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NICOTINIC ACETYLCHOLINE RECEPTOR AGONIST ATTENUATES ILC2-
DEPENDENT AIRWAY HYPERREACTIVITY

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit under 35 U.S.C. 119(e) of U.S. Provisional Serial
No. 62/403,014, filed September 30, 2016, the contents of which is hereby incorporated by

reference into the present disclosure.
STATEMENT OF FEDERAL SUPPORT

[0002] This invention was made with government support under the Grant No. TR000130,
awarded by the National Institute for Health. Accordingly, the U.S. Government has certain

rights to the invention.
BACKGROUND

[0003] Throughout this disclosure, various patent and technical publications are identified
by an identifying citation or an Arabic numeral, the full citations for which are found
immediately preceding the claims. These citations and the publications referenced within the
present specification are incorporated by reference into the present disclosure to more fully

describe the state of the art to which this invention pertains.

[0004] Asthma, which is a major worldwide health problem, is a chronic inflammatory
disease of the airways with several phenotypes, comprised of both allergic and non-allergic
asthma ', Allergic sensitization in which antigen presenting cells (APCs) present allergens,
followed by T-helper type 2 (Th2) cell skewing and eosinophilic inflammation are essential
for the development of allergic asthma. Obesity, ozone, viral infections, stress, and air
pollution are associated with non-allergic asthma, the pathogenesis of which involves the
innate pathway rather than Th2 cell mediated immunity’~. Indeed, non-Th2 factors such as
interferon-y, IL-17, and neutrophils are often found in the lungs of patients with severe non-
atopic asthma ', Moreover, these allergic and non-allergic components may be present in
individual patients to various degrees, leading to a complex immune milieu and disease

heterogeneity .

[0005] Innate lymphoid cells (ILCs) area non-Bcell, non-T cell lymphocyte
population in mucosal and Ilymphoid tissues that are not antigen specific, but
respond rapidly to environment factors to induce various types of cytokines®’. Among the

ILCs, group 2 ILCs (ILC2s) are directly activated by innate signals from myeloid and
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epithelial derived cytokines and alarmins, such as IL-25, IL-33 and proteases, without
requiring further differentiation. Following activation, ILC2s produce robust amounts of Th2
cytokines IL-5 and IL-13 to promote eosinophilic inflammation and airway hyperreactivity
(AHR); thus, they play an essential role in the pathogenesis of asthma®’. The suggestion that
ILC2s are critical for innate immunity activation in asthma is logical as influenza infection’
and exposure to proteases and fungi®’ induce AHR by activating innate lymphoid cells. In
addition, ILC2s participate in shaping and regulating adaptive immune responses . ILC2-
produced IL-5 and IL-13 also contribute to asthma development by respectively recruiting
eosinophils in airways and inducing goblet cell mucus production. ILC2s can also directly
stimulate a Th2 response in vitro ' and facilitate an antigen-specific T cell response during
helminth infection '>. This evidence suggests that ILC2s are deeply involved in the
pathogenesis of asthma by modulating both innate and adaptive immune responses. Thus,

regulating the function of ILC2s could be an ideal therapeutic strategy.
SUMMARY

[0006] The a7 nicotinic acetylcholine receptor (nAChR), mediates rapid excitatory synaptic
transmission and is shown to be a potential therapeutic target in neuropsychiatric *°,

15,16

. 14 . . . .
neurodegenerative  and inflammatory disease 7. In pulmonary allergic inflammation,

nicotine, an agonist for nAChR, attenuates Th2 cytokine, IgE, and cysteinyl leukotriene

. . .. . 17.18
levels, resulting in reduced allergic inflammation "

. However, the specific cellular
mechanisms by which nAChR activation regulates allergic inflammation are not clearly
defined. Given the therapeutic potential of a7nAChR in neurological disorders and
inflammatory diseases, a variety of a7-specific ligands have been developed by medicinal

1929 and structural approaches ">, A number of these a7nAChR compounds

chemistry
showed promising efficacy and have advanced to clinical trials . Applicants selected a
leading compound, GTS-21 (also known as DMXBA), that is functionally known to act as an

223 and characterize its role in ILC2-

agonist with partial selectivity toward a7nAChR
dependent AHR. Utilizing this agonist, Applicants demonstrate a critical role for a7nAChR
in regulating ILC2-mediated AHR and airway inflammation in a preclinical model of allergic
asthma. Moreover, Applicants validate the specificity of the a7nAChR agonist using
a7nAChR deficient mice. As expected, the a7nAChR agonist was impaired in suppressing
ILC2-dependent AHR in a7nAChR deficient mice. Reconstitution studies with alymphoid
mice suggest that while recipients of wild-type ILC2s responded to suppressive activity of the

agonist, recipients of the a7nAChR deficient ILC2s did not show any alteration in AHR or
2
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eosinophilia after agonist treatment. These observations establish that a7nAChR expression
by ILC2s is crucial for the anti-inflammatory role of the agonist, and our reagent acts
specifically through a7nAChR. Administration of the a7nAChR agonist inhibits activation
of key transcriptional factors, such as GATA-3 and NF-«B. Furthermore, a7nAChR agonist
abrogates phosphorylation of IKKa/B, a critical kinase upstream of the NF-«kB signaling
pathway. Using a translational approach, Applicants also show that engagement of
a7nAChR results in decreased cytokine production in human ILC2s and a reduction in AHR
in a humanized ILC2 model. These findings provide insight into the regulation of ILC2s that

are useful to generate new therapeutic approaches for ILC2 dependent asthma.
[0007] Thus, as disclosed herein, methods are provided for one or more of:

a. reducing ILC2 effector function;

b. repressing IC2-dependent AHR,;

c. decreasing expression of ILC2 transcription factor GATA-3;

d. decreasing expression of [LC2 inflammatory modulator NF-xB;

e. reducing phosphorylation of kinase IKKo/B; or

f  reducing ILC2-mediated cytokine production;
in a tissue or subject in need thereof, the method comprising, or alternatively consisting
essentially of, or yet further consists of, contacting an ILC2-cell expressing a.7-nicotine
acetylcholne receptor (a7nAChr) with an effective amount of an a7nAChr agonist. In one
aspect, the an a7nAChr agonist comprises an active form of GTS-21, or an equivalent or a
pharmaceutically acceptable salt thereof. In a further aspect, the cell is a mammalian cell
such as for example, a human cell, a canine cell, a murine cell, a feline cell, a bovine cell or

an equine cell.

[0008] When the methods are performed in vivo, an effective amount of the a7nAChr
agonist is administered to the subject in need thereof. The methods are further modified by
comprising administering an effective amount of an anti-inflammatory to the subject, that is

optionally administered concurrently or sequentially in one or more administrations.

[0009] Also provided are methods for screening for an a7nAChr agonist, comprising, or
alternatively consisting essentially of, or yet further consisting of, contacting an ILC2 cell
expressing o.7nAChr or tissue sample comprising ILC2 cells expressing a7nAChr, with a test

agent and evaluating for the cell or tissue for one or more of:
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reducing ILC2 effector function

o @

decreasing expression of ILC2 transcription factor GATA-3;

decreasing expression of ILC2 inflammatory modulator NF-kB;

e o

reducing phosphorylation of kinase IKKa/f3;
reducing ILC2-mediated cytokine production;

treating and/or ameliorating AHR,;

R oo

treating and/or ameliorating allergic inflammation; or
h. treating and/or ameliorating a disease related to ILC-2 effector function.
wherein a measured response of a. to g. identifies the test agent as a possible a7nAChr

agonist.

[0010] In a further aspect, the a7nAChr agonist such as GTS-21, or an equivalent or a
pharmaceutically acceptable salt thereof is coadmininistered with an effective amount of an
anti-inflammatory, such as a steroid or corticosteroid, or an antibiotic, an alpha or beta
blocker, an antihistamine, a blocking antibody against Th2 cytokine and IgE. These can be
administered concurrently or sequentially in one or more doses. In one aspect, an effective
amount of the a7nAChr agonist such as GTS-21, or an equivalent or a pharmaceutically
acceptable salt thereof is combined with an effective amount of the anti-inflammatory agent
such as a steroid or corticosteroid, or antibiotics, alpha and beta blockers, antihistamine,
blocking antibodies against Th2 cytokines and IgE, in a single formulation for simultaneous

administration.

[0011] Further provided are methods for treating or ameliorating the symptoms of a disease
or condition related to ILC2 effector function in a subject in need thereof, the method
comprising administering an effective amount of an a7nAChr agonist to the subject, thereby
treating or ameliorating the symptoms. In one aspect the a7nAChr agonist is GTS-21, or an
equivalent or a pharmaceutically acceptable salt thereof. Non-limiting examples of a disease
or condition related to ILC2 effector function include inflammatory disorders such as acute
and chronic inflammatory disorders, COPD, IBS, Croh’s disease, rheumatoid arthritis,
allergic asthma, non-allergic asthma, lung inflammation, mucosal inflammation, nasal polyps,

eczema, and atopic dermatitis.

