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SUMMARY

The present disclosure is directed to individugitigee immunogen constructs targeting
portions of the Interleukin-31 (IL-31) protein ftne treatment and/or prevention of a pruritic
condition and/or an allergic condition, such agetaermatitis. The present disclosure is also
directed to compositions containing the peptide imogen constructs, methods of making and
using the peptide immunogen constructs, and angsooroduced by the peptide immunogen
constructs.

In one aspect, the present disclosure refers th-84 peptide immunogen construct can
be represented by the formulae: (Th)m—(A)n—(IL-8dgment)—X or (IL-31 fragment)—(A)n—
(Th)m—X wherein Th is a heterologous T helper epitope; A is a heterologous spacer; (IL-31
fragment) is a B cell epitope having about 15 toudty5 amino acid residues from SEQ ID NO:
1 or SEQ ID NO: 2; X is ana-COOH ora-CONH2 of an amino acid; m is from 1 to about 4;
and n is from O to about 10.

In another aspect, the present disclosure refeas ih-31 peptide immunogen construct
comprising: a B cell epitope comprising about 1%bout 75 amino acid residues from the full-
length IL31 protein sequence of SEQ ID NO: 1 or SEQ ID NO: 2; a T helper epitope
comprising an amino acid sequence selected frongrigp consisting of SEQ ID NOs: #2:
and an optional heterologous spacer selected fhrengitoup consisting of an amino acid, Lys-,
Gly-, Lys-Lys-Lys-, (1, e-N)Lys, ande-N-Lys-Lys-Lys-Lys (SEQ ID NO: 91), wherein the BIc
epitope is covalently linked to the T helper epéajrectly or through the optional heterologous
spacer.

In yet another aspect, the present disclosuresrébes composition comprising a peptide
immunogen construction as disclosed herein.

In yet another aspect, the present disclosure sdfera pharmaceutical composition
comprising: a. a peptide immunogen construct asclased herein and b. and a
pharmaceutically acceptable delivery vehicle andthuvant.

In yet another aspect, the present disclosuresatelan isolated antibody or epitope-

binding fragment thereof that specifically binds ttee B cell epitope of the IL-31 peptide
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immunogen construct as disclosed herein.

In yet another aspect, the present disclosuresételan isolated antibody or epitope-
biding fragment thereof that specifically binds ttee B cell epitope of the IL-31 peptide
immunogen construct as disclosed herein.

In yet another aspect, the present disclosure sdfiera composition comprising the
isolated antibody or epitope-binding fragment tbées disclosed herein.

The disclosed peptide immunogen constructs coadaaut 25 or more amino acids. The
peptide immunogen constructs contain a B cell @pitioom portions of the canine IL-31 protein
(GenBank: BAH97742.1). The full-length amino asifjuence of the canine and human IL-31
protein is shown as SEQ ID NO: 1 and SEQ ID NOre3pectively, inTable 1. The B cell
epitope can be linked to a heterologous T helpdr (&) epitope derived from pathogen
proteins through an optional heterologous spad®e. disclosed peptide immunogen constructs
stimulate the generation of highly specific antilesddirected against IL-31. The disclosed
peptide immunogen constructs can be used as annothrapy for animals suffering from a
pruritic condition and/or an allergic conditionchuas atopic dermatitis.

The B cell epitope portion of the peptide immunogsmstructs have amino acid
sequences from the full-length canine IL-31 prot@&Q ID NO: 1) or the full-length human
IL-31 protein (SEQ ID NO: 2). In some exampleg Bicell epitope has a sequence containing
any of SEQ ID NOs: 1 to 13 and 93 to 98, as showrable 1.

The peptide immunogen constructs of the presewtadisre can contain a heterologous
Th epitope amino acid sequence derived from a pattio protein (e.g., SEQ ID NOs: 14 to 42)
as shown irffable 2. In certain examples, the heterologous Th epitepkerived from natural
pathogens, such as Diphtheria Toxin (SEQ ID NO; P&smodium Falciparum (SEQ ID NO:
19), Cholera Toxin (SEQ ID NO: 21). In other exaesp the heterologous Th epitope is an
idealized artificial Th epitope derived from Measl®irus Fusion protein (MVF 1 to 5) or
Hepatitis B Surface Antigen (HBsAg 1 to 3) in therrh of either single sequence or
combinatorial sequences (e.g., SEQ ID NOs: 25a04d,26).
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In some examples, the peptide immunogen constoattin a B cell epitope from IL-31
linked to a heterologous T helper cell (Th) epitapeough an optional heterologous spacer. In
certain examples, the peptide immunogen constoaettain a B cell antigenic site having the amino
acid sequence from IL-31 (e.g., SEQ ID NOs: 1 tcahd 93 to 98 ) linked to a heterologous Th
epitope derived from a pathogenic protein (e.g.QSB NOs: 14 to 42) through an optional
heterologous spacer. In some examples, the optaterologous spacer is a molecule or chemical
structure capable of linking two amino acids anddeptides together. In certain examples, the
spacer is a naturally occurring amino acid, a natsrally occurring amino acid, or a combination
thereof. In specific examples, the peptide immunogenstructs have the amino acid sequence of
SEQ ID NOs: 43 to 90 and 99 to 105 showitable 3.

