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Alignment of the D-helix region sequence of human yc-family cytokines

TL-15 |T |[K|(E|F|L |Q|S|[F|V|H|T|V|Q|M|F|T |[N|T]|S |stop

IL-2 |I|V|E|F|L|N|R|WI |T|F|C|Q|S|I |I|S|T|L|T stop

IL-21 |P|K|E|F|L|E|R[(F|K|S |L|L|[Q|K|M|I |H|Q|H|L S

IL4 |L|E(N|F|L|E|R|L(K|T|I [M(R|E[K|Y|S|K|C]|S R

IL-9 |A|L|T|F|L|E|S|L|(L|E|L|F|Q|K|E|K|M|R|G R

IL-7 |DIL|(C|F|L|K|R|L L Q|E(T |K|T|C|W[N T|L
FIG. 1A

(57) Abstract: Embodiments relate to peptide antagonists of yc-farnily cytokines, which is associated with important human dis -
eases, such as leukemia, autoimmune diseases, collagen diseases, diabetes mellitus, skin diseases, degenerative neuronal diseases and
graft-versus-host disease (GvHD). Thus, inhibitors of yc-cytokine activity are valuable therapeutic and cosmetic agents as well as re-
search tools. Traditional approaches to inhibiting yc-cytokine activity involve raising neutralizing antibodies against each individual
ye-cytokine family member/' receptor subunit. However, success has been limited and often multiple yc-cytokine family members
co-operate to cause the disease state. Combinatorial use of neutralizing antibodies raised against each factor is impractical and poses
an increased risk of adverse immune reactions. The present embodiments overcome these shortcomings by utilizing peptide antagon -
ists based on the consensus yc-subunit binding site to inhibit yc-cytokine activity. Such approach allows for flexibility in antagonist
design. In several embodiments, peptides exhibit Simul -Block activity, inhibiting the activity of multiple yc-cytokine family mem-

bers.
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MODULATING GAMMA-C-CYTOKINE ACTIVITY

PRIORITY AND CROSS REFERENCE TO RELATED APPLICATIONS
{0001 This application claims the benefit of U.S. Provisional Application No.

12/239,761, filed October 9, 2015, which is hercby incorporated by reference m its entirety.

SEQUENCE LISTING IN ELECTRONIC FORMAT
{0062] The present application is being filed along with a Sequence Listing as an
ASCH text file via EFS5-Web. The Sequence Listing is provided as a file eatitled
BIONOOGWOSEQLIST 1xt, created and last saved on October 6, 2016, which 15 5,981 byvtes
i size. The information in the electronic format of the Sequence Listing 1s incorporated

herein by reference m its entivety in accordance with 35 US.C. § 1.52().

FIELD

{0003] Some embodiments relate to peptide antagonists of ye-fanmuly cytokines, a
group of mammalian cvtokines that are mainly prodaced by epithelial, stromal and immume
cells and control the normal and pathological activation of a diverse array of ymphocvies.
Some embodiments also relate to the therapeuntic uses of such peptides for the treatment of
certain human diseases. The present embodiments also relate to the cosmeceutical
applications of such peptides. Description of target diseases, cosmeceutical applications, as
well as methods of administration, production, and commercialization of the peptides are

disclosed.

BACKGROUND
{0004] Cytokines are a diverse group of soluble factors that mediate various cell
functions, such as, growth, functional differentiation, and promotion or prevention of
programmed cell death (apopiotic cell death). Cytokines, unlike hormonces, are not produced
by specialized glandular tissues, but can be produced by a wide variety of cell types, such as
epithelial, stromal or immune cells.

{0005] The ve-family cytokines are a group of mavunalian cvtokines that are

mainly produced by epithelial, stromal and immune cclls and control the normal and



WO 2017/062685 PCT/US2016/055845

pathological activation of a diverse array of lymphocytes. These cviokines are critically
required for the early development of T cells in the thymus as well as their homeostasis in the

periphery.

SUMMARY

In some embodiments, a composite peptide is provided. In some embodiments, the
composite peptide comprises amino acid sequences of at least two interloukin (L) protein
gamma-c-box D-helix regions, wherein the composite peptide comprises the amino acid
sequence P-K-E-F-L-E-R-F-V-H-L-V-3-M-F-I.LH-Q-S-L-5 (SEGQ ID NO: 3},

In some embodiments, the composite peptide of claim I, wherem the composite
peptide inhibits the activity of two or more ye-cyvtokines selected from the group consisting of
2,04 1L 7 1L 9, 1L 15, and 1L 21, In some embodiments, the composiie peptide inhibits
the activity of at least [L-15 and 1L-21,

In some embodiments, the composite peptide further comprises a signal peptide.
some embodiments, the composite peptide is further conjugated to one or more additional
moigtics at the N terminus, C terminus or a side residuc of the composite peptide. In some
embodiments of the composite peptide, the one or more additional moieties are selected from
the group consisting of bovine serum albumin (BSA), albumin, Kevhold Limpet Hemocvanin
(KLH), Fc region of 1gQG, a bioclogical protemn that functions as scaffold, an antibody against a
cell-specific antigen, a receptor, a ligand, a metal ion, and Poly Ethvlene Glyeol (PEG).

In some embodiments, the composite peptide consists of an amino acid sequence
having at least 90% sequence identity with SEQ 1D NO: 3. In some embodiments, the
composite peptide consists of an amino acid sequence having at least 953% sequence identity
with SEQ [D NGO: 3.

In some¢ embodiments, a phammaceutical composition is provided. In some
embodiments, the pharmaceutical composition comprises a therapeutically effective amount
of a peptide conjugate, or a derivative thercof, and a pharmaccutically acceptable carrier,
diluent, excipient or combmation thereof, wherein the peptide conjugate or the derivative
thercof modulates the activity of two or more ye-cyiokines selected from the group consisting
of 1L 2, 1L 4, 1L 7, 1L 9, 1L 15, and 1L 21, whercin the peptide conjugate comprises the
amino acid sequence P-K-E-F-L-E-R-F-V-H-L-V-Q-M-F-I-H-Q-8-L-S (SEQ 1D NO: 3).



WO 2017/062685 PCT/US2016/055845

In some embodiments of the pharmaceutical composition, the peptide conjugate or the
dertvative thereof inhibits the activity of two or more Yo-cyvtokines selected from the group
consisting of L. 2, IL 4, 1L 7, IL 9, 1L 15, and 1L 21,

In some embodiments of the pharmaceutical composition, the peptide conjugate or the
derivative thereof further comprises an additional conjugate at the N termini, C termuni or a
side residues thereof, In some embodiments of the pharmaceutical composition, the peptide
conjugate or the denivative thereot further comprises a signal peptide.

In some embodiments, the pharmaceutical composition further compnises a protein
that stabilizes the structure of the peptide conjugate or the denvative thereof and improves its
biological activity, wherein the protem 1s selected from the group consisting of bovine serum
albumin (BSA), albumin, Fe region of imounoglobulin G (IgG). biological proteins that
function as scaffold, Poly Ethviene Glyeol (PEG), and derivatives thereof.

In some embodiments of the pharmaceutical composition, the derivative thereof
corprises a peptide sequence sharing at least 90% wdentity with the amino acid sequence of
SEQ D NO: 3. In some embodiments of the pharmaceutical composition, the derivative
thercof comprises a peptide sequence sharing at least 95% identity with the amino acid
sequence of SEQ H) NO: 3.

in some embodiments, a method for blocking signaling by two or more y¢ cytoking
family members is provided. In some embodiments, the method comprises contacting a cell
with a composite peptide and/or a pharmaceutical composition provided herein.

in some embodiments, a method of inhibiting ye cvtokine binding to a yc subunit is
provided. In some embodiments, the method comprises contacting a yo subunit of a cell with
a composiic peptide and/or a pharmaceutical composition provided bherein.

In some embodiments, a method of treating a vo cvtokine-mediated discase is
provided. In some embodiments, the method comprises adnunisicring a composite peptide
and/or a pharmaceutical composition provided herein to a subjoct in need thercof, wherein
the yc cytokine~-mediated discase is sclected from the group consisting of D4 leukemia,
D8 leukemia, LGL leukemua, systemic lupus ervthematosis, Sjégren's syndrome, Wegener's
granulomatosis, Celiac disease, Hashimoto's thyvroiditis, rheumatoid arthritis, diabetes
mellitus, psonasis, multiple sclerosis, uvietis, ntlammation of the cve, and grafi-versus-host
disease (GvHD).

in some embodiments, a method of treating an HTLV-1-associated myelopathy

{(HAM)/tropical spastic paraparesis (TSP} associated discase i1s provided. In some
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embodiments, the method comprismg administering a composite peptide and/or a
phammaceutical composition provided herein to a subject in need thereof, wheremn the
HAM/TSP associated disease 15 selected from the group consisting of Adult T-cell Leukemia
{ATL), HTLV-associated Myelopathy/Tropical Spastic Paraparesis (HAM/TSP), and other
non-neeoplastic inflammatory  discases associated with HTLVY such as wveitis (HU),
arthropathy, pneumopathy, dermatitis, exocrinopathy, and myositis.

In some embodiments, a method of treating an nflammatory respiratory discase is
provided. In some embodiments, the method comprising adnunistering a composite peptide
and/or a pharmaceutical composition provided herein to a subject in need thereof, wherem
the inflammatory respiratory disease is selected from the group consisting of asthma,
sinusitis, hay fever, bronchitis, chronic obstructive pulmonary disease (COPD), allergic
rhinitis, acute and chronic ofitis, and lung fibrosis.

In some embodiments, a method of treating a cosmetic condition is provided. In some
embodiments, the method comprismmg admimstening a composite peptide and/or a
phammaceutical composition provided herein to a subject in need thereof, wheremn the
cosmetic discase 1s selected from the group consisting of acne, hair loss, sunburn, nail
maintenance, and appearance of aging.

In some embodiments, a pharmaceutical composition for use in treating a condition m
a patient 1s provided. In some embodiments, the pharmaceutical composition comprises a
therapeutically effective amount of a peptide conjugate, or a denvative thereof, and a
phamaceutically acceptable carrier, diluent, excipient or combination thercof, wherein the
peptide conjugate or the derivative thereof modulates the activity of two or more ve-
cytokines selected from the group consisting of 1L 2, 1L 4, 1L 7, 1L 9, IL 15, and IL 21,
wherein the peptide conjugate comprises the amino acid sequence P-K-E-F-L-E-R-F-V-H-L-
V-Q-M-F-1-H~Q-S-L-8 (SEQ 1D NO: 3).

In some embodiments of the phammaceutical composition, the derivative thercof
comprises a peptide sequence sharing at least 90% identity with the amino acid sequence of
SEQ 1D NO: 3. In some embodiments of the pharmaceutical composition, the derivative
thercof comprises a peptide sequence sharing at least 95% identity with the amino acid
sequence of SEQ 1D NO: 3.

In some embodiments, a pharmaceutical composition 1s provided for use in treating a
ve cytokine-mediated discase, wherein the ye cytoking-mediated discase is selected from the

group consisting of CD4 leukemia, CD8 levkemua, LGL leukemia, systemic lupus
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ervthematosis, Sjogren's svndrome, Wegener's granulomatosis, Celiac disease, Hashimoto’s
thyroiditis, rheumatoid arthritis, diabetes mellitus, psonasis, multiple sclerosis, uvietis,
mflammation of the eve, and graft-versus-host disease (GvHD).

In some embodiments, a pharmaceutical composition 1s provided for use in treating an
HTLV-1-associated mvelopathy (HAMuropical spastic paraparesis (TSP}  associated
disease, wherein the HAM/TSP associated disease 1s selected from the group consisting of
Adult T-cell Leukemia {ATL), HTLV-associated Myelopathy/Tropical Spastic Paraparesis
{HAM/TSP), and other non-necoplastic inflammatory diseases associated with HTLY such as
uveitts (HU), arthropathy, pneumopathy, dermatitis, exocrinopathy, and myvositis.

In some embodiments, a pharmaceutical composition 1s provided for use in treating an
mflammatory respiratory disease, wherem the mflammatory respiratory disease 1s selected
from the group consisting of asthma, sinusitis, hay fever, bronchitis, chronic obstructive
pulmonary discase (COPD), allergic rhunitis, acute and chronie otitis, and lung fibrosis.

In some embodiments, a pharmaceutical composition is provided for use in treating a
cosmetic condition, wherein the cosmetic disease is selected from the group consisting of
acne, hair loss, sunbum, nail maintenance, and appearance ot aging.

In some embodiments, a kit for treating a condifion in a patient is provided. In some
embodiments of the kit, the condition is a vyc cytokine-mediated disease, an HTLV-I-
associated myelopathy (HAM)Y/iropical spastic paraparesis (TSP} associated discase, an
mflammatory respiratory disease, a cosmetic condition, or a combination thereof, the kit
comprising a pharmaceutical composition provided herein.