[0012] In a further aspect, the a7nAChr agonist such as GTS-21, or an equivalent or a
pharmaceutically acceptable salt thereof is coadmininistered with an effective amount of an
anti-inflammatory, such as a steroid or corticosteroid, or an antibiotic, an alpha or beta

blocker, an antihistamine, a blocking antibody against Th2 cytokine and IgE. These can be
4
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administered concurrently or sequentially in one or more doses. In one aspect, an effective
amount of the a7nAChr agonist such as GTS-21, or an equivalent or a pharmaceutically
acceptable salt thereof is combined with an effective amount of the anti-inflammatory agent
such as a steroid or corticosteroid, or antibiotics, alpha and beta blockers, antihistamine,
blocking antibodies against Th2 cytokines and IgE, in a single formulation for simultaneous

administration.
BRIEF DESCRIPTION OF THE DRAWING

[0013] FIGS. 1A —1E: Structure of a7nAChR agonist and a7nAChR expression on
ILC2s. (FIG. 1A) Structure of 4-OH-GTS-21 bound to the a7nAChR Chimera. The receptor
protein is shown in ribbon; the ligand and nearby protein residues are shown in stick model.
The ligand, protein residues and key receptor loop (Loop C and Loop F) are labeled
accordingly. (FIG. 1B) Flow cytometry analysis of lung ILC2s isolated from BALB/cByJ
mice, as defined by a lack of lineage markers (CD3e, CD45R, Gr-1, CD1l1¢, CD11b, Ter119,
NK1.1, TCR-yd and FceRI) and expression of CD90, CD45 and ST2. Dot plots show cells
gated on CD45+ and CD25+ single cells. (FIG. 1C) Peripheral immune cells were sorted
from naive BALB/cByJ mice and cultured with rm-IL-2 and rm-IL-7 in the presence or
absence of rm-IL-33. The expressions of a7nAChR and a4nAChR were quantified at the
mRNA levels by quantitative real-time PCR. (FIG. 1D) a7nAChR fold-change expression
after IL-33 treatment in peripheral immune cells. (FIG. 1E) Expression of a7nAChR in
isolated lung ILC2s from mice intranasally challenged for 3 consecutive days with PBS, IL-
25 (5ug), or IL-33 (0.5pg). Data are representative of at least three independent experiments
and are presented as means + SEM (n=3; Student’s t test *, p<0.05).

[0014] FIGS. 2A —2C: a7nAChR agonist suppresses IL-5 and IL-13 production from
ILC2s in vitro. BALB/cByJ mice were intranasally challenged with recombinant mouse IL-
33 on days 1-3. On day 4 lung ILC2s were isolated and re-stimulated with rIL-33, rIL-2 and
rIL-7 with or without a7nAChR agonist (2.5, 10 and 50ug mL™) for 24 hours (FIG. 2A) or
48 hours (FIG. 2B). The levels of IL-5 and IL-13 were measured by ELISA. The viability of
cultured ILC2s were assessed by staining with 7-AAD. (FIG. 2C) BALB/cByJ mice were
intranasally challenged with recombinant mouse IL-33 on days 1-3, with or without
a7nAChR agonist administration. On day 4 lung ILC2s were isolated and the number of IL-
5" and IL-13" cells per 40x10* ILC2s were quantified. Values are expressed as the mean +

SEM of five experiments (n=5; Student’s t test *, p<0.05; **p<0.01).
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[0015] FIGS. 3A —3H: a7nAChR agonist treatment ameliorates ILC2s mediated AHR.
(FIG. 3A) Rag2-deficient mice were intranasally challenged with recombinant mouse IL-33
or PBS and also received a7nAChR agonist (125ug) or PBS on days 1-3 according to scheme
3A. Measurement of lung function and analyses of bronchoalveolar lavage fluid (BALF) and
lung histology followed on day 4. (FIGS. 3B — 3C) Lung resistance and dynamic
compliance. (FIG. 3D) Total number of cells and eosinophils in BALF. (FIG. 3E)
Hematoxylin and eosin-stained lung sections (x200). Scale bars represent S0um. (FIG. 3F)
Quantification of lung histopathology shown as number of inflammatory cells per 250pum’
and thickness of airway epithelium (um). (FIG. 3G) Total number and frequency of lung
ILC2s. (FIG. 3H) Percentage of IL-5" and IL-13" lung ILC2s determined by flow cytometry.
Data are representative of at least four independent experiments and are presented as means +

SEM (n=8; Student’s test *, p<0.05; ** p<0.01; *** p<0.001).

[0016] FIGS. 4A —4E: a7nAChR expression is critical for GTS-21 action on ILC2s in
vivo. BALB/cByJ and a7nAChR™" mice were intranasally challenged with rm-IL-33 or PBS,
and also given a7nAChR agonist (125ug) or PBS on days 1-3. Measurement of lung function
and analysis of BAL followed on day 4. (FIG. 4A) Lung resistance. (FIG. 4B) Total number
of eosinophils in BALF. (FIG. 4C) Rag”” GC”" mice were received ILC2s from either WT or
a7nAChR” mice. After the adoptive transfer, mice were intranasally challenged with rm-IL-
33 or PBS; they also received a7nAChR agonist (125ug) or PBS on days 1-3. Measurement
of lung function and analysis of BAL followed on day 4, according to scheme 4C. (FIG. 4D)
Lung resistance. (FIG. 4E) Total number of eosinophils in BALF. Data are representative of
at least three independent experiments and are presented as means + SEM (n=4; Student’s test

##% 5<0.001, WT IL-33+07nAChR agonist vs. a7nAChR™ IL-33+a7nAChR agonist).

[0017] FIGS. SA—SF: Cholinergic signal attenuates ILC2 proliferation and GATA3
expression. (FIG. SA) Mean fluorescence intensity of Ki67 and percentage of Ki67+ cells in
isolated lung ILC2s, stimulated with IL-33 in the absence and presence of a7nAChR. (FIG.
5B) Mean fluorescence intensity of GATAS3 in isolated lung ILC2s, stimulated with IL-33 in
the absence and presence of a7nAChR. One representative experiment of two is shown (n=5;
Student’s t test *, p<0.05; **, p<0.01; ***p<0.001). (FIG. 5C) Heat plot demonstration of
modulation of depicted genes in lung ILC2s treated with a7nAChR agonist. FACS-purified
ILC2s from WT mice challenged with rm-IL-33 with or without a7nAChR agonist as
described in Figure3 A were quantified by NanoString nCounter technology. Data range from

-1 to +1 for the most reduced and most increased gene expression, respectively. (FIG. 5D)

6
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Expression of NF-kB p65 in isolated lung ILC2s from mice challenged with IL-33 with
(dotted line) or without (thick line) a7nAChR agonist. The level of isotype-matched stain
control is shown as a gray-filled histogram. (FIG. SE) Expression of phosphorylated IKKo/j
(Ser176/180) in isolated lung ILC2s stimulated with IL-33, with (dotted line) or without
(thick line) a7nAChR agonist for 24 hours. The level of isotype-matched stain control is
shown as a gray-filled histogram. (FIG. 5SF) Mean fluorescence intensity of phosphorylated
IKKa/B with or without a7nAChR agonist.

[0018] FIGS. 6A —6C: a7nAChR agonist inhibits Alternaria-induced AHR. (FIG. 6A)
Rag2-deficient mice intranasally received an extract of Alternaria alternata with or without
a7nAChR agonist on days 1-4 according to scheme FIG. 6A. Measurement of lung function
and BALF analysis followed on day 5. (FIG. 6B) Lung resistance. (FIG. 6C) Total number
of eosinophils in BALF. Total number of lung ILC2s. Data are representative of at least four
independent experiments and are presented as means £ SEM (n=4; Student’s t test *, p<0.05;

k% 5<0.001).

[0019] FIGS.7A—-7E: a7nAChR agonist prevents human ILC2s mediated AHR and
allergic. (FIG. 7A) Human ILC2s were purified from PBMCs via FACS and cultured (10*
cells per mL) in the presence of recombinant human IL-33 (20ng mL™), IL-2 (10ng mL™),
and IL-7 (20ng mL™"), with or without a7nAChR agonist for 24h. In the right panel, data are
presented as means of four individual donors. (FIG. 7B) Human peripheral-blood
mononuclear cells were isolated via FACS and cultured in the presence or absence of rh-IL-2
(10ng mL™) and rh-IL-7 (20ng mL™) for 48 hours, then adoptively transferred into Rag2™
GC™" mice that were intranasally challenged with rm-IL-33 or PBS, with or without
a7nAChR agonist (125ug) on days 1-3. Measurement of lung function and analysis of BALF
followed on day 4. (FIG. 7C) Lung resistance. (FIG. 7D) Total number of eosinophils in
BALF. (FIG. 7E) Total number of lung ILC2s. Data are representative of at least two
independent experiments and are presented as means + SEM (n=4; Student’s test *, p<0.05;

** p<0.01; *** p<0.001).

[0020] FIG. 8: Detection of a7nAChR in ILC2s by a-bungarotoxin. Histogram (left
panel) and mean fluorescence intensity (right panel) of a7nAChR expression in ILC2s from
BALB/cByJ mice after i.n. IL-33 (thick line) or PBS (dotted line). The level isotype-matched
stain control is shown as a gray-filled histogram (left panel). Data are representative of at
least two independent experiments and are presented as means + SEM (n=3; Student’s t test

* p<0.05).
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[0021] FIGS. 9A — 9C: Effect of a7nAChR agonist on some marker expressions by
ILC2s. A cohort of BALB/cByJ mice were intranasally challenged with rm-IL-33 (0.5ug)
with or without a7nAChR agonist (125ug) for three consecutive days. Histogram and MFI of
CD25 (FIG. 9A), CD127 (FIG. 9B) and ST2 (FIG. 9C) in isolated lung ILC2s. Data are
representative of at least two independent experiments and are presented as means + SEM

(n=4; Student’s t test *, p<0.05).