The present disclosure is also directed to comipaosit containing an IL-31 peptide
immunogen construct. In some examples, the disdla®mpositions contain more than one IL-31
peptide immunogen constructs. In certain examphes,compositions contain a mixture of I1L-31
peptide immunogen constructs (e.g., any combinabioSEQ ID NOs: 43-90 and 99 to 105) to
cover a broad genetic background in subjects. @sitipns containing a mixture of peptide
immunogen constructs can lead to a higher perceritagesponder rate upon immunization for the
treatment of a pruritic condition and/or an allergondition, such as atopic dermatitis, compared to
compositions containing only a single peptide imogen construct.

The present disclosure is also directed to pharoteed compositions for the treatment
and/or prevention of a pruritic condition and/or alergic condition, such as atopic dermatitis. In
some examples, the pharmaceutical compositionsaicorthe disclosed peptide immunogen
constructs in the form of a stabilized immunostiataty complex formed through electrostatic
associations by mixing a CpG oligomer with a conipms containing a peptide immunogen
complex. Such stabilized immunostimulatory compkexare able to further enhance the
immunogenicity of the peptide immunogen constructs. some examples, the pharmaceutical
compositions contain adjuvants such as minerals,saticluding alum gel (ALHYDROGEL),
aluminum phosphate (ADJUPHOS), or water-in-oil estaris including MONTANIDE ISA 50V2,
ISA 51, or ISA 720.

The present disclosure is also directed to antdsodiirected against the disclosed IL-31
peptide immunogen constructs. In particular, tle@tigle immunogen constructs of the present
disclosure are able to stimulate the generatiohigtily specific antibodies that are cross-reactive
with the IL-31 amino acid sequences (SEQ ID NO4:3)-when administered to a subject. The
highly specific antibodies produced by the pepiidenunogen constructs are cross reactive with
recombinant IL-31-containing proteins. The diselbantibodies bind with high specificity to 1L-31

without much, if any, directed to the heterologols epitopes employed for immunogenicity
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enhancement, which is in sharp contrast to the emional protein or other biological carriers used
for such peptide antigenicity enhancement.

The present disclosure also includes methods featitrg and/or preventing a pruritic
condition and/or an allergic condition, such asp#todermatitis, using the disclosed peptide
immunogen constructs and/or antibodies directednagaéhe peptide immunogen constructs. In
some examples, the methods for treating and/orepteng a pruritic condition and/or an allergic
condition, such as atopic dermatitis, include adsteming to a host a composition containing a
disclosed peptide immunogen construct. In ceredamples, the compositions utilized in the
methods contain a disclosed peptide immunogen wmarstin the form of a stable
immunostimulatory complex with negatively chargedyanucleotides, such as CpG oligomers,
through electrostatic association, which compleaes further supplemented, optionally, with
mineral salts or oil as adjuvant, for administratio subjects with a pruritic condition and/or an
allergic condition, such as atopic dermatitis. Tmclosed methods also include dosing regimens,
dosage forms, and routes for administering theige@munogen constructs to a host at risk for, or

with, a pruritic condition and/or an allergic cotln, such as atopic dermatitis.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1A to 1B — Amino acid sequence of canine IL-31 protein @SB NO: 1) with

structural and functional features highlighteBiglre 1A) and sequence alignment and
localization of antigenic sites used in the preskstlosure relative to the full-length canine IL-

31 protein Figure 1B).

Figure 2 — Graphs illustrating the anti-1L-31 polyclonaltidody titers (Logo) with recombinant
canine IL-31 protein after immunization of guinaggpwith various formulations containing the
IL-31 peptide immunogens in adjuvant ISA50V2. Skspvere analyzed at 3, 6, 9, 12, and 15

weeks post injection (wpi).

Figures 3A to 3D — Plasmid map of canine IL-31 with a His-tag a¢ t@-terminus for
expression in mammalian cells (Expi 293Figure 3A) and a Western blot probed with an anti-
His-tag antibody from cell lysate and culture medi(rigure 3B). Coomassie blue staining of
His-tagged IL-31 protein expression and purificatran on a 12% Bis Tris SDS PAGEi@ure
3C). Western blot of the SDS-PAGE gel shown in Bi@, probed with an anti-His-tag antibody
(Figure 3D).

Figures 4A to 4B — schematic illustrating am vitro IL-31 induced signal transduction functional

inhibition assay using IL-31 antibodieSigure 4A). An enlarged view of the assay steps is shown
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