In some embodiments of the kit, the pharmaceutical composition comprises a
therapeutically effective amount of a peptide conjugate, or a derivative thercof, and a
phamaceutically acceptable carrier, diluent, excipient or combination thercof, wherein the
peptide conjugate or the derivative thereof modulates the activity of two or more ve-
cytokines selected from the group consisting of 1L 2, 1L 4, 1L 7, 1L 9, IL 15, and IL 21,
wherein the peptide conjugate comprises the amino acid sequence P-K-E-F-L-E-R-F-V-H-L-
V-Q-M-F-1-H~Q-S-L-8 (SEQ 1D NO: 3).

In some embodiments of the kit, the derivative thercof comprises a peptide sequence
sharing at least 90% identity with the amine acid sequence of SEQ 1D NO: 3. In some
embodiments of the kit, the derivative thereof comprises a peptide sequence sharing at least

95% identity with the anudno acid sequence of SEQ 1D NO: 3.
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In some embodiments of the kit, the condition 13 one or more of CD4 leukemia, CD8
feukemia, LGL leukemia, systemic lupus erythematosis, Sjdgren's Sjoegren’s syndrome,
Wegener's granulomatosis, Cehac disease, Hashimoto’s thyroidifis, rheumatoid arthritis,
diabetes mellitus, psoriasis, multiple sclerosis, uvietis, inflammation of the eve, grafi-versus-
host disease {(GvHD), Adult T-cell Leukemia (ATL), HTLV-associated Myelopathy/Tropical
Spastic Paraparesis (HAM/TSP), and other non-necoplastic inflammatory discases associated
with HTLY such as uveitis (HU), arthropathy, pneumopathy, dermatitis, exocrninopathy,
mvositts, asthma, sinusitis, hay fever, bronchitis, chronic obstructive pulmonary disease
{COPD), allergic rhunitis, acute and chronic otitis, and lung fibrosis, acne, hair loss, sunbum,

nail maintenance, or appearance of aging,

BRIEF DESCRIPTION OF THE DRAWINGS

{O020] Figure 1A shows an alignment of the D-helix region of human Ye-cytokime
farmily members.

{0021} Figore 1B depicts the ve-box (SEQ 1D NO: 10) and IL-2/1L-15 box (SEQ
1D NG: 11 motifs which give rise to the consensus sequence around the B-helix region of
the yo-cytokines.

j0022] Figure 2 depicts a diagramed representation of the biochemical propertics
of amino acids.

{0023] Figure 3A shows mhibition of {L~15 and 1L-9 activity by BNZ-y m a
PT-18 proliferation assay.

{0024} Figure 3B shows a proliferation assay of CTTL2 cells grown i the
presence of IL-2 or IL-15 and 0, 0.1, 1 or 10 uM BNZ-y.

{0025] Figure 3C shows inhibition of {l.~15-mediated tyrosine-phosphorylation
of STATS by BNZ—v.

{0026] Figure 4A shows an ex vive T-cell proliferation assay using HAM/TSP
peripheral blood. T-cell proliferation 1s mhibtied by addition of BNZ—y.

{00271 Figure 48 shows the population of CB4+-CD25+ cclls in an ex vivo T-cell
proliferation assay using HAM/TSP penpheral blood is diminished after adding BNZ—y to
the culture.

O028] Figure 4C shows the population of CD4+Ki67 cells in an ex vivo T-cell
proliferation assay using HAM/TSP penpheral blood 1s reduced after adding BNZ-v to the

culture.

G-
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{00291 Figure 4D shows the percent of live cells by Guava staining in an ex vivo
T-cell prohiferation assay using HAM/TSP peripheral blood 1s not impacted after adding
BNZ-yto the culture.

{0036] Figure 5 shows the alignment of the sequence of SEQ D NG: 3 to the
D-helix regions of different human ye-cviokine famiby members. The shaded arcas represent
amino acid scquences of the human ye-cvtokine family members that are identical to their

corresponding amino acids in the sequence of SEQ 1D NO: 3.

DETAILED DESCRIPTION
Overview

{00311 Morg than 100 cytokines have been identified so far and are considered to
have developed by means of gene duplications from a pool of primordial genes (See Bazan,
EF. 1990, hmmunol. Today 11:350-354). In support of this view, it is common for a groap of
cytokines to share a component in their multi-subunit receptor system.  The most well-
documented shared cvtokine subunit in T cells 1s the common v subunit {yc-subunit},

{0032] The yc-subunit 1s shared by 6 known cyvtokines (Interfeukin-2 (IL-2),
Interleukin-4 (114}, nterlevkin-7 (IL-7}, Interleukin-9 (IL-9}, Interleukin-15 (JL.-15}, and
Interleukin-21 {IL-21), collectively called the “ye-cviokines” or “ye-family cytokines™) and
plavs an indispensable role in transducing cell activation signals for all these cvtokines.
Additionally, for cach of the ye-cviokines, there are one or two private cyvtokine-specific
receptor subunits that when complexed with the ye-subunit, give rise to a fully functional
receptor. {Sec Rochman et al., 2009, Nat Rev Immunol. 9: 480-90.)

{00331 The ve-family cytokines are a group of mavunalian cvtokines that are
mainly produced by cpithelial, stromal and imowine cells and control the normal and
pathological activation of a diverse array of lymphocyies. These cytokines arc critically
required for the early development of T cells in the thymus as well as their homeostasis in the
peripherv. For example, in the absence of the ye-subunit, T, B and NK cells do not develop
m mice. (See Sugamura ctal., 1996, Annu. Rev. Immunol 14:179-205).

0034] The vye-cytokines are important players m the development of the
bymphoid cells that constibite the immune system, particularly T, B, and NK cells. Further,
ve~cytokines have been implicated in various human discases. Thus, factors that inhibit
ve-cytokine activity would provide usetul tools to clucidate the developmental mechanism of

subsets of lymphocytes and to treat immune disorders and ye-cyvtoking-mediated diseases.

.-
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j0035] Germ lime depletion of the genes encoding the ye-subunit in mice or
mutations of ye-subunit in humans are known to cause severe combined immumnodeficiency
(SCID) by disrupting the normal appearance or function of NK, T, and B cclis. The
maportance of the ye-subunit in the signal transduction of the ye-cviokmes, IL-2, 4, -7, -9,
15, -21, is indicated m studics demonstrating the a of response of lymphocyies from these
mice and human patients to the ye-cytokines (reviewed i Sugamura etal, 1995 Adv.
Immunol. 59:225-277y.  This indicates that disruption of the imtcraction between the
ve-subunit and a yo-cviokime would efficiently block the mitracellular signaling events by the
ye-cytoking family members. Therefore antagonist peptides according to the present
embodiments are expecied to effectively block the pathogenic changes in humans suffering
from the discases mediated by misregulation of the ye-cytokine family members.

{0036] As an altemative to antibody-mediated approaches for modulating the
activity of individual ye-cytokines, Applicants have devised novel, fow molecular weight
compounds heremn referred to as “Simul-Block™, which suppress the activity of multiple
Ye-cyiokines. These low molecular weight compounds, which include both chemicals and
peptides, are less immunogenic than antibodies. These properties distinguish Simul-Block as

amore cfficient strategy for mediating yo-cvtokine activity in chinical mterventions.

Pathologies Associated with the ve-Cvickings

{0037] Recent studies have indicated that dysrogulation of oxpression and
dvsfunction of the yc-cvtokines could lead to a wide variety of buman mamunologic and

hematopoictic diseases.

{0038] While IL-2 was historically considered a prototype T cell growth factor,
the generation of a knockout mouse lacking HL.-2 expression revealed that IL-2 is not critical
for the growth or developmental of conventional T cells in vive. Over-expression of 1L-2,
however, leads to a preferential expansion of a subset of T-cells; the regulatory T cells
{T-regs}. {Sec Antony ¢tal, 2006, J. Immunocl 176:5255-66) TF-regs suppress the imunune
responses of other cells and thus act to maiotain peripheral tolerance {reviewed in Sakaguchi
ctal, 2008, Cell 133:775-87).  Breakdown of peripheral tolerance is thought to cause

autoimmune diseases i humans.
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{00391 Thus, the vomunosuppressive function of T-regs is thought to prevent the
development of autoimmune diseases (See Sakaguchi et al., 2008, Cell 133:775-87). T-regs
have also been implicated in cancer, where solid tumors and hematologic malignancies have
been associated with clevated numbers of T-regs (Sce De Rezende ctal, 2010, Arxch.

Immunol. Ther. Exp. 58:179-190).

{3046] IL-4 1s a non-redundant cyviokine involved in the differentiation of T
helper cells into the Th2 (T-helper type 2} subsct, which promotes the differentiation of
premature B celis mto IgE producing plasma cells. IgE levels are clevated in allergic asthma.
Thus, 1L-4 1s mmplicated 1n the development of allergic Asthma. Antibodics targeting H.-4
can be used to treat or even prevent the onset of allergic asthma. {Seg Le Buanec et al | 2007,

Yaccing 25:7206-16.)

-7

{0041] 1E-7 1s essential for B cell development and the carly development of T
cells in the thymus.  In muce, the abnormal expression of IL-7 causes T-cell-associated
leukemia. (See Fisheretal , 1993, Leukemia 2:566-68y However, in humans, misregulation
of 1L-7 does not appear to cause T-cell-associated leukemia. In humans, up-regulation of

1L.-7 either alone or in combination with another ve-cvickine family member, {1.-15, has been

mnphlicated in Large Granular Lymphocyte (LGL) fenkemua,

L9

{0042] The role of IL-9 1s still rather uncharacterized compared to other
ve-cytokine famuly members. Mice depleted of the IL-9 gene appear normal and do not lack
any subsets of cells in the lymphoid and hematopoietic compartments.  Recent studies,
however, reveal an in vivo role for H.-9 in the generation of Thi7 (T-helper induced by
mierleukin-17) cells (See Littman et al,, 2010, Cell 140(6):845-38; and Nowak et al., 2009, I.
Exp. Med. 206: 1633-60).

IL-18
{0043] IE-15 s critically involved in the development of NK cells, NK-T cells,

some subsets of intragpithelial lymphocvtes (IELs), ¥0-T cells, and memory-phenotvpe CD8
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T-cells (See Waldmann, 2007, J. Chin. Immunol. 27:1-18; and Tagava etal., 1996, EMBO
F15:4928-39) Over-expression of 1L-15 in nuce leads to the development of NK-T cell and
CD8 cell type T cell leukemia (See Fehmger et al, 2001, J. Exp. Med. 193:219-31; Sato et al.
2011 Blood n press). These experimentally induced leukemias appear similar to LGL (large-
granular lyvmphocyte) leukemia 1n humans, since in both mstances the lenkemic cells express
CD8 antigen.

{0044] It is also suspected that [L-15-mediated autocrine mechanisms may be
mvolved in the loukemic transformation of CD4 T lvmphocvies. (Sece Azimi etal, 1998,
Proc. Natl. Acad. Sci. 95:2452-7; Azima ct al., 1999, J. Immunol. 163:40064-72; Azimi ct al.,
2000, AIDS Res. Hum. Retroviruses 16:1717-22; and Azimi et al., 2001, Proc. Natl. Acad.
Sci. 98:14559-64}). For example, CD4-tropic HTL V-1, which causes Adult T ccll leukenia in
humans, nduces autocrine growth of virus-transformed T cells through the production of
TL-15 and 1L~15Ra (Azimi et al., 1998, Proc. Natl. Acad. Sci. 95:2452-7),

{0045] In addition to leukemic transformation, recent studies mmphlicate 1L-15 in
the pathological development of Celiac disease {(CD). an auicimmune disease. 1L-15 is
known to stimulate the differentiation of NK, CD8 and intestinal intracpithehial lymphocyte
{(IEL} cells into lymphokine-activated killer (LAK}Y cells by indocing the expression of
cvtolvtic enzymes (te., Granzyme and Perforin} as well as mterforon~y. Celiac Disecase
(denoted CD from herein) 3 an immune-mediated enteropathy that is triggered by the
consomption of gluten-containing food 1n individuals that express specific HLA-DQ alleles.