[0022] FIG. 10: a7nAChR agonist suppresses cytokine production in ILC2s. Lung
ILC2s were sorted from naive BALB/cByJ mice and cultured with rm-IL-25 (10ng mL-1) in
the presence or absence of a7nAChR (10ug mL-1) agonist for 24 hours. The levels of IL-5
and IL-13 were measured by ELISA. Data are representative of at least two independent

experiments and are presented as means + SEM (n=4; Student’s t test *, p<0.05).

[0023] FIGS. 11A-11C show the effect of nicotine agonists on ILCs in vitro. FIGS. 11A
-11-C show the effect of TC-5619-23, TC-6987-23, AZD1446 on ILC2s.

[0024] FIGS. 12A-12C show the effect of nicotine agonists on ILCs in vitro. FIGS. 12A
-12-C show the effect of PHA543613, PHA568487, PNU282987 on ILC2s.

DETAILED DESCRIPTION

[0025] Before the compositions and methods are described, it is to be understood that the
invention is not limited to the particular methodologies, protocols, cell lines, assays, and

reagents described, as these may vary. It is also to be understood that the terminology used
herein is intended to describe particular embodiments of the present invention, and is in no

way intended to limit the scope of the present invention as set forth in the appended claims.

[0026] Unless defined otherwise, all technical and scientific terms used herein have the
same meanings as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, the preferred
methods, devices, and materials are now described. All technical and patent publications
cited herein are incorporated herein by reference in their entirety. Nothing herein is to be
construed as an admission that the invention is not entitled to antedate such disclosure by

virtue of prior invention.

[0027] The practice of the present invention will employ, unless otherwise indicated,

conventional techniques of tissue culture, immunology, molecular biology, microbiology, cell
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biology and recombinant DNA, which are within the skill of the art. See, e.g., Sambrook and

Russell eds. (2001) Molecular Cloning: A Laboratory Manual, 3rcl edition; the series Ausubel
et al. eds. (2007) Current Protocols in Molecular Biology; the series Methods in Enzymology
(Academic Press, Inc., N.Y.); MacPherson ef al. (1991) PCR 1: A Practical Approach (IRL
Press at Oxford University Press); MacPherson ef al. (1995) PCR 2: A Practical Approach,;
Harlow and Lane eds. (1999) Antibodies, A Laboratory Manual; Freshney (2005) Culture of

Animal Cells: A Manual of Basic Technique, Sth edition; Gait ed. (1984) Oligonucleotide
Synthesis; U.S. Patent No. 4,683,195; Hames and Higgins eds. (1984) Nucleic Acid
Hybridization; Anderson (1999) Nucleic Acid Hybridization, Hames and Higgins eds. (1984)
Transcription and Translation; Immobilized Cells and Enzymes (IRL Press (1986)); Perbal
(1984) A Practical Guide to Molecular Cloning; Miller and Calos eds. (1987) Gene Transfer
Vectors for Mammalian Cells (Cold Spring Harbor Laboratory);, Makrides ed. (2003) Gene
Transfer and Expression in Mammalian Cells; and Mayer and Walker eds. (1987)

Immunochemical Methods in Cell and Molecular Biology (Academic Press, London).

[0028] All numerical designations, e.g., pH, temperature, time, concentration, and
molecular weight, including ranges, are approximations which are varied (+) or ( - ) by
increments of 0.1. It is to be understood, although not always explicitly stated that all
numerical designations are preceded by the term “about”. It also is to be understood,
although not always explicitly stated, that the reagents described herein are merely exemplary

and that equivalents of such are known in the art.

[0029] As will be understood by one skilled in the art, for any and all purposes, particularly
in terms of providing a written description, all ranges disclosed herein also encompass any
and all possible subranges and combinations of subranges thereof. Any listed range can be
easily recognized as sufficiently describing and enabling the same range being broken down
into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting example, each
range discussed herein can be readily broken down into a lower third, middle third and upper
third, etc. As will also be understood by one skilled in the art all language such as “up to,”

2%

“at least,” “greater than,” “less than,” and the like include the number recited and refer to

ranges which can be subsequently broken down into subranges as discussed above.
Definitions

[0030] As used in the specification and claims, the singular form “a”, “an” and “the”

include plural references unless the context clearly dictates otherwise. For example, the term

9
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“a cell” includes a plurality of cells, including mixtures thereof.

[0031] Asused herein, the term “comprising” or “comprises” is intended to mean that the
compositions and methods include the recited elements, but not excluding others.
“Consisting essentially of” when used to define compositions and methods, shall mean
excluding other elements of any essential significance to the combination for the stated
purpose. Thus, a composition consisting essentially of the elements as defined herein would
not exclude trace contaminants from the isolation and purification method and
pharmaceutically acceptable carriers, such as phosphate buffered saline, preservatives and the
like. “Consisting of” shall mean excluding more than trace elements of other ingredients and
substantial method steps for administering the compositions of this invention or process steps
to produce a composition or achieve an intended result. Embodiments defined by each of

these transition terms are within the scope of this invention.

[0032] The term “isolated” as used herein with respect to nucleic acids, such as DNA or
RNA, refers to molecules separated from other DNAs or RNAs, respectively that are present
in the natural source of the macromolecule. The term “isolated peptide fragment” is meant to
include peptide fragments which are not naturally occurring as fragments and would not be
found in the natural state. The term “isolated” is also used herein to refer to polypeptides,
antibodies, proteins, host cells and polynucleotides that are isolated from other cellular
proteins or tissues and is meant to encompass both purified and recombinant polypeptides,
antibodies, proteins and polynucleotides. In other embodiments, the term “isolated” means
separated from constituents, cellular and otherwise, in which the cell, tissue, polynucleotide,
peptide, polypeptide, protein, antibody or fragment(s) thereof, which are normally associated
in nature and can include at least 80%, or alternatively at least 85%, or alternatively at least
90 %, or alternatively at least 95%, or alternatively at least 98%, purified from a cell or
cellular extract. For example, an isolated polynucleotide is separated from the 3’ and 5’
contiguous nucleotides with which it is normally associated in its native or natural
environment, e.g., on the chromosome. An isolated cell, for example, is a cell that is
separated form tissue or cells of dissimilar phenotype or genotype. As is apparent to those of
skill in the art, a non-naturally occurring polynucleotide, peptide, polypeptide, protein,
antibody or fragment(s) thereof, does not require “isolation” to distinguish it from its

naturally occurring counterpart.

[0033] The term “binding” or “binds” as used herein are meant to include interactions

between molecules that may be detected using, for example, a hybridization assay. The terms
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are also meant to include “binding” interactions between molecules. Interactions may be, for
example, protein-protein, antibody-protein, protein-nucleic acid, protein-small molecule or
small molecule-nucleic acid in nature. This binding can result in the formation of a
“complex” comprising the interacting molecules. A “complex” refers to the binding of two

or more molecules held together by covalent or non-covalent bonds, interactions or forces.

[0034] Hybridization reactions can be performed under conditions of different “stringency”.
In general, a low stringency hybridization reaction is carried out at about 40°C in about 10 x
SSC or a solution of equivalent ionic strength/temperature. A moderate stringency
hybridization is typically performed at about 50°C in about 6 x SSC, and a high stringency
hybridization reaction is generally performed at about 60°C in about 1 x SSC. Hybridization
reactions can also be performed under “physiological conditions” which is well known to one
of skill in the art. A non-limiting example of a physiological condition is the temperature,

ionic strength, pH and concentration of Mg*" normally found in a cell.

[0035] The term “polypeptide” is used interchangeably with the term “protein” and in its
broadest sense refers to a compound of two or more subunit amino acids, amino acid analogs
or peptidomimetics. The subunits may be linked by peptide bonds. In another embodiment,
the subunit may be linked by other bonds, e.g., ester, ether, etc. As used herein the term
“amino acid” refers to natural and/or unnatural or synthetic amino acids, including glycine
and both the D and L optical isomers, amino acid analogs and peptidomimetics. A peptide of
three or more amino acids is commonly called an oligopeptide if the peptide chain is short. If
the peptide chain is long, the peptide is commonly called a polypeptide or a protein. The

term “peptide fragment” as used herein, also refers to a peptide chain.

