10

15

20

25

30

35

13. “Asthma Fact Sheet” World Health Organization website, website address:
www.who.int/mediacentre/factsheets/fs307/en/indiexl.lfaccessed August 18, 2017).

14. “2016 Appendix to GINA ReportGlobal Initiative For Asthma website, website address:
ginasthma.org/wp-content/uploads/2016/04/GINA-Aapr2016-final.pdf (accessed August
18, 2017).

15. “Allergy” Wkipedia, The Free Encyclopedia, website address: en.wikipedia.org/wiki/Allergy
(accessed August 18, 2017).

16. website: en.wikipedia.org/wiki/Allergen)

SUMMARY

The present disclosure is directed to individugitjpee immunogen constructs targeting the
extracellular membrane proximal domain of membraoend IgE (IgE EMPD) for the treatment
and/or prevention of IgE mediated allergic diseas@ée present disclosure is also directed to
compositions containing the peptide immunogen caotd, methods of making and using the
peptide immunogen constructs, and antibodies pextiby the peptide immunogen constructs.

Thus, in one aspect, the present disclosure rébeen IgE EMPD peptide immunogen
construct represented by the formulae: HiN—(IgE EMPD fragment)-X or (Igg EMPD
fragment)—(A)—(Th»—X or (Thin—(A)—(IgE EMPD fragment)—(Ay-(Th)»—X wherein Th is a
heterologous T helper epitope; A is a heterologous spacer; (IgE EMPD fragment) is a B cell epitope
having about 20 to about 40 amino acid residues ftbe central intramolecular loop of IgE
EMPD; X is ana-COOH ora-CONH; of an amino acid; m is from 1 to about 4; and n is from 0 to
about 10.

In another aspect, the present disclosure referantdgE EMPD peptide immunogen
construct comprising: a B cell epitope comprisihgit 20 to about 40 amino acid residues from
the IgE EMPD sequence of SEQ ID NO: 1 or SEQND: 2; a T helper epitope comprising an
amino acid sequence selected from the group corgist SEQ ID NOs: 5%7; and an optional
heterologous spacer selected from the group camgist an amino acid, Lys-, Gly-, Lys-Lys-Lys-,
(o, e-N)Lys, ande-N-Lys-Lys-Lys-Lys (SEQ ID NO: 129), wherein thedll epitope is covalently
linked to the T helper epitope directly or througk optional heterologous spacer.

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

In yet another aspect, the present disclosure sefera pharmaceutical composition
comprising: a. a peptide immunogen construct aslaed heretnand b. and a pharmaceutically
acceptable delivery vehicle and/or adjuvant.

In yet another aspect, the present disclosuresédean isolated antibody or epitope-binding
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fragment thereof that specifically binds to thedd epitope of the IgE EMPD peptide immunogen
construct as disclosed herein.

In yet another aspect, the present disclosuresrédean isolated antibody or epitope-biding
fragment thereof that specifically binds to thedd epitope of the IgE EMPD peptide immunogen
construct as disclosed herein.

In yet another aspect, the present disclosuresrédea composition comprising the isolated
antibody or epitope-binding fragment thereof asldsed herein.

The disclosed peptide immunogen constructs corahout 20 or more amino acids. The
peptide immunogen constructs contain a B cell ggittoom the 67 amino acid sequence of the full-
length IgE EMPD (SEQ ID NO: 1). The B cell epitogen be linked to a heterologous T helper
cell (Th) epitope derived from pathogen proteinstigh an optional heterologous spacer. The
disclosed peptide immunogen constructs stimulage gbéneration of highly specific antibodies
directed against IgE EMPD and can bind to recomttitlge EMPD-containing protein, IgE EMPD
on mIgE bearing B cells, and/or a recombinant, ldelUgE EMPD protein containing the Fc
portion of human IgG1l and the IgE EMPD of human reme-bound IgE (referred to agl®
em67”). The disclosed peptide immunogen constraats be used as an allergen-independent,
cost-effective, universal immunotherapy for glopatients suffering from IgE mediated allergic
diseases.

The B cell epitope portion of the peptide immunogenstructs have amino acid sequences
from the full-length IgE EMPD sequence (SEQ ID NK: In some examples, the B cell epitope
has a sequence containing the internal intra-mtdedoop formed by endogenous cysteines (C18-
C39), according to numbering of the full-length IEMPD sequence (SEQ ID NO: 1). In certain
specific examples, the B cell epitope has an aracid sequence of IgE EMPD-1-39 (SEQ ID NO:
5), IgE EMPD-7-40 (SEQ ID NO: 6), IgE EMPD-19-38S ID NO: 8), or IgE EMPD-1-40 (SEQ
ID NO: 9).

The peptide immunogen constructs of the presemiodisre can contain a heterologous
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Th epitope amino acid sequence derived from a gatho protein (e.g., SEQ ID NOs: 59 to 87).
In certain examples, the heterologous Th epitopeledved from natural pathogens, such as
Diphtheria Toxin (SEQ ID NO: 63), Plasmodium Faémpm (SEQ ID NO: 64), Cholera Toxin
(SEQ ID NO: 66). In other examples, the heterolmydh epitope is an idealized artificial Th
epitope derived from Measles Virus Fusion prot&VE 1 to 5) or Hepatitis B Surface Antigen
(HBsAg 1 to 3) in the form of either single sequermr combinatorial sequences (e.g., SEQ ID
NOs: 70, 69, and 71).