[0046] The prevalence of this discase is 1% in the westem population. The only
current treatment for CD is the complete elimination of gluten from the patient’s diet. The
pathology of CD 1s mainly caused by extensive damage to the intestinal macosa, which is
caused by activated CDS8 T cells that have wfiltrated to the intestinal lamina propria. These
CDB T cells appear to be activated through mechanisms involving 1L-15. One recent
publication demonstrated in mice that ectopic over-expression of IL-15 by enterocytes leads
to the development of enteropathy, which closely resembles the lesions m CD patients.
Neutralization of IL-13 activity dramatically dimunished the pathological changes. Thus, an
miervention blocking the activation of CD8 T cells by HL-15 appears to provide an alternative

strategy in managing CD to the conventional gluten-free diet.
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I-21

J00347] IL-21 1g the most recently discovered member of the ye-family. Unhike
other family members, 1L-21 does not appear to have potent growth-promoting effects.
Instead, 1L-21 1s thought to function more as a differentiation factor than a factor controlling

cellular proliferation (See Tagava, 2010, 1. Leuk. Biol. 87:13-15).

Current Strategies for Treating ve-Cvickine-Mediated Phisorders

{0048] Because the ve-cviokines arc thought to be jnvolved in numerous human
discases, scveral methods of treating ve-cvtokine-implicated discases by  inhibiting
ve-cviokine family activities have been proposed.  These methods include the use of
cviokine-~specific monocional antibodies to neutralize the targeted cytoking’s activity in vivo,
use of monoclonal antibodies targeting the private cytokine-specific receptor subunits
{subunits other than the shared yc-subunit) to selectively inhibit cytokine activity; and usc of
chemical inhibitors that block the downstream mntracellular cvtokine signal transduction
pathway,

{0049] While cviokine-specific antibodies are often the first choice in designing
therapeutics, cyvtokines that share receptor components display overapping functions (See
Paul, W E., 1989, Cell 57.521-24) and more than one cvickine can co-cperaie to cause a
discase {see example descabed below}. Thus, approaches involving newtralization of a single
cvtokine may not be effective in the treatment of cyiokine-implicated human diseases.

{0056] Strategics for designing therapeutics that inhibit the fumction of multiple
cvtokines via antibodics which recognize a shared receptor component have also been
proposed. However, the multi-subunit nature of cvtokine receptor svstems and the fact that
functional receptors for a single cviokine can assume different configurations makes this
approach difficult.

{0051 For example, a functional 1L~15 receptor can be either IL-15RP/ye or
IL-13Ra/Bive.  (See Dubois et al, 2002, Immunity 17:537-47) An antibody against the
TL-15RP receptor (TMPB1), 18 an efficient mhibitor of the 1L-15 function, but only when the
IL-13Ra molecule is absent from the receptor complex. (See Tanaka etal, 1991, J.
Imnumol. 147:2222-28} Thus, the effectivencss of a monoclonal anti-receptor antibody,
whether raised against a shared or a prnivate subunit, can be context-dependent and is

unpredictable in vivo.
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{0052 Although clinical use of monoclonal antibodics against biologically active
factors or receptors associated with the pathogenesis of diseases is an established practice,
there are few demonstrations of successful outcomes.  Morcover, establishment of a
climicallv-suited monoclonal antibody treatment is a long and difficult process, with the
successful generation of a neutralizing antibody largely a matter of luck. For example, duc to
the critical importance of the yo-subunit in mediating signaling by ye-family cyiokines, many
attempts to generate polvelonal and monoclonal antibodies against the ye-subunit have been
made and there exist many coromercial antibodies recognizing the ye-subunit in mice and in
humans. Curniously, however, none of these anti-yc-subunit antibodies block the function of
the ye-cyiokines.

{0053] Another problern with the therapeutic use of monoclonal antibodics is that
monoclonal antibodies are usually generated by immunizing rodents with human proteins, so
the generated antibody is a foreign protein and thus highly immunogenic. To circumvent this
problem, the amino acid sequence of the monoclonal antibody is molecularly modified so
that the antibody molecule is recognized as a human tmmunoglobulin {a process called

humanization), but this process requires time and ¢xpense.

Tarceting JAK3. as an FExistine Altemative Example for the Inhibition of Multiple

ve-gviokings

{0054] The imteraction between the ye-subunit and a yo-cyviokine leads to the
activation of an mtracellular protem tyrosine kinase calied Janus kinase 3 (Jak3). Jak3 m
tarn, phosphorylates multiple signaling molecules tncluding STATS, and PI3 kinase. The
mteraction of the ye-subunit and Jak3 is very specific. In fact there is no other receptor
molecule that recnnts Jak3 for signal transduction.  (See ("Shea, 2004, Apn. Rheum. Dis.
63:(suppl. 1H:1167-7} Thus, the inhibition of cyvtokine signaling through the yo-subunit can
be accomplished by blocking the activity of Jak3 kinase. Accordingly, multiple chemical
mhibitors that target the kinase activity of Jak3 have been wiroduced to the market. (See
Pesu et al, 2008, Immumol. Rev. 223:132-142 ) One such example is CP690,550.

[0055] The major shortcoming of these protein kinase mhibitors 18 the lack of
specificity to Jak3 kinase. These drugs imtercept the binding of ATP {(adenosine-
triphosphate} molecules to Jak3 kinase, a common biochemical reaction for many protein
kinases, and thus tend fo block the action of multiple mtraceliular protem kinases that are

unrelated to Jak3 kinase whose actions are critically needed for the well-being of normal ceils
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i various tissues. Thus, more specific inhibitors of signalimg throagh the ye-subunit are
needed.
{0036] There 1s therefore a great need for an alternative strategy for treafing

ve-cyvtokine-implicated discases.

Discovery of the ve-box

{057) The C-terminus (the D-helix) of the ve-cytokines contains the propose
stie for interacting with the common ye-subunit of the multi~umit cyiokine receptors.
{Bemard etal, 2004 J Biol Chem. 279:24313-213) Comparison of the biochenucal
propertics of the amino acids of all yo-cytokines identified in mice and humans revealed that
the chemical nature of the amino acids, for example, hydrophobicity, hydrophilicity,
base/acidic natare, arc conserved, if not identical, at many positions in the B-helix across the
members of the ye-cytokine fanuly.

{0058] In contrast, the sequence of 1L-13, which is related to the ye-cyvtckine,
1E-4, but does not bind to the yo-subunit, does not exhibit significant homology in the D-helix
region to the ye-cytokines, suggesting that the sequence homology in the B-helix region is
correlated with binding to the ye-subunit.  As shown i Figore 1A, alignment of the amino
acid sequences of the D-helix region of ye-cviokine family members in humans reveals a
motif of moderate sequence homology in these cytokines referred to herein as “the ye-box”,

{0059] The ye-box (SEQ 1D NO: 10) comprises 19 amino acids where out of the
19 positions, positions 4, 5, and 13 are fully conserved as Phenyilalanine, Leucine, and
Glutamine, respectivelv. Less conservation is observed at positions 6, 7 and 11 of the ye-box
where the amino acid is one of two or three related amino acids that share phvsico-chemical
propertics: position 5 may be occupied by the polar amino acids Ghutamate, Asparaging or
Glutamine; non-polar amino acids Serine or Arginine can occupy position 7; and position 11
is occupied by either of the non-polar aliphatic amino acids Leucine or Isoleucine. Positions
O and 16 may be cocupied by the either the non-polar amino acid Isoleucine or the polar
aming acid Lysine. See Figure 1B. Some differences in the amino acid composition of the
ve-box arc obscrved at positions 9 and 16 amongst subfamilies of the yc-cyiokines.
Comparison of the ye-cytokines across species indicates that Isoleucine is often present at the
9 and 16 positions in the 1L-2/135 subfamily, whereas the other yo-family members often

possess Lysine n these positions. Not wishing to be bound bv a particular theory, Isoleucing
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and Lysine are biochemically different and thus may impart specific conformational
differences between the IL-2/15 subfamily and other ve-cytokines.

{0060] Conservation of the ye-box motif between ve-cviokines is supported by
findings that an Glutamine {(Gin, Q) residue located in the D-helix region is critical for the
binding of the we-cytokines to the ve-subunit. (Bemard etal, 2004 J. Biol. Chem. 279
24313-21

Peptide Inhibitors of ve-Cviokine Activity

061] The activity of ye-family cyvtokines mav be blocked by disrupting the
mteraction between the vyo-cyvtoking and the vye-subunit, for example by introducing a
competitive inhibitor which can interact with the Yo-subunit without stimulating signaling
through the multi-subunit cytokine receptors. Not to be bound by a particular theory, the
conserved ye-box motif, which participates in binding of the yo-family cviokines to the
ye-subunit, presents a core base amino acid sequence which can be utilized to design peptide
mhibitors of ye-cviokine signaling.

{0062] The core ye-box amino acid sequence comprises: D/E-F-L-E/Q/N-S/R-X-
VR-X-L/A-X-Q (SEQ ID NO: 2) (where X denotes any amino acid). At least some
embodiments described herein relate to custom peptide derivatives of the core ye-box aming
acid scquence which can inhibit the activity of one or more Ye-cvtokines. Custom peptide
derivatives include any peptide whose partial amino acid sequence shows approximately
50%, 50-60%, 60-70%, T0-80%, 80%, 90%, 95%, 97%, 98%, 99% or 99.8% identity 1o the
core ye-box amino acid sequence. Custom peptide denvatives further include any peptide
wherein a partial amino acid sequence of that peptide derivative comprises amino acids with
similar physico~chemical properties to the amino acids of the core ye-box. For example,
amino acids with similar physico-chemical propertics would include Phenvialanine,
Tyrosine, Tryptophan, and Histidine, which are aromatic amino acids. Figure 2 shows a
diagramimed representation of amino acids with similar physico-chemical properties which
mayv be may be substituied for the amino acids comprising the core ye-box.  Peptide
derivatives of the core ye-box may be 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 24, 25-30,
3035, 35-40, 40-45, 45-50, or more than 50 amino acids in length. In some embodiments, the
custom peptide derivatives mav be conjugated to the N-termini, C-terminm and/or to the side

residues of existing biological proteins/peptides.
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0063] Based on the identification of the conserved ye-box motif n cyvtokines
which bind to the vye-subanit, Applicants have devised a novel, 19-mer custom derivative
peptide which 1s an artificial composite peptide combining the amino acid sequence of the
human [L-2 and {L-15 w-box. The 19-mer peptide, herein referred to as BNZ-y, consists of
the amino acid sequence: I-K-E-F-L-Q-R-F-LH-AE-V-Q-5-1--N-T-5 (SEQ ID NG: 1), where
the amino acids depicted by bold characters are conserved between IL-2 and L-15 and the
paderlined aming acids represent positions where the physico-chemical properties of the
amino acids are conserved.

{0064] Applicants discovered that the 19-mer BNZ-~y, suppresses {1L.-15 and 1L-9
mduced celhular proliferation, but not H-3 or IL-4 induced cellular prohiferation. See Figure
3A and EXAMPLE 2. Apphcants further demonstrated that BNZ-y inhibits {1.-15 mediated
phosphorviation of the intracellular cviokine signal transduction molecule, STAT-5. See
Figure 3C and EXAMPLE 5. These results demonstrate that custom peptide derivatives of
the conserved yo-box motif can inhibit the activity of multiple ye-¢cvtokines.

[165] Several embodiments relate to custom denvative peptides of the 19-mer
BNZ-y amino acid sequence, -K-E-F-L-Q3-R-F-I-H-I-V-Q-85-I-[-N-T-§ (SEQ ID NO: 1),
which can inhibit the activity of one or morg Ye-cyvtokings. Custom peptide derivatives of the
19-mer BNZ-y amino acid sequence include any peptide whose partial amino acid sequence
shows approximately 50%, 50-60%, 60-70%, 70-80%, 80%, 90%, 95%, 97%, 98%, 99% or
99 8% identity to amino acid sequence: I-K-E-F-L-Q-R-F-J-H-I-V-Q-5-I--N-T-5 (SEQ 1D
NGO 1), Custom peptide derivatives further include anv peptide wherein a partial aminoe acid
sequence of that peptide derivative comprises aming acids with similar physico-chemical
properties to the amino acids of sequence:; [-K-E-F-L-Q-R-F-I-H--¥V~Q-S-1--N-T-5 (SEQ 1D
NGO 1), In several embodiments, the amino acid residues of the custom derivative peptides
retain similar physico-chemical properties with the amino acid residues of BNZ-v, but exhibit
different biological inhibition specificity to the 6 ye-cyviokine family members from that of
the original 19-mer peptide. Peptide derivatives of BNZ-ymay be 19, 20, 21, 22, 24, 25-30,
30-35, 35-40, 40-45, 45-50, or more than 50 amino acids in length. In some embodiments,
the custom peptide denivatives mav be conjugated to the N-termini, C-termimt and/or to the
side residues of existing biological proteins/peptides.