[0036] The phrase “equivalent polypeptide” or “biologically equivalent peptide or peptide
fragment” or “biologically equivalent polynucleotide” refers to a protein or a peptide
fragment which is homologous to the exemplified reference polynucleotide, protein or
peptide fragment and which exhibit similar biological activity in vitro or in vivo, e.g.,
approximately 100%, or alternatively, over 90% or alternatively over 85% or alternatively
over 70%, as compared to the standard or control biological activity. Additional
embodiments within the scope of this invention are identified by having more than 60%, or
alternatively, more than 65%, or alternatively, more than 70%, or alternatively, more than
75%, or alternatively, more than 80%, or alternatively, more than 85%, or alternatively, more
than 90%, or alternatively, more than 95%, or alternatively more than 97%, or alternatively,

more than 98% or 99% sequence identity or homology. Percentage homology can be
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determined by sequence comparison using programs such as BLAST run under appropriate

conditions. In one aspect, the program is run under default parameters.

[0037] The term “polynucleotide” refers to a polymeric form of nucleotides of any length,
either deoxyribonucleotides or ribonucleotides or analogs thereof. Polynucleotides can have
any three-dimensional structure and may perform any function, known or unknown. The
following are non-limiting examples of polynucleotides: a gene or gene fragment (for
example, a probe, primer, or EST), exons, introns, messenger RNA (mRNA), transfer RNA,
ribosomal RNA, ribozymes, cDNA, RNAi, siRNA, recombinant polynucleotides, branched
polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated RNA of any
sequence, nucleic acid probes and primers. A polynucleotide can comprise modified
nucleotides, such as methylated nucleotides and nucleotide analogs. If present, modifications
to the nucleotide structure can be imparted before or after assembly of the polynucleotide.
The sequence of nucleotides can be interrupted by non-nucleotide components. A
polynucleotide can be further modified after polymerization, such as by conjugation with a
labeling component. The term also refers to both double- and single-stranded molecules.
Unless otherwise specified or required, any embodiment of this invention that is a
polynucleotide encompasses both the double-stranded form and each of two complementary

single-stranded forms known or predicted to make up the double-stranded form.

[0038] A polynucleotide is composed of a specific sequence of four nucleotide bases:
adenine (A); cytosine (C); guanine (G); thymine (T); and uracil (U) for thymine when the
polynucleotide is RNA. Thus, the term “polynucleotide sequence” is the alphabetical
representation of a polynucleotide molecule. This alphabetical representation can be input
into databases in a computer having a central processing unit and used for bioinformatics

applications such as functional genomics and homology searching.

[0039] “Homology” or “identity” or “similarity” are synonymously and refers to sequence
similarity between two peptides or between two nucleic acid molecules. Homology can be
determined by comparing a position in each sequence which may be aligned for purposes of
comparison. When a position in the compared sequence is occupied by the same base or
amino acid, then the molecules are homologous at that position. A degree of homology
between sequences is a function of the number of matching or homologous positions shared
by the sequences. An “unrelated” or “non-homologous” sequence shares less than 40%
identity, or alternatively less than 25% identity, with one of the sequences of the present

invention.
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[0040] A polynucleotide or polynucleotide region (or a polypeptide or polypeptide region)
has a certain percentage (for example, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or
99%) of “sequence identity” to another sequence means that, when aligned, that percentage
of bases (or amino acids) are the same in comparing the two sequences. This alignment and
the percent homology or sequence identity can be determined using software programs
known in the art, for example those described in Ausubel et al. eds. (2007) Current Protocols
in Molecular Biology. Preferably, default parameters are used for alignment. One alignment
program is BLAST, using default parameters. In particular, programs are BLASTN and
BLASTP, using the following default parameters: Genetic code = standard; filter = none;
strand = both; cutoff = 60; expect = 10; Matrix = BLOSUM®62; Descriptions = 50 sequences;
sort by = HIGH SCORE; Databases = non-redundant, GenBank + EMBL + DDBJ + PDB +
GenBank CDS translations + SwissProtein + SPupdate + PIR. Details of these programs can
be found at the following Internet address: http://www.ncbi.nlm.nih.gov/blast/Blast.cgi, last
accessed on November 26, 2007. Biologically equivalent polynucleotides are those having
the specified percent homology and encoding a polypeptide having the same or similar

biological activity.

[0041] The term “non-contiguous” refers to the presence of an intervening peptide,
nucleotide, polypeptide or polynucleotide between a specified region and/or sequence. For
example, two polypeptide sequences are non-contiguous because the two sequences are
separated by a polypeptide sequences that is not homologous to either of the two sequences.
Non-limiting intervening sequences are comprised of at least a single amino acid or

nucleotide.

[0042] A “gene” refers to a polynucleotide containing at least one open reading frame
(ORF) that is capable of encoding a particular polypeptide or protein after being transcribed
and translated. Any of the polynucleotide or polypeptide sequences described herein may be
used to identify larger fragments or full-length coding sequences of the gene with which they
are associated. Methods of isolating larger fragment sequences are known to those of skill in

the art.

[0043] The term “express” refers to the production of a gene product such as RNA or a

polypeptide or protein.

[0044] As used herein, “expression” refers to the process by which polynucleotides are

transcribed into mRNA and/or the process by which the transcribed mRNA is subsequently
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being translated into peptides, polypeptides, or proteins. If the polynucleotide is derived from

genomic DNA, expression may include splicing of the mRNA in an eukaryotic cell.

[0045] The term “encode” as it is applied to polynucleotides refers to a polynucleotide
which is said to “encode” a polypeptide if, in its native state or when manipulated by methods
well known to those skilled in the art, it can be transcribed and/or translated to produce the
mRNA for the polypeptide and/or a fragment thereof. The antisense strand is the

complement of such a nucleic acid, and the encoding sequence can be deduced there from.

[0046] Applicants have provided herein the polypeptide and/or polynucleotide sequences
for use in gene and protein transfer and expression techniques described below. It should be
understood, although not always explicitly stated that the sequences provided herein can be
used to provide the expression product as well as substantially identical sequences that
produce a protein that has the same biological properties. These “biologically equivalent” or
“biologically active” polypeptides are encoded by equivalent polynucleotides as described
herein. They may possess at least 60%, or alternatively, at least 65%, or alternatively, at least
70%, or alternatively, at least 75%, or alternatively, at least 80%, or alternatively at least
85%, or alternatively at least 90%, or alternatively at least 95% or alternatively at least 98%,
identical primary amino acid sequence to the reference polypeptide when compared using
sequence identity methods run under default conditions. Specific polypeptide sequences are
provided as examples of particular embodiments. Modifications to the sequences to amino

acids with alternate amino acids that have similar charge.

[0047] A polynucleotide of this invention can be delivered to a cell or tissue using a gene

29 CC 29 CC

delivery vehicle. “Gene delivery,” “gene transfer,” “transducing,” and the like as used
herein, are terms referring to the introduction of an exogenous polynucleotide (sometimes
referred to as a “transgene”) into a host cell, irrespective of the method used for the
introduction. Such methods include a variety of well-known techniques such as vector-
mediated gene transfer (by, e.g., viral infection/transfection, or various other protein-based or
lipid-based gene delivery complexes) as well as techniques facilitating the delivery of
“naked” polynucleotides (such as electroporation, “gene gun” delivery and various other
techniques used for the introduction of polynucleotides). The introduced polynucleotide may
be stably or transiently maintained in the host cell. Stable maintenance typically requires that
the introduced polynucleotide either contains an origin of replication compatible with the host
cell or integrates into a replicon of the host cell such as an extrachromosomal replicon (e.g., a

plasmid) or a nuclear or mitochondrial chromosome. A number of vectors are known to be
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capable of mediating transfer of genes to mammalian cells, as is known in the art and

described herein.

[0048] A “composition” is intended to mean a combination of active polypeptide,
polynucleotide or antibody and another compound or composition, inert (e.g. a detectable
label) or active (e.g. a gene delivery vehicle) alone or in combination with a carrier which can
in one embodiment be a simple carrier like saline or pharmaceutically acceptable or a solid

support as defined below.

[0049] A “pharmaceutical composition” is intended to include the combination of an active
polypeptide, polynucleotide or antibody with a carrier, inert or active such as a solid support,

making the composition suitable for diagnostic or therapeutic use in vitro, in vivo or ex vivo.

[0050] As used herein, the term “pharmaceutically acceptable carrier” encompasses any of
the standard pharmaceutical carriers, such as a phosphate buffered saline solution, water, and
emulsions, such as an oil/water or water/oil emulsion, and various types of wetting agents.
The compositions also can include stabilizers and preservatives. For examples of carriers,
stabilizers and adjuvants, see Martin (1975) Remington’s Pharm. Sci., 15th Ed. (Mack Publ.
Co., Easton ).