In some examples, the peptide immunogen constemitain a B cell epitope from IgE
EMPD linked to a heterologous T helper cell (Thitgpe through an optional heterologous spacer.
In certain examples, the peptide immunogen constreantain a B cell antigenic site having more
than about 20 amino acids from IgE EMPD-1-40 (SEQNO: 9) linked to a heterologous Th
epitope derived from a pathogenic protein (e.g.QSP NOs: 59 to 87) through an optional
heterologous spacer. In some examples, the opti@btarologous spacer is a molecule or chemical
structure capable of linking two amino acids angieptides together. In certain examples, the
spacer is a naturally occurring amino acid, a natwrally occurring amino acid, or a combination
thereof. In specific examples, the peptide immunogenstructs have the amino acid sequence of
SEQ ID NOs: 88-95, 98-124, and 130.

The present disclosure is also directed to comipasitcontaining an Igg EMPD peptide
immunogen construct. In some examples, the disdle@mpositions contain more than one IgE
EMPD peptide immunogen construct. In certain eXasyghe compositions contain a mixture of
IgE EMPD G1-C39 peptide immunogen constructs (ugy, combination of SEQ ID NOs: 88-95,
98-124, and 130) to cover a broad genetic backgraonpatients. Compositions containing a
mixture of peptide immunogen constructs can lead togher percentage in responder rate upon
vaccine immunization for the treatment of IgE méstilgallergic diseases compared to compositions
containing only a single peptide immunogen construc

The present disclosure is also directed to pharat@eé compositions, including vaccine
formulations, for the treatment and/or preventidnlgE mediated allergic diseases. In some
examples, the pharmaceutical compositions conktardisclosed peptide immunogen constructs in
the form of a stabilized immunostimulatory compfexmed through electrostatic associations by
mixing a CpG oligomer with a composition containiagpeptide immunogen complex. Such
stabilized immunostimulatory complexes are abldutther enhance the immunogenicity of the
peptide immunogen constructs. In some examples, ptharmaceutical compositions contain
adjuvants such as mineral salts, including alum @4HYDROGEL), aluminum phosphate
(ADJUPHOQOS), or water-in-oil emulsions including MOANIDE ISA 51 or 720.
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The present disclosure is also directed to antésodiirected against the disclosed IgE
EMPD peptide immunogen constructs. In particulag peptide immunogen constructs of the
present disclosure are able to stimulate the gaaeraf highly specific antibodies that are cross-
reactive with the Igg EMPD-1-52 amino acid seque(@EQ ID NO: 2), the IgE EMPD 1-67
amino acid sequence (SEQ ID NO: 1), and fragmdregeedf (e.g., SEQ ID NOs: 5 and 6) when
administered to a subject. The highly specificiaties produced by the peptide immunogen
constructs are cross reactive with recombinantB§HE>D-containing proteinyl-em67, and/or IgE
EMPD on membrane-bound IgE bearing B cells. Thecldsed antibodies bind with high
specificity to IgE EMPD without much, if any, dited to the heterologous Th epitopes employed
for immunogenicity enhancement, which is in shaoptast to the conventional protein or other
biological carriers used for such peptide antigénenhancement.

The present disclosure also includes methods éatitrg and/or preventing IgE mediated
allergic diseases using the disclosed peptide inogem constructs and/or antibodies directed
against the peptide immunogen constructs. In seranples, the methods for treating and/or
preventing IgE mediated allergic diseases includadministering to a host a composition
containing a disclosed peptide immunogen construcin certain examples, the compositions
utilized in the methods contain a disclosed pepimdeunogen construct in the form of a stable
immunostimulatory complex with negatively chargd@yanucleotides, such as CpG oligomers,
through electrostatic association, which compleges further supplemented, optionally, with
mineral salts or oil as adjuvant, for administratio patients with IgE mediated allergic diseases.
The disclosed methods also include dosing regimgosage forms, and routes for administering

the peptide immunogen constructs to a host afeislor with, IgE mediated allergic diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an illustration that depicts the mechanismhef igE-mediated allergic disease pathway.

Naive mature B cells begin by expressing membrangd IgM (mIgE). Upon encountering an
allergen, these cells become activated with thp betognate helper T (TH) cells that provide the
B cells with necessary co-stimulatory signals agtblanes. Activated allergen-specific B cells,
helped by a plethora of cytokines, such as IL-4 #nd3, become IgE-committed B cells
expressing migE through class-switching recombamatThose IgE-committed B cells terminally
differentiate into IgE-secreting plasma cells. Mafsthe IgE-secreting plasma cells are short-lived
and migrate to the site of inflammation then die béwever, a few long-lived cells migrate to their
corresponding niches in the bone marrow. The alegpecific IgE that is secreted from the
plasma cells binds to the high-affinity IgE.Fc netwe, F&RI, on the surface of blood basophils and

tissue mast cells. Allergen-induced aggregatiolyBfbound to FeRI
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