{0066] Several embodiments relate to custom peptide derivatives of the ye-box

motify of 11-15, 1.2, 1L-21, 114, IL-9, or IL-7, which are depicted in Figure TA. Other
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embodiments relate to custom denvative peptides which are artificial composite peptides
combining the amino acid sequence of two or more of the buman IL-15, 1L-2, 1L-21, 1L-4,
IL-9, and IL-7 w-box motifs. Several embodiments relate to custom peptide derivatives of
the of the yc-box motifs of [L-13, 112, IL-21, 114, 119, or IL-7 having a partial amino acid
sequence that shows approximately 50%, 50-60%, 60-70%, 70-80%, 80%, 90%, 95%, 97%,
98%, 99% or 99.8% identity to amino acid sequences of the of the ye-box motifs of TL-15,
L2, 1L-21, IL-4, TL-9, or IL-7. Custom peptide denvatives of the of the ve-box motfs of
W-15) 1L-2, TL-21, B4, 1L-9, or IL-7 further include any peptide wherein a partial amino
acid sequence of that peptide denvative comprises aming acids with similar physico-chemical
propertics to the amino acids of sequence of the ye-box motifs of 1L-15, IL-2, IL-21, [L-4,
1L-9, or 1L-7.

{00671 Several embodiments relate to custom peptide dertvatives that would
ihibit the function of one, all, or selective members of the yw-cytokines. In some
embodiments, the custom peptide denvatives selectively target individual yo-cytokine family
members. For example, a custom peptide derivative can selectively mhibit the fonction of
-2, 1L-4, 1L-7, IL-9, IL-15, or IL-21. In other embodiments, a custom peptide derivative
can inhibit 2 or more Ye-cytokine family members.

{0068] For example, the custom peptide derivatives of the present embodiments
can selectively inbibit the function of 1L-2 in combination with one or more of 1L-4, 1L-7,
IL-9, 1L-15, and 1L-21; IL-4 in combination with one or more of IL-7, HL.-9, 1L-15, and
IL-21; IL-7 in combination with one or more of IL-9, 1L-15, and {L-21; IL-9 in combination
with one or more of 1L-2, 114, 1L-7, 1L-15, and 1L-21; §L.-15 in combination with one or
more of 1L-2, L4, 11-7, 1L-9, and §1L.-21; or IL-21 in combination with one or more of 1L-2,
4, 1L-7, IL-9, and [L-15. In other embodiments, custom peptide derivatives can
comprehensively target all ye-cyvtokine family members.

{0069] Not wishing to be bound by a particular theory, the custom peptide
derivatives can inhuibit the function of all or sclective members of the ye-cvtokines by
dinunishing the binding of ye-cvtokines to the ye-subunit, for example, as a competitive
mwhibitor. Such custom peptide derivatives may be used in diverse applications, including as
a chinical drug.

{070] Several embodiments relate to cusiom peptide dernivatives that would

modulate (ncluding enhance or reduce) the function of one, two, or more of selective
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members of the ve-cytokines.  In some embodiments, the custom peptide derivatives
selectively target individual ye-cvickine family members. For example, a custom peptide
dernivative can selectively enhance or mhibit the function of {L-2, IL-4, IL-7, IL-9, IL-13, or
1L.-21. In other embodiments, a custom peptide derivative can enhance or inhibit two or more
ve-cytokine family members. In certain embodiments, custom peptide derivatives may
comprise P-K-E-F-L-E-R-F-V-H-L-V-Q-M-F-I-H-Q-5-L-5 (§EQ 1D NO: 3), which can
enhance or inhibit the activity of one, two or more of ye-cytokines. In certain embodiments,
custom peptide derivatives may compnse P-K-E-F-L-E~-R-F-V-H-L-V-Q-M-F-I-H-(Q-8-L-5
{(SEQ 1D NG: 3), which can inhibit the activity of at least IL-15 and 1L-21.

{00711 In some embodiments, custom peptide derivatives may include any peptide
whose partial amino acid sequence shows approxamately 50%, 30-60%, 60-70%, 70-80%,
B0%, 90%, 95%, 97%, 98%, 99% or 99.8% ideuntity to amino acid sequence; P-K-E-F-L-E-R-
F-¥Y-H-L-V-3-M-F-I-H-{3-5-1-§ {(S§EQ ID NO: 3). Custom peptide derivatives further
mclude any peptide wherein a partial amino acid sequence of that peptide derivative
comprises amine acids with simiar physico-chemical properties to the amino acids of
sequence’ P-K-E-F-L-E-R-F-V-H-L-V-Q-M-F-I-H-Q-5-L-5 (§EQ 1D NO: 3).

10072] In several embodiments, the amino acid residues of the custom dertvative
peptides retain similar physico-chemical properties with the aming acid residues of P-K-E-F-
L-E-R-F-V-H-L-¥V-3-M-F-1-H-(3-S-L-5 (SEQ D NG 3}, but exhubit different biclogical
mhibition specificity to the 6 ye-cvtokine family members (1e. 1L-2, 1L-4 [E-7, 1L-9, 11153,
or [L-21) from that of the original peptide of P-K-E-F-L-E-R-F-¥-H-L-V-Q-M-F-I-H-Q-5-L-
S (SEQ 1D NG: 3). Peptide derivatives of the sequence of P-K-E-F-L-E-R-F-V-H-L-V-(}-M-
FI-H-Q-8-L-S (SEQ ID NG: 3) may be 19, 20, 21, 22, 24, 25-30, 30-35, 35-40, 40-45,
45-30, or more than 30 amino acids in length.

{0073] In some embodiments, the custom peptide derivatives may be conjugated
to the N-erpuni, C-ermunt and/or to the side residues of existing biclogical
proteins/peptides.  In some embodiments, the composite peptide of SEQ ID NO: 3 may be
comjugated to other moictics through the N-terminus, C-terminous or side chains of the
composite peptide. The other moictics may include proteins or peptides that stabilize the
composite peptide, or other moictics, including without limitation, bovine scrum albumin
(BSA), albumin, Kevhold Limpet Hemocvanin {KLH), Fc region of Ig(s, a biological protein
that functions as scaffold, an antibody against a ccll-specific antigen, a receptor, a ligand, a

metal ion and Poly Ethylene Glveol (PEG).
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{0074] The termas "oligopeptide,” "polypeptide.” "peptide,” and "protein” can be
used interchangeably when referming to the costom peptide derivatives provided
accordance with the present embodiments and can be used to designate a series of anmino acid
residucs of any length. Peptides according to the present embodiments may also contain non-
natural amino acids. Linker clements can be jomed to the peptides of the present
embodiments through peptide bonds or via chemical bonds. The peptides of the present
embodiments may be lincar or cvclic, and may include (I3) as well as (L) amino acids.

{0075] Peptides of the present embodiments may also contain one or more rare
amino acids (such as 4-bvdroxyproline or hydroxylysine}, organic acids or anudes and/or
derivatives of common amine acids, such as amino acids baving the C+erminal carboxylate
esterified (e.g., benzyl, methyl or ethyl ester) or amidated and/or having modifications of the
N-terminal amine group {¢.g., acetyvlation or alkoxycarbonylaming), with or without any of a
wide variety of side chain modifications and/or substitutions {¢.g., methylation, benzviation,
t-butylation, tosylation, atkoxycarbonylaming, and the like).

{0075] Residues other than common aming acids that may be present include, but
are not limited to, penicillamine, tetramethylene cysteine, pentamethylene cysteine,
mercapiopropionic  acid, pentamethvienc-mercaptopropionic  acid, 2-mercaptobenzene,
Z-mercaptoanitine, 2-mercaptoproline, orpithine, diaminobutyric acid, aminoadipic acid,
m-aminomethyvibenzoic acid, and diaminopropionic acid.

10077] Peptides of the present embodiments can be produced and obtained by
various methods known to those skilled in the art. For example, the peptide may be produced

by genetic engincering

pp)

based on the nucleotide sequence coding for the peptide of the
present embodiments, or chemically synthesized by means of peptide solid-phase synthesis
and the Iike, or produced and obtained in their combination.

{r78] One skilled 10 the art can synthesize the custom peptide derivatives based
on the present disclosure of the conserved ve-box motif and knowledge of the biochemical
properties of amino acids as desenibed m Figure 2. Some embodiments also relate to
polynucleotides comprising nucleotide sequences encoding the peptides of the present
mvention.  "Nucleotide sequence,” "polvnucieotide,” or "nucleic acid” can be used
mterchangeably, and are understood to mean either double-stranded DNA, a single-stranded
DNA or products of transcrption of the said DNAs (c.g., RNA molecules). Polymucieotides
can be admimistered to cells or subjects and expressed by the cells or subjects, rather than

administering the peptides themselves. Several embodiments also relate to genetic constructs
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comprising a polynucleotide sequence encoding the peptides of the present invention.
Genetic constructs can also contain additional regulatory elements such as promoters and

enhancers and, optionally, selectable markers.

Methods of treating Yo-cvickine mediated diseases

{0079] Several embodiments relate to the use of ye-antagonist peptides in the
treatment of ye-cviokine mediated discases. Use of custom peptide derivative according to
the present crbodiments allows for flexibility in the design of the therapeutic agent (custom
design of the peptide) and enables more comprehensive outcomes, which would not be
accomplished by conventional strategics emploving anti-cyviokine or anti-cytoking receptor
antthodies.

{0080] Descrbed herein is a novel method of blocking the action of ye-family
cytokines,  Soch manipulations can vield effective methods of clinical mterventions in
treating discases related to the dysregulation or dysfunction of ye-cytokines. Examples of
discase that may be treated by disrupting the interaction between the vo-cyviokine and the
ve-subunit include autommmune discases such as systemic lupus eryvthematosis, Sjdgren's
syndrome, Wegener's granulomatosis Celiac  disease, Hashimoto™s or auto-immune
thyroiditis; collagen diseases inclading rtheumatoid arthnitis, inflammatory bowel disease,
diabetes mellitus, avtoimmune diseases of the skin such as psoriasis; degenerative neuronal
diseases such as muoltiple sclerosis, uvietis or inflammation of the eve and sympathetic
ophthalmia, graft-versus-host discase (GvHD) and myasthenia gravis.

{00811 In some embodiments, the yo-antagonist peptides described herein may be
used i the treatment of 1- Homan T-cell Lymphotropic type T and U (HTLV-1 and HTLV-
M}-assoctated  diseases  mchuding  Adult T-cell Leukemia (ATL), HTLV-associated
Myelopathy/Tropical  Spastic  Paraparesis  (HAM/TSP), and other non-neoplastic
mflammatory diseases associated with HTLY such as aveitis (HU), arthropathy,
poeumopathy, dermatitis, exocrinopathy and myositis. In some embodiments, the
vyo-antagonist peptides described herein may be used in the treatment of other viral diseases
such as influenza, ATDS, HBV and Herpes or parasitic discases.

0082] In several embodiments, the ye-antagonist peptides may be admimistered

before, during, and or atier transplantation of vanous organs as an immunosuppressant agent.
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0083] In some embodiments, the ye-antagonist peptides described herein may be
used in the treatment of immunc-mediated discases such as asthma and other mflammatory
respiratory discases, such as, but not limited to sinusitis, hay fever, bronchitis, chronic
obstructive pulmonary disease {(COPD), allergic rhimitis, acute and chronic otitis, lung
fibrosis. In some embodiments, ye-antagonist peptides may be adounistered to treat or
prevent allergic reactions duc to cxposure to allergens, chemical agents or other conunon
causes of acute respiratory disease. In some embodiments, ye-antagonist peptides may be
administered to treat or prevent inflanumatory responses caused by viruses, bacteria, chemical
rcagents, and biochemical reagents.

{0084] In several embodiments, the Ye-antagonist peptides may be administered to
treat some types of malignancies such as LGL-leukemia, Intracpithelial lvmphoma and
leukemia in  Refractory Cehac Disease, NK  leukemia/lymphoma and NK-T
leukemia/lymphoma

{0085] In some embodiments, custom peptide derivatives according to the
embodiments described herein can be used for cosmetic purposes, such as the treatment of
acne, hair loss, sunburn and nail maintenance, included to ointment as anti-aging component
because of the anti-inflammatory nature of them.

0086] Several embodiments relate to therapeutic antagonist peptides that would
mhibit the function of all or selective members of the yo-cytokines. In some embodiments,
therapeutic antagonist peptides selectively inhubit individeal ye-cyvtokine family members
{custom peptides). In other embodiments, therapeutic antagonist peptides can
comprehensively inhibit all ye-cytoking family members (Simol-Block) In some
embodiments, therapeutic antagonist peptides selectively inhibit subsets of the ye-cytokines.
Not wishing to be bound by a particular theory, the peptide antagonists can inhibit the
function of all or sclective members of the ye-cviokines by diminishing the binding of
ve-cytokines to the ye-subumnit, for example, as a competitive inhibitor.