[0051] A “subject,” “individual” or “patient” is used interchangeably herein, and refers to a
vertebrate, preferably a mammal, more preferably a human. Mammals include, but are not
limited to, murines, rats, rabbits, simians, bovines, ovines, porcines, canines, felines, farm

animals, sport animals, pets, equines, and primates, particularly humans.

[0052] “Cell,” “host cell” or “recombinant host cell” are terms used interchangeably herein.
It is understood that such terms refer not only to the particular subject cell but to the progeny
or potential progeny of such a cell. The cells can be of any one or more of the type murine,
rat, rabbit, simian, bovine, ovine, porcine, canine, feline, equine, and primate, particularly
human. Because certain modifications may occur in succeeding generations due to either
mutation or environmental influences, such progeny may not, in fact, be identical to the

parent cell, but are still included within the scope of the term as used herein.

[0053] As used herein, the term “ILC2 cell” an cell that is an innate immune cells cells are
derived from common lymphoid progenitor (CLP) and belong to the lymphoid lincage. These
cells are defined by absence of antigen specific B or T cell receptor because of the lack

of recombinantion activing gene (RAG). ILCs do not express myeloid or dendritic cell
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markers. Group 2 ILCs (JLC2s) can produce type 2 cytokines (e.g. IL-4, IL-5 1L-9 IL-13}.
The cells (also termed natural helper cells, nuocytes, or innate helper 2 cells ) have been
implicated in the development of allergic lung inflammation. They express characteristic
surface markers and receptors for chemokines, which are involved in distribution of
fymphoid cells to specitic organ sites. They require IL-7 for their development, which
activates two transcriptional factors (both required by these cells)}—ROR alpha and GATAS.
After stimulation with Th2 polarising cytokines (e g 1.-25, IL-33, TSLP) ILC2s start to
produce [L-5, IL-13, [L-9, {1 -4, ILCZs are critical for primary responses to local Th2
antigens e.g. allergens, helmints and viruses and that is why ILC2s are abundant in tissues of
skin, lungs, livers and gut. Murine ILC2s can be (CD3e, CD45R, Gr-1, CD11c, CD11b,
Ter119, NK1.1, TCR-ab and FCgammaRlI) negative CD25+ CD90.2+ CD45+ and ST2+.
Human ILC2s can be (CD3, CD14, CD16, CD19, CD20, CD356, CD235a, CD1a,

CD123) negative cells, CRTH2", CD1617, and CD45 ™

[0054] “Treating,” “treatment,” or “ameliorating” of a disease includes: (1) preventing the
disease, i.e., causing the clinical symptoms of the disease not to develop in a patient that may
be predisposed to the disease but does not yet experience or display symptoms of the disease;
and/or (2) inhibiting the disease, i.e., arresting or reducing the development of the disease or
its clinical symptoms; and/or (3) relieving the disease, i.e., causing regression of the disease

or its clinical symptoms.

[0055] An effective amount of therapeutic composition is determined based on the intended
goal. The term "unit dose" or "dosage" refers to physically discrete units suitable for use in a
subject, each unit containing a predetermined quantity of the composition calculated to
produce the desired responses discussed above in association with its administration, i.e., the
appropriate route and regimen. The quantity to be administered, both according to number of
treatments and unit dose, depends on the result and/or protection desired. Precise amounts of
the composition also depend on the judgment of the practitioner and are peculiar to each
individual. Factors affecting dose include physical and clinical state of the subject, route of
administration, intended goal of treatment (alleviation of symptoms versus cure), and
potency, stability, and toxicity of the particular composition. Upon formulation, solutions
will be administered in a manner compatible with the dosage formulation and in such amount
as 1s therapeutically or prophylactically effective. The formulations are easily administered

in a variety of dosage forms, such as the type of injectable solutions described above.
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[0056] “Administration” can be effected in one dose, continuously or intermittently
throughout the course of treatment. Methods of determining the most effective means and
dosage of administration are known to those of skill in the art and will vary with the
composition used for therapy, the purpose of the therapy, the target cell being treated, and the
subject being treated. Single or multiple administrations can be carried out with the dose
level and pattern being selected by the treating physician. Suitable dosage formulations and
methods of administering the agents are known in the art. Route of administration can also
be determined and method of determining the most effective route of administration are
known to those of skill in the art and will vary with the composition used for treatment, the
purpose of the treatment, the health condition or disease stage of the subject being treated,
and target cell or tissue. Non-limiting examples of route of administration include oral

administration, nasal administration, injection, and topical application.

[0057] The term “suffering” as it related to the term “treatment” refers to a patient or
individual who has been diagnosed with or is predisposed to a disease. A patient may also be
referred to being “at risk of suffering” from a disease. This patient has not yet developed
characteristic disease pathology, however are known to be predisposed to the disease due to
family history, being genetically predispose to developing the disease, or diagnosed with a

disease or disorder that predisposes them to developing the disease to be treated.

[0058] The terms "inflammatory response" and "inflammation" as used herein indicate the
complex biological response of vascular tissues of an individual to harmful stimuli, such as
pathogens, damaged cells, or irritants, and includes secretion of cytokines and, more
particularly, of pro-inflammatory cytokines, i.e. cytokines which are produced predominantly
by activated immune cells and are involved in the amplification of inflammatory reactions.
Exemplary pro-inflammatory cytokines include but are not limited to IL-1, IL-6, IL-10, TNF-
o, IL-17, 1121, 1123, IL27 and TGF-B. Exemplary inflammations include acute
inflammation and chronic inflammation. Acute inflammation indicates a short-term process
characterized by the classic signs of inflammation (swelling, redness, pain, heat, and loss of
function) due to the infiltration of the tissues by plasma and leukocytes. An acute
inflammation typically occurs as long as the injurious stimulus is present and ceases once the
stimulus has been removed, broken down, or walled off by scarring (fibrosis). Chronic
inflammation indicates a condition characterized by concurrent active inflammation, tissue
destruction, and attempts at repair. Chronic inflammation is not characterized by the classic
signs of acute inflammation listed above. Instead, chronically inflamed tissue is characterized
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by the infiltration of mononuclear immune cells (monocytes, macrophages, lymphocytes, and
plasma cells), tissue destruction, and attempts at healing, which include angiogenesis and
fibrosis. An inflammation can be inhibited in the sense of the present disclosure by affecting
and in particular inhibiting any one of the events that form the complex biological response
associated with an inflammation in an individual. An anti-inflammatory is an agent or drug

that provides this therapeutic response.

[0059] Examples of inflammatory disorders include, but are not limited to arthritis
(rheumatoid arthritis such as acute arthritis, chronic rheumatoid arthritis, type II collagen-
induced arthritis, infectious arthritis, Lyme arthritis, proliferative arthritis, psoriatic arthritis,
Still's disease, vertebral arthritis, and juvenile-onset rheumatoid arthritis, osteoarthritis,
arthritis chronica progrediente, arthritis deformans, polyarthritis chronica primaria, reactive
arthritis, and ankylosing spondylitis), inflammatory hyperproliferative skin diseases, psoriasis
such as plaque psoriasis, gutatte psoriasis, pustular psoriasis, and psoriasis of the nails, atopy
including atopic diseases such as hay fever and Job's syndrome, dermatitis including contact
dermatitis, chronic contact dermatitis, exfoliative dermatitis, allergic dermatitis, allergic
contact dermatitis, dermatitis herpetiformis, nummular dermatitis, seborrheic dermatitis, non-
specific dermatitis, primary irritant contact dermatitis, and atopic dermatitis, x-linked hyper
IgM syndrome, allergic intraocular inflammatory diseases, urticaria such as chronic allergic
urticaria and chronic idiopathic urticaria, including chronic autoimmune urticaria, myositis,
polymyositis/dermatomyositis, juvenile dermatomyositis, toxic epidermal necrolysis,
scleroderma (including systemic scleroderma), sclerosis such as systemic sclerosis, multiple
sclerosis (MS) such as spino-optical MS, primary progressive MS (PPMS), and relapsing
remitting MS (RRMS), progressive systemic sclerosis, atherosclerosis, arteriosclerosis,
sclerosis disseminata, ataxic sclerosis, neuromyelitis optica spectrum disorder (NMO, also
known as Devic’s Disease or Devic’s Syndrome), inflammatory bowel disease (IBD) (for
example, Crohn's disease, autoimmune-mediated gastrointestinal diseases, colitis such as
ulcerative colitis, colitis ulcerosa, microscopic colitis, collagenous colitis, colitis polyposa,
necrotizing enterocolitis, and transmural colitis, and autoimmune inflammatory bowel
disease), bowel inflammation, pyoderma gangrenosum, erythema nodosum, primary
sclerosing cholangitis, respiratory distress syndrome, including adult or acute respiratory
distress syndrome (ARDS), meningitis, inflammation of all or part of the uvea, iritis,
choroiditis, an autoimmune hematological disorder, rheumatoid spondylitis, rheumatoid

synovitis, hereditary angioedema, cranial nerve damage as in meningitis, herpes gestationis,

