in a

pharmaceutically-acceptable carrier.

i3 The method of claim 10, turther comprising providing a unit dosage form of said

peptide analog dispersed in said pharmaceutically-acceptable carrier prior 10 said admimstering.

i4 The method of claim 10, wherein said peptide analog 15 admunistered
intramuscularly, subcutanecusly, intradermally, intranasally, intravenously, orally, or via 2a

transdermal patch.

i5. The method of claim 10, further comprising administering an active agent to said

subiect, satd active agent being different from said peptide analog.

16, The method of claim 15, wherein said peptide analog and active agent are co-
administered.
i7. The method of claim 13, wherein said active agent 15 selected from the group

consisting of killed virus, modified live virus, viral or bactenal proteins, viral or bacterial DNA,

toxoids, protewn subunits, peptide epitope, and tumor antigens,

18. The method of claum 15, wherein said active agent 15 conjugated to said peptide
analog.

19, The method of claim 15, wherein said subject 1s a human or non-human animal.

20, A kat comprising:

an HCI salt form of a C-terminal peptide analog of C5a according to any one of claims I-
4: and

instructions for administering said analog to a subject in need thereot.

21, The kit of claim 20, wherein said peptide analog 1s provided in unit dosage form.
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22, The kit of claim 20, wherein said peptide analog 1s provided in a first container,
said kit further comprising a carner in a second container;, and instruciions for preparing said

peptide analog for administration to said subject.

23. A compound for enhancing an immune response to an immunogenic agent, said
compound comprising an HCI salt form of a C~termunal peptide analog of CSa according to any

one of claims 1-4 covalently linked to an immunogenic agent.

24 The compound of claim 23, said immunogenic agent being selected from the
group consisting of killed virus, modified live virus, viral or bacterial proteins, viral or bacterial

DINA, toxoids, protein subuntds, peptide eptiopes, and tumor antigens,
25, Use of an HCI salt form of a C-termunal peptide analog of C5a according to any

one of claims 1-4 to prepare a therapeutic or prophyiactic medicament for inducing an immune

response against an infection or cancer in a subject.

~ 33~
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ER87: Tyr-Ser-Phe-Lys~-Asp-Mel-Fro-{N-methylb-Leul-0r-Ala-Arg (SEQ 1D NO:2)
111 Tvr-SeePhe-Lys-Asp-Met-. \~{Nvmethy -Lau-D-Ala~-Arg (SEQ 1D NO:1)
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Optional Linker
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