{00871 Several members of the yo-cytokine family, 1L-2, 1L-7, and IL-135, but not
1L-4 have been implicated as being involved in graft versus host disecase (GvHD) in an
experimental mouse model. (Miyagawa etal. 2008 J. Immunol 181:1109-19) One
embodiment relates to the use of therapeutic antagonist peptides that selectively wnhibit IL-2,
1L-7, and 1L-15 activity for the treatment of GvHD in humans, allowing survival of the

grafted tissues or bone marrow cells. Other embodiments relate to the use of therapeutic
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antagonist peptides that selectively inhubit a combination of IL-2 and 1L-7, 1L-2, and 1L-15,
or {L-7 and [L.~15 to treat GvHD, Other embodiments relate to the use of a combination of
therapeutic antagonist peptides that selectively intubst [L-2, [L-7, or IL-15.

{0088] Some embodiments relate to the use of therapeutic antagonist peptides that
selectively mhibit -2 function for the treatment of autoimmune disorders where T-regs
have been implicated as playing a role. In some embodiments, peptide-mediated inhibition of
T-regs can enhance the natural anti-cancer tromunity in humans, providing a novel maeans of
anti-cancer therapy.

{0089] Several embodiments relate to the use of therapeutic antagonist peptides
that selectively mhibit IL-4 1o treat asthma.

{0090] Some embodiments relate to the use of therapeutic antagonist peptides that
selectively mhibit 117 ¢ither alone or in combination with therapeutic antagonist peptides
that selectivelv ohibit the ye-cvtokine family member, 1L-13, as a therapeutic agent for LGL
leukemia. I some embodiments therapeutic antagonist peptides that selectively inhibit both
IL-7 and IL-15 activity can be used fo treat LGL levkemia. Several embodiments relate to
the use of BNZ~y to treat LGL leukemia. I some embodiments, specific yo-antagonist
peptides that selectively H-15 alone or specific ye-antagonist peptides that selectively 1L-15
and IL-7 are used as a therapeutic agent for UD4/CDE T lymphocvic-associated leukemia
mehiding that caused by the HTLV-L

0091] Several embodiments relate to the use of ye-antagonist peptides that
selectively inlubit the activity of IL-9, either alone or m combination with the other
Yo-cviokine family members, as a therapeutic agent for haman diseases that involve the
abnommal development of Th17 cells.

{0092} Several embodiments relate to the use of therapeutic antagonist peptides
that selectively mhbibit 1L-13 activity as a therapeutic agent for treating CD. One recent
publication suggested that H.-21, in addition to IL-15, may play a role in CD pathogenesis.
{Sec Bodd et al, 2010, Mucosal Immunol. 3:594-601.) This suggests that optinwum treatment
of CD bv conventional anti-cvtokine or cytokine-receptor antibodics would benefit from a
combination of at least two antibodies recognizing component that belong to the [.-15 and
1L-21 systems. In some embodiments, custom denvative antagonist peptides that selectively
mhibit both 1L-15 and 1L-21 activity arc used as a therapeutic agent for treating CD.

0093] In addition to having therapeutic applications, Ye-antagonist peptides have

applications in consumer products as well,  Several embodiments relate to the use of
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ve-antagonist peptides in skin care products such as anti-aging, anti-inflammatory, anti-acne,
and other related applications. Some embodiments relate 1o the use of yo-antagonist peptides
i hair products as anti-hair loss ingredient to treat hair loss caused by autoimmune disorders.

{3094] Another embodiment relates to the development of chemical compounds
{non-peptide, non-protein) that have a spatial structure which resembles the 19-mer amino
acid sequence I-K-E-F-L-Q-R-F-I-H-I-V-Q-5-1-1-N-T-8 (SEQ 1D NO: 1) and can fit into the
pocket of the ye-subunit to structurally hinder the access of a ye-cytokine to the ye-subunit for
binding. Scome embodiments relate to the use of structurally simular chemical compounds as
mhbibitors of ye-cyvioking activity.  Such molecular numicry strategy to further refine the
development of synthetic compounds resembling in strocture to existing biological
peptide/proteins 18 described in Orzaez et al, 2009 Chem. Med. Chem. 4:146-160. Agqcther
embodiment relates to admimstration of chemical compounds (non-peptide, non-protein} that
have a resembling 3D structure as the 19-mer aming acids sequence -K-E-F-L-(3-R-F-I-H-I-
V-3-5-1-1-N-T-8 (SEQ 1D NO: 1) to treat ye-cyioking-mediated discases.

{0095] Several embodiments relates to the administration of a peptide of amino
acid sequence [K-E-F-L-QG-R-FI-H-I-V-Q-8-BI-N-T-§ (SEQ D NO: 1) to treat
ve-cytokine-mediated diseases.  Another embodiment relates to the administration of
derivative peptides of amino acid sequence WK-E-F-L-Q-R-F-{-H-[-V-Q-S-1--N-T-5 {(SEQ
1D NG: 1), wherein the amimo acid sequence of the denivative peptide has similar physico-
chemical propertics as a peptide of the amino acid sequence K-E-F-L-Q-R-F-[-H-1-V-Q-5-
LE-N-T-S (KEQ 1D NG: 1), but has distinet biological activity, to treat ve-cvioking-mediated
diseases. Another embodiment relates to adounistration of a peptide of amimo acid sequence
FK-E-F-L-QG-R-F-I-H--V-G-5--EN-T-8 (SEQ 1D NO: 1) conjugated to the N- and
C-termim or to the side residues of exusting biological proteins/peptides into patients to treat
ve-cytokine-mediated discases.

{0096] Several embodiments relate to admimstration of polvclonal and
monoclonal antibodies raised against a peptide comprising of amino acid sequence -K-E-F-
L--R-F-1-H-I-V-Q-5-1-I-N-T-8 (SEQ ID NO: 1) mto patients as an immunogen 1o treat
ye-cytoking-mediated discases. Another embodiment relates to administration of polvelonal
and monoclonal antibodics that were raised against derivative peptides of amino acid
sequenge BRK-E-F-L-Q-R-F-I-H-I-V-Q-5-1-1-N-T-5 (SEQ 1D NG: 1) wherein the amino acid
sequenee of the dernivative peptide has similar physico-chemical properties as a peptide of the

amino acid sequence -K-E-F-L-Q-R-F-[-H-I-V-Q-5--1-N-T-8 (S8EQ 1D NO: 13, but has



WO 2017/062685 PCT/US2016/055845

distinet biclogical activity, into patients as an immunogen to treat Yo-cvtokine-mediated

diseases.

Administration of ye-antagonist peptides

1097] The present embodiments also encompass the use of Yyc-antagonist
peptides for the manufacture of a medicament for the treatment of a discase. The present
embodiments also encompass a pharmaceutical composition that includes ye-antagomst
peptides 10 combination with a pharmaceutically acceptable carrier. The pharmaccutical
composition can include a phammaccutically acceptable carner and a non-toxic
therapeutically effective amount of yc-antagonist peptides, or other compositions of the
present cmbodiments.

{0098] The present embodiments provide methods of using pharmaceutical
compositions comprising an effective amount of antagonists for yo-cytokines in a suitable
diluent or carrier. A yc-antagonist of the present embodiments can be formulated according
to known methods used to prepare pharmaceutically useful compositions. A yo-antagonist
can be combined in admisture, either as the sole active matenal or with other known active
matenals, with pharmaceutically suitable diluents {e.g., phosphate, acetate, Tris-HCI),
preservatives {¢.g., thimerosal, benzyl alcohol, parabens), emulsifving compounds,
solubilizers, adjuvants, and/or carrners such as bovine serum albumin.,

{0099] Suitable carricrs and their formulations are descrnibed i Remington's
Pharmaceutical Sciences, 167 ed. 1980 Mack Publishing CO.  Additionally, such
compositions can contam a ye-antagonist complexed with polvethylene glycol (PEG), metal
tons, or incorporated into polymeric compounds such as polyacetic acid, polyglveolic acid,
hvdrogels cic., or incorporated into liposomes, microemulsions, micelles, vnilamellar or
multifamellar vesicles, ervthrocyte ghosts, or spheroblasts. Such compositions will influence
the physical state, solubility, stability, rate of in vivo release, and rate of in vivo clearance or
a yc-antagonist. A “-antagonist can be comjugated to antibodies against cell-specific
antigens, receptors, ligands, or coupled to ligands for tissug-specific receptors.

{0106] Methods of administrating ye-antagonists of the present embodiments may
be selected as appropriate, depending on factors, such as the type of diseases, the condition of
subjects, and/or the site to be targeted. The vyo-antagonists can be administered topically,

orally, parcnterally, rectally, or by inhalation. The term “parenteral” includes subcutaneouns
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mjections, intravenous, Intramuscular, intraperitoneal, intracisternal injection, or infusion
technigues. These compositions will typically inclade an effective amount of a ye-antagonist,
alone or in combination with an effective amount of any other active maternial.

{0101] The amount of the peptide contained in pharmaccutical compositions of
the present embodiments, dosage form of the pharmaceutical compositions, frequency of
administration, and the like mayv be sclected as appropriate, depending on factors, such as the
type of diseases, the condition of subjects, and/or the site to be targeted. Such dosages and
desired drug concentrations contained in the compositions mav vary affected by many
parameters, including the intended use, patient’s body weight and age, and the route of
administration. Pilot studies will first be conducted using animal studies and the scaling to
human admiustration will be performed according to art-accepted practice.

{0102} In one embodiment, host colls that have been genetically modified with a
polynucleotide encoding at least one ye-antagonist peptide are administered to a subject to
treat a proliferation disorder and/or to reduce the growth of malignant cells.  The
polymucleotide is expressed by the host cells, thereby producing the peptides within the
subject. Preferably, the host cells are allogeneic or autogeneic to the subject.

{0103] In a further aspect, yc-antagonist peptides can be used in combination with
other therapies, for example, therapies mhibiting cancer cell proliferation and growth. The
phrase "combination therapy” embraces the administration of yc-antagonist peptides and an
additional therapeutic agent as part of a specific treatment regimen intended to provide a
beneficial effect from the co-action of these therapeutic agents. Admimstration of these
therapeutic agents in combination typically is carmried oot over a defined time period (usually
minuies, hours, davs or weeks depending upon the combination selected).

[0104] A combmation therapy is intended to embrace admimstration of these
therapeutic agents m a sequential manner, that is, wherein cach therapeutic agent is
administered at a different time, as well as administration of these therapeutic agents, or at
cast two of the therapeutic agents, in a substantially simultancous manner. Substantially
simultancous administration can be accomplished, for exampile, by admimistering to the
subject a single capsule having a fixed ratio of each therapeutic agent or in multiple, single
capsules for cach of the therapeutic agents. Sequential or substantially simultaneous
administration of ecach therapeutic agent can be effected by an appropriate route including,
but not himited to, oral routes, mitravenous routes, tramuscular routes, and direct absorption

through mucous membrane tissues. There therapeutic agents can be administered by the same
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route or by different routes. The sequence in which the therapeutic agents are administered 1s
not narrowly critical.

{0165] Combination therapy also can ecmbrace the admimstration of the
therapeutic agents as descnbed above in further combination with other hioclogically active
mgredients {such as, but not hinited to, a second and different therapeutic agent) and non-
drug therapies (such as. but not himited to, surgery or radiation treatment). Where the
combination therapy further comprises radiation treatment, the radiation treatment may be
conducted at any suitable time so long as a beneficial effect from the co-action of the
combination of the therapeutic agents and radiation treatment is achieved. For example, in
appropriate cases, the bencficial effect is still achieved when the radiation treatment is
temporarily removed from the administration of the therapeutic agents, perhaps by days or
cven weeks.

{0106] In certain embodiments, ye-antagonist peptides can be admunistered in
combination with at least one anti-proliferative agent selected from the group consisting of
chemotherapeutic agent, an antunetabolite, and antitumorgenic agent, and antimitotic agent,
and antiviral agent, and antincoplastic agent, an immunotherapeutic agent, and a
radiotherapeutic agent.

{0107] In certain embodiments, Yc-antagonist peptides can be admimisiered in
combination with at least one anti-inflammatory agent selected from the group consisting of
steroids, corticosteroids, and nonsteroidal anti-inflammatory drugs.

{0108] Also provided are kits for performing any of the methods provided herein.
In some embodiments, kits may include one or more ye-antagonist according to any of the
embodiments provided herein.  In some embodiments, the kit may include nstructions.
Instructions may be n writien or pictograph form, or may be on recorded media including
audio tape, audic CD, video tape, VD, CD-ROM, or the like. The kits may comprise
packaging.