18



WO 2018/064633 PCT/US2017/054612

pemphigoid gestationis, pruritis scroti, autoimmune premature ovarian failure, sudden
hearing loss due to an autoimmune condition, IgE-mediated diseases such as anaphylaxis and
allergic and atopic rhinitis, encephalitis such as Rasmussen's encephalitis and limbic and/or
brainstem encephalitis, uveitis, such as anterior uveitis, acute anterior uveitis, granulomatous
uveitis, nongranulomatous uveitis, phacoantigenic uveitis, posterior uveitis, or autoimmune
uveitis, glomerulonephritis (GN) with and without nephrotic syndrome such as chronic or
acute glomerulonephritis such as primary GN, immune-mediated GN, membranous GN
(membranous nephropathy), idiopathic membranous GN or idiopathic membranous
nephropathy, membrano- or membranous proliferative GN (MPGN), including Type I and
Type 11, and rapidly progressive GN, proliferative nephritis, autoimmune polyglandular
endocrine failure, balanitis including balanitis circumscripta plasmacellularis, balanoposthitis,
erythema annulare centrifugum, erythema dyschromicum perstans, eythema multiform,
granuloma annulare, lichen nitidus, lichen sclerosus et atrophicus, lichen simplex chronicus,
lichen spinulosus, lichen planus, lamellar ichthyosis, epidermolytic hyperkeratosis,
premalignant keratosis, pyoderma gangrenosum, allergic conditions and responses, allergic
reaction, eczema including allergic or atopic eczema, asteatotic eczema, dyshidrotic eczema,
and vesicular palmoplantar eczema, asthma such as asthma bronchiale, bronchial asthma, and
auto-immune asthma, conditions involving infiltration of T cells and chronic inflammatory
responses, immune reactions against foreign antigens such as fetal A-B-O blood groups
during pregnancy, chronic pulmonary inflammatory disease, autoimmune myocarditis,
leukocyte adhesion deficiency, lupus, including lupus nephritis, lupus cerebritis, pediatric
lupus, non-renal lupus, extra-renal lupus, discoid lupus and discoid lupus erythematosus,
alopecia lupus, systemic lupus erythematosus (SLE) such as cutaneous SLE or subacute
cutaneous SLE, neonatal lupus syndrome (NLE), and lupus erythematosus disseminatus,
Type I diabetes, Type II diabetes, latent autoimmune diabetes in adults (or Type 1.5 diabetes)
Also contemplated are immune responses associated with acute and delayed hypersensitivity
mediated by cytokines and T-lymphocytes, sarcoidosis, granulomatosis including
lymphomatoid granulomatosis, Wegener's granulomatosis, agranulocytosis, vasculitides,
including vasculitis, large-vessel vasculitis (including polymyalgia rheumatica and gianT cell
(Takayasu's) arteritis), medium-vessel vasculitis (including Kawasaki's disease and
polyarteritis nodosa/periarteritis nodosa), microscopic polyarteritis, immunovasculitis, CNS
vasculitis, cutaneous vasculitis, hypersensitivity vasculitis, necrotizing vasculitis such as
systemic necrotizing vasculitis, and ANCA-associated vasculitis, such as Churg-Strauss

vasculitis or syndrome (CSS) and ANCA-associated small-vessel vasculitis, temporal
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arteritis, aplastic anemia, autoimmune aplastic anemia, Coombs positive anemia, Diamond
Blackfan anemia, hemolytic anemia or immune hemolytic anemia including autoimmune
hemolytic anemia (AIHA), Addison's disease, autoimmune neutropenia, pancytopenia,
leukopenia, diseases involving leukocyte diapedesis, CNS inflammatory disorders,
Alzheimer's disease, Parkinson's disease, multiple organ injury syndrome such as those
secondary to septicemia, trauma or hemorrhage, antigen-antibody complex-mediated
diseases, anti-glomerular basement membrane disease, anti-phospholipid antibody syndrome,
anti-phospholipid syndrome, allergic neuritis, Behcet's disease/syndrome, Castleman's
syndrome, Goodpasture's syndrome, Reynaud's syndrome, Sjogren's syndrome, Stevens-
Johnson syndrome, pemphigoid such as pemphigoid bullous and skin pemphigoid,
pemphigus (including pemphigus vulgaris, pemphigus foliaceus, pemphigus mucus-
membrane pemphigoid, and pemphigus erythematosus), autoimmune polyendocrinopathies,
Reiter's disease or syndrome, thermal injury, preeclampsia, an immune complex disorder
such as immune complex nephritis, antibody-mediated nephritis, polyneuropathies, chronic
neuropathy such as IgM polyneuropathies or IgM-mediated neuropathy, autoimmune or
immune-mediated thrombocytopenia such as idiopathic thrombocytopenic purpura (ITP)
including chronic or acute ITP, acquired thrombocytopenic purpura, scleritis such as
idiopathic cerato-scleritis, episcleritis, autoimmune disease of the testis and ovary including
autoimmune orchitis and oophoritis, primary hypothyroidism, hypoparathyroidism,
autoimmune endocrine diseases including thyroiditis such as autoimmune thyroiditis,
Hashimoto's disease, chronic thyroiditis (Hashimoto's thyroiditis), or subacute thyroiditis,
autoimmune thyroid disease, idiopathic hypothyroidism, Grave's disease, polyglandular
syndromes such as autoimmune polyglandular syndromes (or polyglandular endocrinopathy
syndromes), paraneoplastic syndromes, including neurologic paraneoplastic syndromes such
as Lambert-Eaton myasthenic syndrome or Eaton-Lambert syndrome, stiff-man or stift-
person syndrome, encephalomyelitis such as allergic encephalomyelitis or encephalomyelitis
allergica and experimental allergic encephalomyelitis (EAE), myasthenia gravis such as
thymoma-associated myasthenia gravis, cerebellar degeneration, neuromyotonia, opsoclonus
or opsoclonus myoclonus syndrome (OMS), and sensory neuropathy, multifocal motor
neuropathy, Sheehan's syndrome, autoimmune hepatitis, chronic hepatitis, lupoid hepatitis,
gianT cell hepatitis, chronic active hepatitis or autoimmune chronic active hepatitis,
lymphoid interstitial pneumonitis (LIP), bronchiolitis obliterans (non-transplant) vs NSIP,
Guillain-Barre syndrome, Berger's disease (IgA nephropathy), idiopathic IgA nephropathy,

linear IgA dermatosis, acute febrile neutrophilic dermatosis, subcorneal pustular dermatosis,
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transient acantholytic dermatosis, cirrhosis such as primary biliary cirrhosis and
pneumonocirrhosis, autoimmune enteropathy syndrome, Celiac or Coeliac disease, celiac
sprue (gluten enteropathy), refractory sprue, idiopathic sprue, cryoglobulinemia,
amylotrophic lateral sclerosis (ALS; Lou Gehrig's disease), coronary artery disease,
autoimmune ear disease such as autoimmune inner ear disease (AIED), autoimmune hearing
loss, polychondritis such as refractory or relapsed or relapsing polychondritis, pulmonary
alveolar proteinosis, Cogan's syndrome/nonsyphilitic interstitial keratitis, Bell's palsy,
Sweet's disease/syndrome, rosacea autoimmune, zoster-associated pain, amyloidosis, a non-
cancerous lymphocytosis, a primary lymphocytosis, which includes monoclonal B cell
lymphocytosis (e.g., benign monoclonal gammopathy and monoclonal gammopathy of
undetermined significance, MGUS), peripheral neuropathy, paraneoplastic syndrome,
channelopathies such as epilepsy, migraine, arrhythmia, muscular disorders, deatness,
blindness, periodic paralysis, and channelopathies of the CNS, autism, inflammatory
myopathy, focal or segmental or focal segmental glomerulosclerosis (FSGS), endocrine
ophthalmopathy, uveoretinitis, chorioretinitis, autoimmune hepatological disorder,
fibromyalgia, multiple endocrine failure, Schmidt's syndrome, adrenalitis, gastric atrophy,
presenile dementia, demyelinating diseases such as autoimmune demyelinating diseases and
chronic inflammatory demyelinating polyneuropathy, Dressler's syndrome, alopecia greata,
alopecia totalis, CREST syndrome (calcinosis, Raynaud's phenomenon, esophageal
dysmotility, sclerodactyly, and telangiectasia), male and female autoimmune infertility, e.g.,
due to anti-spermatozoan antibodies, mixed connective tissue disease, Chagas' disease,
rheumatic fever, recurrent abortion, farmer's lung, erythema multiforme, post-cardiotomy
syndrome, Cushing's syndrome, bird-fancier's lung, allergic granulomatous angiitis, benign
lymphocytic angiitis, Alport's syndrome, alveolitis such as allergic alveolitis and fibrosing
alveolitis, interstitial lung disease, transfusion reaction, leprosy, malaria, parasitic diseases
such as leishmaniasis, kypanosomiasis, schistosomiasis, ascariasis, aspergillosis, Sampter's
syndrome, Caplan's syndrome, dengue, endocarditis, endomyocardial fibrosis, diffuse
interstitial pulmonary fibrosis, interstitial lung fibrosis, pulmonary fibrosis, idiopathic
pulmonary fibrosis, cystic fibrosis, endophthalmitis, erythema elevatum et diutinum,
erythroblastosis fetalis, eosinophilic faciitis, Shulman's syndrome, Felty's syndrome, flariasis,
cyclitis such as chronic cyclitis, heterochronic cyclitis, iridocyclitis (acute or chronic), or
Fuch's cyclitis, Henoch-Schonlein purpura, human immunodeficiency virus (HIV) infection,
SCID, acquired immune deficiency syndrome (AIDS), echovirus infection, sepsis,