Definitions

{0169] As used herem, the term “patient” refers to the recipient of a therapeutic
treatment and mclades all organisms within the kingdom amimalia.  In preferred
embodiments, the amimal 18 within the family of mammals, such as humans, bovine, ovine,
porcing, feling, buffalo, canine, goat, equme, donkey, deer, and primates. The most preferred

anunal 1s human.
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{0116] As used herein, the term “treat” or any variation thereof {e.g,, , treatment,
treating, etc.), refers to any treatment of a patient diagnosed with a biological condition, such
as CD4-, CD8- and LGL-leukemia, an autoimmune disease, systemic lupus erythematosis,
Siogren's syndrome, Wegener's granulomatosis, Celiac discase, Hashimoto's thyroiditis, a
collagen discase, rheumatoid arthritis, inflanwmatory bowel discase, diabetes mellitus,
psoriasis, a degencrative neuronal disease, multiple sclerosis, uvietis, inflammation of the
eve, graft-versus-host disease (GvHD), myasthenia gravis, I~ Human T-cell Lymphotropic
type | and {1 (HTLV-l and HYLV-Il}-associated discases, Adult T-cell Leukemia (ATL),
HTL.V-associated Myclopathy/Tropical Spastic Paraparcsis (HAM/TSP), uvertis (HU),
arthropathy, pneumopathy, dermatitis, exocrinopathy, myositis, influcnza, AIDS, HBVY,
Herpes, asthma, sinusitis, bay fever, bronchitis, chronic obstructive pulmonary discase
(COPD), allergic rhinitis, acute and chronic otitis, lung fibrosis, NK leukemia/lvmphoma and
NK-T Jeukenia/lymphoma.

0111} The torm treat, as used herein, includes: {1} preventing or delaving the
presentation of symptoms associated with the biclogical condition of interest 1n an at-risk
patient who has yet to display sympioms asscciated with the biological condition; (it}
amechorating the symptoms associated with the biological condition of interest in a patient
diagnosed with the biological condition; (i) preventing, delaying, or ameliorating the
presentation of symptoms associated with complications, conditions. or diseases associated
with the biological condition of interest in either an at-risk patient or a patient diagnosed with
the biological condition: {iv) slowing, delaving or halting the progression of the biological
condition; and/or {v) preventing, delaving, slowing, halting or ameliorating the celhular
events of inflammation.

j0112] The term “symptom{s)” as used heren, refers to common signs or
mdications that a patient 1s suffering from a specific condition or discase.

[0113] The term “effective amouont.” as used herein, refers to the amount
necessary to elicit the desired biological response.  In accordance with the present
embodiments, an effective amount of 3 yc-antagonist is the amount necessary to provide an
observable effoct in at least one biological factor for use m treating a biological condition.

{0114] “Recombinant DNA technology”™ or “recombinant” refers to the use of
cchniques and processes for producing specific polvpeptides from microbial {¢.g., bacterial,
veast), wmvertcbrate {insect), mammalian cells or organisms (e.g., fransgenic amimals or

plants) that have been transformed or transfected with cloned or synthetic DNA sequences to
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enable biosynthesis of heterologous peptides.  Native glveosylation pattern will only be
achieved with mammalian cell expression system. Prokaryotic expression systeras lack the
ability to add glvcosylation to the synthesized proteins. Yeast and insect cells provide a
unmique glvcosylation pattern that may be different from the native pattern.

{0115] A “Nucleotide sequence” refers to a polynucleotide i the form of a
separate fragment or as a component of a larger DNA constmct that has been derived from
DNA or RNA solated at least once mn subsiantially pure form, free of contammating
endogenous materials and im a quantity or concentration cnabling identification,
manipulation, and recovery of iis component nucleotide sequences by standard molecular
biology methods {(as outhined in Current Protocols in Molecular Biology).

{0116] “Recombinant expression vector” refers to a plasmid comprising a
transcriptional unit containing an assembly of {1} a genetic clement or clements that have a
regulatory role in gene expression including promoters and enhances, (2} a structure or
coding sequence that encodes the polypeptide according to the present embodiments, and (3}
appropriate transcription and translation initiation sequence and, if desired, termination
sequensees.  Structural elements intended for use in veast and mammalian system preferably
mclude a signal sequence enabling extracellular secretion of translated polypeptides by yeast
or mammalian host celis.

[0117] “Recombinant microbial expression system” refers to a substantially
homogenous monoculture of suitable hot microorganisms, for example, bacteria such as E.
coli, or veast such as 5. cerevisiae, that have stably miegrated a recombinant transcriptional
unit into chromosomal DNA or carry the recombinant transcriptional unit as a component of
a residual plasmid. Generally, host cells constituting a recombinant microbial expression
system are the progeny of a single ancestral transformed cell.  Recombinant microbial
expression systems will express heterologous polypeptides upon mmduction of the regulatory
glements linked to a structural nucleotide sequence to be expressed.

[0118] As used herein, the section headings are for orgamizational purposes only
and are not to be construed as himiting the described subject matter in any way. All hiterature
and similar materials cited 1n this application, mcluding but not imited to, patents, patent
apphications, articles, books, treatises, and internet web pages are expressly incorporated by
reference 1n their entirety for any purpose. When defimitions of terms in imcorporated
references appear to differ from the defimtions provided in the present teachings, the

definition provided in the present teachings shall control. It will be appreciated that there 1s

37



WO 2017/062685 PCT/US2016/055845

an implied “about” prior to the temperatures, concentrations, times, ctc discussed in the
present teachings, such that slight and insubstantial deviations are within the scope of the
present teachings herein.

{0119] Although this invention has been disclosed in the context of certain
embodiments and examples, those skilled in the art will understand that the prescut invention
extends bevond the specifically disclosed cmbodiments to other alternative embodiments
and/or uses of the invention and obvious modifications and equivalents thercof. In addition,
while scveral variations of the mvention have been shown and deseribed in detail, other
modifications, which are within the scope of this invention, will be readily apparent to those
of skill in the art based upon this disclosure.

{3126 It 15 also contemplated that various combinations or sub-combinations of
the specific features and aspects of the embodiments may be made and stilf fall within the
scope of the invention. It should be understood that various features and aspects of the
disclosed embodiments can be combined with, or substituted for, one another in order to form
varying modes or embodiments of the disclosed invention. Thus, it is intended that the scope
of the present invention herein disclosed should not be limited by the particolar disclosed
embodiments described above.

[0121] It should be understood, however, that this detalled description, while
mdicating preferred embodiments of the mvention, is given by way of illustration only, since
various changes and modifications within the spinit and scope of the invention will become

apparent to those skilled i the art.
EXAMPLES

[0122] The following Examples are presented for the purposes of illustration and

should not be construed as linitations.

EXAMPLE 1 - Method for Assessing the Inhibitory Activity of ve-Antagonist Peptide

{0123] The capacity of any custom derivative peptide prepared according to the
present embodiments for mhibiting the action of one y-cytokine famuly member 1s
determined using mammalian ccliular assays to measure their proliferative response to the
ye~cytoking family member.

{0124] For cach of the six ve-cvickines, indicator cell lines: CTLL~Z, a murine

CD8 T cells line available from American Tvpe Cuolture Collection, and PT-18, a murine
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mast cell line and its subclone PT-18, is transfected with human HL-2RJ gene to make the
cells responsive to 1L-2 and 1L-13 (Tagaya ct al., 1996, EMBO J. 15:4928-39), and 1s used to
quantitatively determing the ye-cvtoking’s growth-promoting activity (See Current protocols
m fmmunclogy from Wilev and Sons for a methodological reference). The indicator cells
demonstrate semi-lincar dose~dependent response when measured by a colonmetac WST-1
assay over a range of concentrations {Sec Clontech PT3946-1 and associated user manual,
meorporated herein by reference, for a detailed description of the reagents and methods).
{0125] Onee the appropriate doses of the cytokine that vield the 50% and 95%
maximum response from the indicator cell ine 18 deternined, various concentrations (ranging
from 1 pM to 10 uM) of the punfied or synthesized custom derivative peptide 1s added to
cach well containing the cvitoking and indicator cells. The reduction in light absorbance at
450nm is used as an indicator of inhibition of cviokine-stimulated cellular proliferation.
Typically, the cells are stimulated by the cytokines such that the absorbance of the well
containing mdicator cell line and the cvtoking is between 2.0 and 3.0, which is reduced to a

range of 0.1 1o 0.5 by the addition of inhibitory peptides.

EXAMPLE 2 - BNZ-~v Peptide Specifically Inhibits the Growth-Promoting Activities of IL-9
and HL~15

{0126] Using PT-188 cells as described above, the ability of the BNZ-y peptide to
specifically ihibit the growth-promoting activity of select yo-cytokines was determined
{Figure 3A). IL-3. a non-yc-cytokine that supports the growth of PT-188 cells, was used as a
negative control. Briefly, PT-188 cells were incubated either with two different dilutions of
BNZ-y peptide produced by HEK293T cells (1:20 or 1:50 dilution of the origimal supernatant
of HEK293T celis transfected with a BNZ-y expression construct) or without BNZ-y peptide
in the presence of IL-3, IL-9, IL-~135, or IL~-4 (1 uM of cach cvtokine in the culture).

{0127} The growth-responses of the cells were determuned 2 davs after the
mtroduction of BNZ-y peptide and the cvtokine using the WST-1 assay. The growth-
promoting activity of {L.~-3 {a non yc-cytokine) was not inhibited by BNZ-y. In contrast, the
activity of IL-15 and IL-9 were significantly (p<0.01 Student’s T test) reduced by the
BNZ-ypeptide.  Cellular proliferation stumulated by 1L-4., ancther ye-cviokine, was not
affected by the by the addition of BNZ-y peptide. Results for IL-3, 1L-9, 1L-15, and 1L-4 are

shown at Figure 3A.
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{0128] In a similar assay, the murine cell line CTTL2 was used. In this assay the
cells were cultured with 0.5 nM of recombinant IL-2 in RPMI 10% fetal Calf Serum. To set
up the proliferation assay, cells were washed trom the cytokines 3 times. Cells were seeded at
1 x 10(5} cells per well of a 96-well plate with final concentration of 50 pM of IL-2 or IL-13.
Vanious concentration of BNZ~y peptide (0.1, 1, and 10 ug/ml) was added to each well. Cells
were cultured for 20 hours and in the last 4 hours, "H-thvmidine was added to the plates.

Cells were harvested using a plate reader. The data is shown in Figure 3B,

EXAMPLE 3 - Method for Measunng Inhibition ve-Cytokine Activity by Assaying 3H-

thyvnudine Incorporation of as a Marker of Cellular Proliferation

{0129] Inhibition of +ye-cyviokinc-induced proliferation of an indicator cell
population by antagonist custom derivative peptides is measured by the 3H-thymding
meorporation assay. Briefly, radiolabeled thymidine {1 mucroCi} is given to 20-50,000 cells
vadergoing proliferation in the presence of cyviokines. The cell-incorporated radioactivity is
measured by trapping cell-bound radicactivity to a glass-fiber filter using a conventional
harvester machines {for example, Filtermate Universal Harvester from Perkin-Elmer), after
which the radioactivity i1s measured using a b-counter {for example, 1450 Trilux microplate

scinfillation counter).

EXAMPLE 4 - Method for Measunng Inhibition ve-Cvtokine Activity by Assaving

Incorporation of a Cell-Tracker Dve as a Marker of Cellular Proliferation

{0136] Indicator cells are incubated in the presence of a selected ye-cytokine or in
the presence of a selected ye-cvtokine and a selected custom derivative peptide. The cell
population 15 then labeled n vitro using a cell-<tracker dye, for example, CMFDA, 2925
from Invitrogen, and the decay of cellular green fluorescence at ecach cellular division is
monitored using a flow-cvtometer (for example, Beckton-Dickinson FACScalibur).
Typically, in response to ye-cytokine stimudation 7~10 different peaks corresponding to the
number of divisions that the cells have undergone will appear on the green fluorescence
channel. Incubation of the cells with the selected yo-cvtokine and antagonist custom
derivative peptide reduces the number of peaks to only 1 to 3, depending on the degree of the

mhibition.
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EXAMPLE 5 - Inhubition of Intracellular Sisnaline bv BNZ-v and 1ts Derivative Antasonists

{0131] In addition to stimulating cellular proliferation, binding of the ye-cytokines
to their receptors caunses a diverse array of mtracellular events. (Rochman et al. 2009 Nat.
Rev. Immunol. 9:480-90, Pesu et al. 2005 bomunol. Rev. 203:127-142} Immediately afier
the cytokine binds to ifs receptor, a tyvrosine kinase called Jak3 {fanus-kinase 3} is recruited
to the receptor at the plasma membrane. This kinase phosphorvlates the tyrosine residues of
multiple proteins including the ye-subunit, STATS (Signal Transducer and Activator of
Transcription 5} and subunits of the PI3 (Phosphatidvimositol 3) kinase. Among these, the
phosphorviation of STATS has been tmplicated in many studies as being linked to the
proliferation of cells mitiated by the ye-cytokine. (Reviewed i Hennighausen and Robinson,
2008 Genes Dev. 22:711-21) In accordance with these published data, whether or not the
BNZ-~y peptide inhibits the tyrosine phosphorviation of STATS molecule in PT-18) cells
stimulated by 1L-15 was examined (results shown in Figure 3C).

{0132} PT-18B cells were stimulated by [L-15 n the presence or absence of
BNZ-~y peptide.  Cytoplasmic proteins were cxtracted from the cells according to a
conventional method as described in Tagava ct al. 1996 EMBO J. 15:4928-39. The extracted
cvtoplasmic proteins were resolved using a standard SBS-PAGE (Sodiom Dodecyl-Solfate
PolyAcrvlamide Gel Electrophoresis) and the phorphorvlation status was confirmed by an
anti-phospho-STATS antibody (Cell Signaling Technology, Catalog # 9354, Danvers MA)
asing immunoblotting (sec Figure 3C, top pavel). To confirm that cach lane represented a
similar total protein load, the membrane was then stripped, and re-probed with an anti-
STATTS antibody {Cell Signaling Technology, Catalog # 9358} (see Figure 3C, bottom panel).

{0133] These results demonstrated that tyrosine phosphoryiation of STATS, a
marker of signal transduction, was induced by IL-15 in PT-183 cells, and tyrosine

phosphorylation of STATS was markedly reduced by the BNZ-y peptide.

EXAMPLE 6 - Rational Desion for BNZ-v Derivative Antasonistic Peptides

{0134] Denvative peptides are prepared based from the core sequence D/E-F-L-
E/GQ/MN-5/R-XAVK-X-LA-X-G (SEQ 1D NGO 2) {(where X denotes any amine acid) by
substituting the defined amino acids of the core sequence with amino acids having identical

physico-chemical propertics as designated in Figure 2.
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{0135] Alternatively, custom peptides or their derivative peptides can be prepared
based on the scquence alignment of the D-helix regions of different ye-cytokine family
members.  For example, as shown m Figure 5, onc or morc sequences conserved in
yo~-cytokine family (SEQ ID NO: 4 — SEQ ID NGO 9) members can be combined to form a
peptide such as SEQ 1D NG 3.

EXAMPLE 7 - Method of Identifving the Inlubitory Specificity of Antagonistic Custom

Dernvative Peptides

[0136] The ye-cvickine inhibitory specificity of antagonistic custom derivative
peptides is determined by assaying the ability of a custom derivative peptide to inhibit the
proliferative response of a cvtokine-responsive cell line to cach of the 6 ye-cvtokines. For
exarple, a mouse cell ling, UTLL-2, 15 used to determine if a candidate peptide inhibits the
function of IL-2 and 1L-15. PT-18(B) cells arc used to determine if a candidate peptide
inhibits the function of -4 and 11-9. PT-18 (7¢) cells are used to determine if a candidate
peptide inhibits the function of IL-7, and PT-18(21¢) celis are used to determing if a
candidate peptide inhibits the function of IL-21. PT-18(p) denotes a subclone of PT-18 cells
that exogenously express human IL-2R8 by gene transfection (Sec Tagaya et al. 19963,
PT-18(71) denotes a subclone that expresses human {L-7Ro by gene transfection and
PT-18(21Ro) cells express human IL-21Ra.

{0137} Ancther altemnative 18 to use other cell Hnes that respond to an array of
cytokines. An example of this cell bine i a human NK cell line NK92 that 1s commercially
available by ATCC {catalog # CRL-2407). This cell line 15 an 1L-2 dependent cell line that
responds to other eytokines including 1L-9, 1L-7, HL-15, [L-12, 1E-18, TL-21  {Gong et al.
1994 Leukenua 8 652-638,, Kingemann et al., 1996, Biol Blood Marrow Transplant 2:68,75,

Hodge DL et al,, 2002 J. Immuncl. 168:9090-3)

EXAMPLE 8 - Preparation of ve-Antasonist Peptides

{0138] Custom derivative yo-antagonist peptides are synthesized chemically by
manual and automated processes.

0139] Manual synthesis:  Classical liguid-phase synthesis is emploved, wiich
mvolves coupling the carboxyl group or C-terminus of one amino acid to the amino group or

N-terminus of another. Alternatively, solid-phase peptide synthesis (SPPS) 1s utilized.
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{3146] Automated svnthesis: Many commercial companies provide automated
peptide synthesis for a cost. These companies use various commercial peptide synthesizers,
mcluding synthesizers provided by Apphied Biosvstems (ABI).  Custom denvative

ve-antagonist peptides are synthesized by automated peptide synthesizers.

EXAMPLE 9 - Biolooical Production of Custom Denvative ve-Antasonist Peptides

Using Recombmant Techunology

[0141] A custom dernivative ye-antagonist peptides 1s synthesized biologically as a
pro-peptide that consists of an appropriate tagging peptide, a signal peptide, or a peptide
derived from a known human protein that enbhances or stabilizes the structure of the BNZ-y
peptide or a peptide comprising the sequence of SEQ 1D NG 3 or a denvative thereof, and
mmproves their biological activities. If desired, an appropriate enzyme-cleavage sequence
proceeding to the N-termunus of the peptide shall be designed o remove the tag or any part of
the peptide from the final protein.

[0142] A nucleotide sequence encoding the custom derivative peptide with a stop
codon at the 37 end is inserted into a commercial vector with a tag portion derived from
thioredoxin of E. coli and a special peptide sequence that is recognized and digested by an
appropriate proteolytic enzvme (for example, enterokinase) intervening between the tag
portion and the nucleotide sequence encoding the custom derivative peptide and stop codon.
One example of a suitable vector is the pThicHis plasmud available from Invitrogen, CA.

Other expression vectors may be used.

EXAMPLE 10 - Conjucation of Custom Peptides and Derivative to Carrier Proteins for

Immunization Purposes and Generation of Antibody against the Custom Peptides

{0143] BNZ-y and other custom derivative peptides, such as a peptide comprising
the sequence of SEQ 1D NO: 3 or a denivative thereof are used to immunize animals to obtam
polvclonal and monoclonal antibodies. Peptides are conjugated to the N- or the C-erminus
of appropriate carrier proteins (for example, bovine serum albumin, Kevhold Limpet
Hemocyanin  (KLH), etc) by conveniional methods wusing Glutaraldehvde or
m-Maleimidobenzovi-N- Hyvdroxysuccinimide Ester. The conjugated peptides in conjunction
with an appropriate adjuvant are then used to immunize animals such as rabbits, rodents, or
donkevs. The resultant antibodies are examined for specificity using conventional methods.

If the resultant antibodies react with the immunogenic pepiide, they are then tested for the
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ability to inhubit individual Ye-cvtokine activity according to the cellular proliferation assays
described m Examples 1-3. Due to the composite nature of the derivative peptides it 1s
possible to generate a single antibody that recognizes two ditferent cvtokines simultaneously,

because of the composite nature of these peptides.

EXAMPLE 11 - Method for Laree Scale Production of Custom Derivalive ye-Antaconist

Peptides

{0144] Recombinant proteins are produced in large scale by the use of cell-free
system as descnbed elsewhere.  (Sec Taka ctal, 2010 Curr. Pharm. Biotechnol
11(3):272-8) Brefly, ¢DNAs encoding the yc-antagonist peptide and a tag are subcloned
mto an approprate vector {See Takai etal, 2010 Curr. Pharm. Biotechnol. 11(3):272-8),
which is subjected to 1n vitro transcnption, followed immediately by an m vitro translation to
produce the tagged peptide. The pro-polypeptide is then purified using an immobilized
antibody recognizing the tagged epiiope, treated by the protechyviic enzyme and the eluate
{which mostly contains the custom denvative peptide of interest) is tested for purity using
conventional 18% Tricine-SDS-PAGE (Invitrogen} and conventional comassic staining.
Should the desired punty of the peptide not be met (>98%), the mixture is subjected to

conventional HPLC (high-performance liguid chromatography) for further purification.

EXAMELE 12 - Use of Custom Dernivative vo-Antagonist Peptides 1o Block Cyvtokine
Function in HAM/TSP

[0145] HTLV-1-associated myelopathy (HAMY tropical spastic paraparesis
(TSP} 15 a chromic progressive myelopathy seen i some people nfected with Human T-
Lymphotropic Virus Type I (HTLV-1}.  Infiltration of lymphocytes in the spinal cord is
associated with the immume response to HILV-] and results in the release of certan
cytokines. Some of these cytokines may also damage nerves.

[0146] Patients with HAM/TSP show an elevated state of the immune system that
1s sinular to that observed mn autoimmune diseases (Oh et al. 2008 Neurol Clin. 26:781-785).
This clevated state 1s demonstrated by the ability of HAM/TSP patient’s T-cells to undergo
sponancous proliferation i an ex vive culture for about a week in the absence of
exogenousty added cviokines. The spontaneous proliferation of T-cells in HAM/TSP patients

is attributed, at least partly, to autocnne/paracrine loops of 1L-2, 1L.-9, and TL-~15. It has been
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shown that adding blocking antibody against the H.-2 or IL-13 receptors can inhibit
spontancous T-cell proliferation in a HAM/TSP ex vivo culture system.

{01471 These observations, along with other data derived from ex vive studies,
have provided the rationale for taking two monoclonal antibodies {an anti-IL-2 receptor alpha
or anti-Tac and an anti-11-15 receptor beta chain) into the clinic for treatment of HAM/TSP
{Azimi ot al. 2001 Proc. MNatl Acad. Sci. 98:14559-64., Azimi et al, 1999 1 Immunol
163:4064-72).

{0148] Anti~cvtokine receptor antagonists according to the embodiments
descnbed herein, would not only be valuable as a therapeutic immuno-modulatory agent for
treatment of HAM/TSP, but modulation of immune response in HAM/TSP by anti-cytokine
receptor antagonists according to the present embodiments acts proof-of-concept for the use
of the anti-cytokine receptor antagonists according to the present embodiments in the
treatment of other auto-immune diseases.

{0149] To demonstrate the efficacy of custom derivative ye-antagonist peptides
according to the embodiments described hercin, we tested the ability of BNZ-y peptide to
block mmmune response to HTLV-I in a spontancous T-cell proliferation assay using a
HAM/TSP ex vivo culture system. Proliferation assavs were performed on HAM/TSP patient
blood samples with and without the addition of BNZ~-y. These assays evaluated the ability of
BNZ-y to block the function of cytokines, such as IL-2 and IL-13, present in the ex vive
HAM/TSP patient blood culture and prevent spontancous T-ccl proliferation in these
samples.

{0156 In an ex vivo spontancous T-cell proliferation assav, PBMC from
HAM/TSP patient was cultured at 1 x 10(6) cells per well of a 96 well plate in RPMI-10%
FCS. Increasing concentrations of BNZ-y peptide were added to each well. As a control, an
irrelevant peptide was used m similar fashion. The cclls were incubated 1n g 37°C CO2
incubator for 3, 4, and 6 days. The amount of 1 uCi of "H-thymidine was added to the cells.
After an additional 6 hour incubation, cells were harvesied their proliferation rate was
measured. The data for a representative HAM/TSP patient is shown 1n Figure 4A — Figure
4D, As indicated m Figure 4A — Figure 4D, BNZ-v peptide inhibits the spontancous
proliferation of T-cells m HAM/TSP culture at a concerdration of about 1 ug/ml.

{0151] Other immunological markers were additionally measured in this assay.
The percentage of the viral specific CD8 cells was measured during the ex vivo culture using

viral protein tetramers. The population of CD4+CD25+ cells, a marker of T-cell activation, as
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well as Ki67 staming, a marker of T-cell proliferation, was monitored in a flow cvtometry

[0132] Other forms of the conjugated BNZ-y peptide derivative or a custom
peptide comprising the sequence of SEQ 1D NO: 3, and a denivative thereof can be used in a
simular future assay. They mclude albumin, BSA, PEG that can be conjugated 1o the peptide
after chemical synthesis. Other biological forms of custom peptides such as the BNZ-y
peptide conjugate or a custom peptide comprising the sequence of SEQ 1D NO: 3, and a
derivative thereof may melude regions of known protein entitics (fncluding but not lumited to

Fc region of human IzG) that are fused to the custom peptides.

EXAMPLE 13 ~ Method of treating Adult T-cell Leukenua {ATL) 10 a Human Patient by

Administration of Custom Dertvative ve-Antasonist Peptide

{0153] A human patient suffering from Adult T-cell Leukemia is identified. An
cffective dose, as determuined by the physician, of custom dernivative yc~-antagonist peptide,
for cxample, BNZ-y, a custom peptide comprising the sequence of SEQ 1D NO: 3, or a
derivative thereof is administered to the patient for a period of time determined by the

physician. Treatment is determined to be effective if patient enters remission.