endotoxemia, pancreatitis, thyroxicosis, parvovirus infection, rubella virus infection, post-
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vaccination syndromes, congenital rubella infection, Epstein-Barr virus infection, mumps,
Evan's syndrome, autoimmune gonadal failure, Sydenham's chorea, post-streptococcal
nephritis, thromboangitis ubiterans, thyrotoxicosis, tabes dorsalis, chorioiditis, gianT cell
polymyalgia, chronic hypersensitivity pneumonitis, keratoconjunctivitis sicca, epidemic
keratoconjunctivitis, idiopathic nephritic syndrome, minimal change nephropathy, benign
familial and ischemia-reperfusion injury, transplant organ reperfusion, retinal autoimmunity,
joint inflammation, bronchitis, chronic obstructive airway/pulmonary disease, silicosis,
aphthae, aphthous stomatitis, arteriosclerotic disorders, asperniogenese, autoimmune
hemolysis, Boeck's disease, cryoglobulinemia, Dupuytren's contracture, endophthalmia
phacoanaphylactica, enteritis allergica, erythema nodosum leprosum, idiopathic facial
paralysis, chronic fatigue syndrome, febris rheumatica, Hamman-Rich's disease, sensoneural
hearing loss, haemoglobinuria paroxysmatica, hypogonadism, ileitis regionalis, leucopenia,
mononucleosis infectiosa, traverse myelitis, primary idiopathic myxedema, nephrosis,
ophthalmia symphatica, orchitis granulomatosa, pancreatitis, polyradiculitis acuta, pyoderma
gangrenosum, Quervain's thyreoiditis, acquired spenic atrophy, non-malignant thymoma,
vitiligo, toxic-shock syndrome, food poisoning, conditions involving infiltration of T cells,
leukocyte-adhesion deficiency, immune responses associated with acute and delayed
hypersensitivity mediated by cytokines and T-lymphocytes, diseases involving leukocyte
diapedesis, multiple organ injury syndrome, antigen-antibody complex-mediated diseases,
antiglomerular basement membrane disease, allergic neuritis, autoimmune
polyendocrinopathies, oophoritis, primary myxedema, autoimmune atrophic gastritis,
sympathetic ophthalmia, rheumatic diseases, mixed connective tissue disease, nephrotic
syndrome, insulitis, polyendocrine failure, autoimmune polyglandular syndrome type I, adult-
onset idiopathic hypoparathyroidism (AOIH), cardiomyopathy such as dilated
cardiomyopathy, epidermolisis bullosa acquisita (EBA), hemochromatosis, myocarditis,
nephrotic syndrome, primary sclerosing cholangitis, purulent or nonpurulent sinusitis, acute
or chronic sinusitis, ethmoid, frontal, maxillary, or sphenoid sinusitis, an eosinophil-related
disorder such as eosinophilia, pulmonary infiltration eosinophilia, eosinophilia-myalgia
syndrome, Loffler's syndrome, chronic eosinophilic pneumonia, tropical pulmonary
eosinophilia, bronchopneumonic aspergillosis, aspergilloma, or granulomas containing
eosinophils, anaphylaxis, seronegative spondyloarthritides, polyendocrine autoimmune
disease, sclerosing cholangitis, sclera, episclera, chronic mucocutaneous candidiasis, Bruton's
syndrome, transient hypogammaglobulinemia of infancy, Wiskott-Aldrich syndrome, ataxia

telangiectasia syndrome, angiectasis, autoimmune disorders associated with collagen disease,
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rheumatism, neurological disease, lymphadenitis, reduction in blood pressure response,
vascular dysfunction, tissue injury, cardiovascular ischemia, hyperalgesia, renal ischemia,
cerebral ischemia, and disease accompanying vascularization, allergic hypersensitivity
disorders, glomerulonephritides, reperfusion injury, ischemic re-perfusion disorder,
reperfusion injury of myocardial or other tissues, lymphomatous tracheobronchitis,
inflammatory dermatoses, dermatoses with acute inflammatory components, multiple organ
failure, bullous diseases, renal cortical necrosis, acute purulent meningitis or other central
nervous system inflammatory disorders, ocular and orbital inflammatory disorders,
granulocyte transfusion-associated syndromes, cytokine-induced toxicity, narcolepsy, acute
serious inflammation, chronic intractable inflammation, pyelitis, endarterial hyperplasia,
peptic ulcer, valvulitis, emphysema, alopecia areata, adipose tissue inflammation/diabetes

type II, obesity associated adipose tissue inflammation/insulin resistance, and endometriosis.

[0060] GTS-21 is also known as 3-[(3£)-3-[(2,4-dimethoxyphenyl )methylidene]-5,6-
dihydro-4H-pyridin-2-yl]pyridine, havin the structure:

[0061] 4-OH-GTS-2lis also known as 3-{4-hydroxy, 2-Methoxybenzylidene)anabaseine
(see Meyer EM, et al. “Analysis of 3-(4-hydroxy, 2-Methoxybenzylidene)anabaseine
selectivity and activity at human and rat alpha-7 nicotinic receptors”™) Jowrnal of

Pharmacology and Fxperimenial Therapeutics. 1998 Dec287(3)918-25.
[0062] TC-5619 (also known as Bradanicline) has the chemcical structure:

/N\

@Q—«"@
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[0063] AZD1446 (also known as 3-(5-Chloro-2-furoyl)-3,7-diazabicyclo[3.3.0]octane, has
the chemical as reported in Mazurov, et al. (2012) J. Med. Chem. 55(21), 9181-9194).

[0064] TC-6987-23 is disclosed and the method for making it is found in US Patent Nos.
8,476,296; 8,901,151; 9,173,876 and 8,124,619.
[0065] PHAS43613 has the chemical structure:

HN/]O
No A
SR
N

[0066] PHAS68487 (CAS 527680-57-5, N-(3R}1-Azabicyclo{2 2. 2loct-3-vi-2 3-dihydro-
1. 4-benzodioxin-G-carbogamide fumarate) is commercially available from R& D sytems

(Catalog # 3134).

[0067] PNU282987 V-{3R}-1-Azabicyclof2 2 Zioct-3-yi-d-chiorobenzamide} ia

commercially available from Tocoris (Catalog No. 2303} It has the chemical structure:

(). ]

I=

izl

[0068] A “steroid” is an organic compound with four rings arranged in a specific molecular
configuration. Non-limiting examples include lipid cholesterol, estradiof, testosterone, and

dexamethasone.

[0069] A “corticosteroid” is a member of a class of compounds that are produced in the
adrenal cortex of vertebrates, as well as the synthetic analogues of these hormones. Non-

Hmiting examples wclude cortisol, corticosterone, cortisone, and aldosterone.

[0070] An antibiotic intends compounds that treat or prevent bacterial infections. Non-
limiting examples include penicillins such as penicillin and amoxicillin, cephalosporins such
as cephalexin, macrolides such as erythromycin,clarithromycin, and azithromycin,
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fluoroquinolones such as ciprofloxacin, levofloxacin, and ofloxacin, sulfonamides such as co-
trimoxazole and trimethoprim, tetracyclines such as tetracycline and doxycycline, and

aminoglycosides such as gentamicin and tobramycin.

[0071] An alpha blocker is a pharmacological agent that acts as neutral antagonists of
alpha-adrenergic recepiors. Non-limiting examples include phenoxybenzamine,
phentolamine, tolazoline, trazodone, alfuzosin, doxazosin, prazosin, tamsulosin, terazosin

silodosin, atipamezole, idazoxan, mirtazapine and yohimbine,

[0072] A betais a competitive antagounist that block the beta-adrenergic receptors. Non-
limiting examples include acebutolol, atenolol, betaxolol, bisoprolol fumarate, carvedilol,

esmolol, labetalol, metaprolol, nadolol, nebivolol, penbutolol, pindolol, setlol, and timolol.

[0073] An antihistamine is a drug that inhibits the activity of histimine receptors. Non-
limiting examples include azelastine, azelastine, carbinoxamine, cyproheptadine,

desloratadine, emedastine, hydroxyzine, and levocabastine.

[0074] A blocking antibody against Th2 cytokine intends an antibody or fragment thereof
that inhibits Th2 cytokine production.

[0075] Immunolgobulin E or “IgE” intends an antibody isotype.