EXAMPLE 14 - Method of treating HAM/TSP in a Human Patient by Administration of

Custom Derivative ve-Antaconist Peptide

{0154] A human patient suffering from HAM/TSP is identified.  An effective
dose, as determined by the physician, of custom derivative Ye-antagonist peptide, for
example, BNZ-y, a custom peptide comprising the sequence of SEQ ID NG 3, or a denivative
thereof is admunistered to the patient for a period of time determined by the physician.
Treatment is determined to be offective if paticnt’s symptoms improve or if the progression

of the discase has been stopped or slowed down.

EXAMPLE 15 - Use of Custom Denvative vye-Antagomst Peptides to Block Cvtokine

{31155] A human patient suffering who is in need of reducing the function of at
least 1115 and IL-21 s identified. An effective dose, as determined by the physician, of
custom derivative ye-antagonist peptide, for example, a composite peptide comprsing the

sequence of SEQ 1D NO: 3 or a denvative thercof is adnunistered to the patient for a period

36~
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of time determined by the physician. Treatment 1s deteomined to be effective if patient’s

symptoms improve or if the progression of the disease has been stopped or stowed down.

EXAMPLE 16 - Method of treatine Celiac disease 1n a Humagn Patient by Admuustration of

Custom Derivative ye-Antagonist Peptide

{0156] A human patient suffering from Celiac disease 15 identified.  An effective
dose, as determined by the physician, of custom denvative Ye-antagonmist peptide, for
example, a composite peptide comprising the sequence of SEQ ID NO: 3 or a derivative
thereof is administered fo the patient for a period of time determined by the phvsician.
Treatment s determined to be effective if patient’s symptoms tmprove or if the progression

of the discase has been stopped or slowed down,
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WHAT IS CLAIMED IS
i A composite peptide that comprises amino acid sequences of at least two
mterleukin (IL) protein gamma-c-box D-helix regions, wherein the composite peptide
comprises the amino acid sequence P-K-E-F-L-E-R-F-V-H-L-V-Q-M-F-[-H-(}-5-L-§ (SEQ
D NG: 3).

2. The composite peptide of claim 1, wherein the composite peptide inhibits the
activity of two or more yo-cviokines selected from the group consisting of 1L-2, L4, 1L-7,

1L-9, IL-15, and 1L-21.

3. The composite peptide of claims 1 and 2, whercin the composite peptide

mhibits the activity of at least IL-15 and 1L-21.

4, The compostie peptide of claims 1-3, further comprising a signal peptide.

W

The composite peptide of claims 1-4, wherein the composite peptide is further
conjugated to one or more additional moieties at the N-terminus, C-terminas or a side residue

of the composite peptide.

6. The composite peptide of claims 1-3, wherein the one or more additional
moietics are selected from the group consisting of bovine serum albumin (BSA}, albumin,
Kevhold Limpet Hemocvanin (KLH), Fe region of IgG, a biological protein that functions as
scaffold, an antibody against a cell-specific antigen, a receptor, a ligand, a metal ion, and

Poly Ethylene Glycol (PEG).

7. The composite peptide of claims 1-6, wherein the composite peptide consists

of an amino acid sequence having at least 90% sequence wdentity with SEQ 1D NG: 3.

8. The composite peptide of claims 1-6, wherein the composite peptide consists

of an amino acid sequence having at least 95% sequence wentity with SEQ D NG 3.

9. A pharmaceutical composttion comprising:

a therapeutically effective amount of a peptide conjugate, or a derivative
thereof; and

a pharmaceutically acceptable carrier, diluent, excipient or combination

thereof;

Vi



WO 2017/062685 PCT/US2016/055845

wherein the peptide conjugate or the dervative thereof modulates the activity
of two or more ye-cviokings selected from the group consisting of 1L-2, 1L-4, 1L-7,
-9, IL-15, and IL-21;

wherein the peptide conjugate comprises the amino acid sequence P-K-E-F-L-

E-R-F-VH-L-V-Q-M-F-I-H-Q-§-L-S (SEQ ID NO: 3).

10. The pharmaceutical composition of claim 9, wheren the peptide conjugate or
the derivative thereof inhibits the activity of two or more ye-cytokines selected from the

group consisting of 1L-2, 1L-4, IL-7 1L-9 {L-15, and IL-21.

1. 'The phamaccutical composition of ciaims 9 and 10, wherein the peptide
conjugate or the derivative thereof further compnses an additional conjugate at the N-teomunt,

C-termind or a side residues thereof

12, The pharmaceutical composition of claims 9-11, wherein the peptide

conjugate or the derivative thereof further comprises a signal peptide.

13.  'The pharmaceutical composition of claims 9-12, further comprising a protein
that stabilizes the structure of the peptide conjugate or the dervative thercof and vaproves s
biological activity, wherein the protein is selected tfrom the group consisting of bovine scrum
albumin (BSA)}, albumin, Fc region of immunoglobulin G (Ig(3), biological proteins that

function as scaffold, Poly Ethvlene Glycol (PEG), and derivatives thereof.

14, The pharmaceutical composition of claims 9-13, wherein the derivative
thereof comprises a peptide sequence sharing at least 90% identity with the amino acid

sequenge of SEQ D NO: 3.

15, The pharmacestical composition of claims 9-13, wherein the derivative
thereof comprises a peptide sequence sharing at least 95% identity with the amino acid

sequence of SEQ [D NQO: 3,

16. A method for blocking signaling by two or more ye-cviokine family members,
comprnsing contacting a cell with the compostte peptide of claims 1-8 and/or the

pharmaceutical composition of claims 9-15.
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17, A method of mhibiting ve-cyvtokine binding to a yec-subumit comprising
contacting a yc-subunit of a cell with the composite peptide of claims 1-8 and/or the

phammaceutical composition of claims 9-15.

18. A method of treating a ve-cvtokine-mediated discase, the method comprising
administering the composite peptide of claims 1-8 and/or the phammaceutical composition of
claims 9-15 to a subject in need thereof, wherein the ye-cvtokine-mediated disease is selected
from the group consisting of CDM4-leukemia, CD8-leukemia, LGL-leukemia, systemic lupus
crvthematosis, Sj6gren's svndrome, Wegener’s granulomatostis, Celiac disease, Hashimoto's
thyroiditis, rheumatoid arthritis, diabetes mellitus, psoriasis, multiple sclerosis, uvietis,

mflammation of the eve, and grafi-versus-host discase (GvHD).

19, A method of treaning an HTLV-l-associated myelopathy (HAMY/tropical
spastic paraparesis (TSP) associated disease, the method comprising adnunistering the
composite peptide of claims 1-8 and/or the pharmaceutical composition of claims 9-15 to a
subject in need thereof, wherein the HAM/TSP associated disease is selected from the group
consisting of Adult T-cell Leukerna (ATL), HTLV-associated Myelopathy/Tropical Spastic
Paraparesis {(HAM/TSP), and other non-neeoplastic mflammatory discases associated with
HTLY such as wveitis (HU), arthropathy, pneomopathy, dermatitis, exocrinopathy, and

Myositis.

20. A method of treating an mflammatory respiratory disease, the method
comprising admimstering the composite peptide of claims 1-8 and/or the phammaceutical
composition of claimms 9-15 to a subject in need thereof, wheren the inflammatory respiratory
disease 1s selected from the group consisting of asthma, sinusitis, hay fever, bronchitis,
chronic obstructive pulmonary disease (COPD), allergic rhunitis, acute and chromic otitis, and

fung fibrosis.

21, A method of treating a cosmetic condition, the method comprising
administering the composite peptide of ¢laims 1-8 and/or the pharmaceutical composition of
claims 9-15 to a subject in need thercof, wherein the cosmetic discase is selected from the

group consisting of acne, hair loss, sunbum, nail maintenance, and appearance of aging.

22, A pharmaceutical composition for use in treating a condition in a patient, the

phammaceutical composition comprising:
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a therapeutically effective amount of a peptide conjugate, or a denvative
thereof; and

a pharmaceutically acceptable carrier, diluent, excipient or combination
thereof,

wherein the peptide conjugate or the dervative thereof modulates the activity
of two or more ye-cviokings selected from the group consisting of 1L-2, 1L-4, 1L-7,
-9, 1L-15, and 11221,

wherein the peptide conjugate comprises the amino acid sequence P-K-E-F-L-

E-R-F-VH-L-V-Q-M-F-I-H-Q-§-L-S (SEQ ID NO: 3).

23, The pharmacecutical composition of clamm 22, wherein the denvative thercof
comprises a peptide sequence sharing at least 90% identity with the amino acid sequence of

SEQ ID NO: 3.

24, The phamaceutical composition of claim 22, wherein the derivative thergof
comprises a peptide sequence sharing at least 95% identity with the ammo acid sequence of

SEQ D NO: 3.

25, The phamaceutical composition of claims 22-24 for use in ireating a
ve-cyvtoking-mediated disease, wherein the ye-cytoking-mediated disease s selected from the
group consisting of CD4-leckemia, (D8-levkemia, LGL-leukemia, systemic lupus
erythematosis, Sjogren's syndrome, Wegener’s granulomatosis, Celiac disease, Hashimoto’s
thyroiditis, rtheumatoid arthrins, diabetes mellitus, psornasis, maltiple sclerosis, uvietis,

flammation of the eye, and graft-versus-host dissase (GvHD).

26. The pharmaceutical composition of claims 22-24 for use m treating an HTLV-
1—agsociated mvelopathy (HAMYtropical spastic paraparesis (T5P) associated disease,
wherein the HAM/TSP associated disease is sclected from the group consisting of Adult T-
cell  Leukemia (ATL), HTLV-associated Myelopathy/Tropical Spastic  Paraparesis
(HAM/TSP), and other non-necoplastic inflammatory discases associated with HTLY such as

uveitis (HU), arthropathy, pneumopathy, dermatitis, exocrinopathy, and myositis.

27.  The phamnaceutical composition of claims 22-24 for usc in treating an

mflammatory respiratory disease, wherein the mflammatory respiratory disease is selected

Vi
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from the group consisting of asthma, sinusitis, hay fever, bronchitis, chronic obstructive

pulmonary discase (COPD), allergic rhunitis, acute and chronie otitis, and lung fibrosis.

28.  The pharmaceutical composition of claims 22-24 for use in treating a cosmetic
condition, wherein the cosmetic discase is selected from the group consisting of acne, hair

loss, sunburn, nail maintenance, and appearance of aging.

29, A kit for treating a condition in a patient, wheremn the condition is a ye
cytoking-mediated disease, an HTLV-l-associated myvelopathy (HAM)/tropical spastic
paraparesis (TSP} associated disease, an inflammatory respiratory disease, a cosmetic
condition, or a combination thereof, the kit comprising a pharmaceutical composition of
claims 9-15 and/or claims 22-28, wherein the pharmaceutical composition comprises;

a therapeutically effective amount of a peptide conjugate, or a derivative
thereof; and

a pharmaceutically acceptable carrier, diluent, excipient or combination
thereof;

wherein the peptide conjugate or the derivative thereof modulates the activity
of two or more ye-cytokines selected from the group consisting of 1L 2, 1L 4, 1L 7, 1L

9, 1L 15, and 1L 21;

wherein the peptide conjugate comprises the aming acid sequence P-K-E-F-L-

E-R-F-V-H-L-V-(}-M-F-I-H-Q-5-L-5 (SEQ 1D NO: 3).

30, The kit of claim 29, wherein the derivative thereof comprises a peptide

sequence sharing at least 90% identity with the anmino acid sequence of SEQ ID NQ: 3.

31 The kit of claim 29, wherein the derivative thercof comprises a peptide

sequence sharing at least 95% identity with the amino acid sequence of SEQ 1D NO: 3,

32. The kit of clamms 29-31, wherein the condition 1s one or more of CD4
leukemia, D8 leukemia, LGL leukemia, systemic hupus ervihematosis, Sjogren's Sjoegren’s
syndrome, Wegener's granulomatosis, Celiac discase, Hashimoto's thyroiditis, rheumatoid
arthritis, diabetes melhitus, psortasis, multiple sclerosis, uvietis, mflammation of the ¢ye,
graft-versus-host disease (GvHD), Adult T-cell Leukemia (ATL), HTLV-asscciated

Myelopathy/Tropical Spastic Paraparesis {HAM/TSP). and other non-neeoplastic
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mflammatory diseases associated with HTLV such as wveitis (HU), arthropathy,
preumopathy, dermatitis, exocrinopathy, myositis, asthma, smusitis, hay fever, bronchitis,
chronic obstructive pulmonary disease (COPD), allergic rhunitis, acute and chromie otitis, and

fung fibrosis, acne, hair loss, sunbum, nail maintenance, or appearance of aging.
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