[0076] An “effective amount” is an amount sufficient to effect beneficial or desired results.
An effective amount can be administered in one or more administrations, applications or
dosages. Such delivery is dependent on a number of variables including the time period for
which the individual dosage unit is to be used, the bioavailability of the therapeutic agent, the
route of administration, etc. It is understood, however, that specific dose levels of the
therapeutic agents disclosed herein for any particular subject depends upon a variety of
factors including the activity of the specific compound employed, bioavailability of the
compound, the route of administration, the age of the animal and its body weight, general
health, sex, the diet of the animal, the time of administration, the rate of excretion, the drug
combination, and the severity of the particular disorder being treated and form of
administration. In general, one will desire to administer an amount of the compound that is
effective to achieve a serum level commensurate with the concentrations found to be
effective in vivo. These considerations, as well as effective formulations and administration

procedures are well known in the art and are described in standard textbooks.
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[0077] In one aspect, the term "equivalent" means the ability of the chemical, protein,
antibody or protein to selectively interact with its target protein, DNA, RNA or fragment
thereof as measured by the activation of the target protein, incorporation of the chemical into
the DNA or RNA or other suitable methods. Equivalents include, but are not limited to,
those agents with the same or similar biological activity and include, without limitation a
pharmaceutically acceptable salt or mixtures thereof that interact with and/or inactivate the

same target protein, DNA, or RNA as the reference chemical.
Modes For Carrying Out The Aspects of the Disclosure

[0078] This disclosure provides one or more of:

a. reducing ILC2 effector function;

=

repressing [C2-dependent AHR,;

c. decreasing expression of ILC2 transcription factor GATA-3;

d. decreasing expression of ILC2 inflammatory modulator NF-xB;

e. reducing phosphorylation of kinase IKKo/B; or

f  reducing ILC2-mediated cytokine production;
by methods comprising, or alternatively consisting essentially of, or yet further consisting of,
contacting an ILC2-cell expressing a7-nicotine acetylcholne receptor (a.7nAChr) or a tissue
containing such cell, with an effective amount of an a7nAChr agonist, that is optionally
contacted in one or more doses. In one aspect, the an a7nAChr agonist comprises an active
form of GTS-21, or an equivalent or a pharmaceutically acceptable salt thereof. A non-
limiting example of the active form of GTS-21 comprises 4-OH-GTS-21, or a
pharmaceutically acceptable salt thereof. In a further aspect, equivalent interacts with the a7-
specific residues located at loop C (Arg182 and Glu185) and loop F (Glu158 and Asp160).
The method can further comprise contacting the cell with an effective amount of an
additional agent selected from the group of: a anti-inflammatory agent, a steroid, a
corticosteroid, an antibiotic, an alpha blocker, a beta blocke, an antihistamine, a blocking
antibody against Th2 cytokines, an IgE, a LABA, a SABA, a LAMA, and an MABA, to the
subject, that is optionally administered concurrently or sequentially in one or more doses.
One of skill in the art can determine when the object of the method has been met by assaying

for the recited function in vitro using methods known in the art and as disclosed herein.
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[0079] The method can be practiced in vitro or in vivo, as exemplified herein and the ILC2
is an animal cell or a mammalian cell, non-limitng examples of such include a human cell, a

canine cell, a murine cell, a feline cell, a bovine cell or an equine cell.

[0080] Also provided herein is a method for one or more of

reducing ILC2 effector function;

o @

repressing [C2-dependent AHR,;
decreasing expression of ILC2 transcription factor GATA-3;

e o

decreasing expression of ILC2 inflammatory modulator NF-kB;
reducing phosphorylation of kinase IKKa/f3;
reducing ILC2-mediated cytokine production;

treating and/or ameliorating AHR,;

= r Moo

treating and/or ameliorating allergic inflammation; oe

—

treating and/or ameliorating an inflammatory condition,

in a subject in need thereof, comprising, or alternatively consisting essentially of, or yet
further consisting of administering to the subject an effective amount of effective amount of
an a7nAChr agonist. In one aspect, the an a7nAChr agonist comprises an active form of
GTS-21, or an equivalent or a pharmaceutically acceptable salt thereof. In another aspect, the
active form of GTS-21 comprises 4-OH-GTS-21, or a pharmaceutically acceptable salt
thereof. A non-limiting example of an equivalent is a compound or other active agent (e.g.
antibody or peptide) that interacts with the a7-specific residues located at loop C (Arg182
and Glu185) and loop F (Glu158 and Asp160). The method can further comprise
administering to the subject an effective amount of an additional agent selected from the
group of: an anti-inflammatory agent, a steroid, a corticosteroid, an antibiotic, an alpha
blocker, a beta blocke, an antihistamine, a blocking antibody against Th2 cytokines, an IgE, a
LABA, a SABA, a LAMA, and an MABA, to the subject, that is optionally administered
concurrently or sequentially in one or more doses. One of skill in the art can determine when
the object of the method has been met by assaying for the recited function in vivo using

methods known in the art and as disclosed herein.

[0081] In one aspect, the subject is an animal or a human. When the subject is a non-human
animal, the method is useful to screen for additional or complementary agents for
administration. In a further aspect, the mammal is of the group of a human, a canine, a

murine, a feline, a bovine, or an equine.
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[0082] Further provided are methods for treating or ameliorating the symptoms of a disease
or condition related to ILC2 effector function in a subject, or for treating or ameliorating an
inflammatory condition or disease in a subject need thereof, the method comprising
administering an effective amount of an a7nAChr agonist to the subject. In one aspect the
a7nAChr agonist is GTS-21, or an equivalent or a pharmaceutically acceptable salt thereof.
Non-limiting examples of a disease or condition related to ILC2 effector function include
inflammatory disorders such as acute and chronic inflammatory disorders, rheumatoid
arthritis, COPD, IBS, Crohn’s disease, ulcerative colitis, a food allergy, allergic asthma, non-
allergic asthma, lung inflammation, mucosal inflammation, nasal polyps, eczema, and atopic

dermatitis.

[0083] In one aspect, the disese or condition is COPD or asthma. The a7nAChr agonist is
GTS-21, or an equivalent or a pharmaceutically acceptable salt thereof is combined with one
or more of the following agents in a single or separate administration as determined by the
treating physician: LABA (Long-acting beta-agonist bronchodilators, such as bambuterol,
clenbuterol, formoterol, salmeterol, carmoterol, milveterol, vilanterol, indacaterol, saligenin-
or indole- containing and adamantyl-derived 2 agonists, and pharmaceutically acceptable
salts, esters, or isomers thereof, SABA (short-acting beta-agonist bronchodilators) such as
salbutamol (albuterol), levalbuterol, pirbuteroi, terbutaline, epinephrine, or a
pharmaceutically acceptable salts thereof; LAMA (long-acting muscarinic antagonist), such
as tiotropium bromide, glycopyrronium bromide; aclidinium bromide, umeclidinium
bromide, and pharmaceutically acceptable salts, esters, or isomers thereof, muscarinic
antagonists, and pharmaceutically acceptable salts, esters, or isomers thereof, examples of
such include without limitation atropine, hyoscyamine, hyoscine butylbromide,
hydrobromide, ipratropium, tropicamide, cyclopentolate, and pirenzepine (additonal
examples can be found at the web address en.wikipedia.org/wiki/Muscarinic_antagonist),
inhaled corticosteroids such as beclomethasone diproprionate, fluticasone furoate or
fluticasone proprionate, ciclesonide, mometasone furoate, budesonide, flunisolide, or
triamcinolone or a mixture thereof, and pharmaceutically acceptable salts, esters, or isomers
thereof, MABA (Bifunctional Muscarinic Antagonist-Beta2 Agonist), such as GSK961081,
CHF 6366, AZD8999(LLAS190792), AZD8871, and pharmaceutically acceptable salts, esters,

or isomers thereof.

[0084] In one aspect, the a7nAChr agonist, e.g., GTS-21 or a pharmaceutically acceptable

salt thereof is coadmininistered with an effective amount of an anti-inflammatory identified
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herein, such as a steroid or corticosteroid, or an antibiotic, an alpha or beta blocker, an
antihistamine, a blocking antibody against Th2 cytokine and IgE. These can be administered
to reduce inflammation, mucosal inflammation, nasal polyps, eczema, and atopic dermatitis.

Formulations containing the active ingredients are further provided herein.

[0085] In a further aspect, the a7nAChr agonist such as GTS-21, or an equivalent or a
concurrently or sequentially. In one aspect, an effective amount of the a7nAChr agonist such
as GTS-21, or an equivalent or a pharmaceutically acceptable salt thereof is combined with
an effective amount of the anti-inflammatory such as a steroid or corticosteroid, or
antibiotics, alpha and beta blockers, antihistamine, blocking antibodies against Th2 cytokines

and IgE, in a single formulation for simultaneous administration.

[0086] For the purpose of the method , the subject is an animal or a mammal, e.g., a human,

a canine, a murine, a feline, a bovine or an equine.

[0087] In one aspect, the compostions as described herein treat and/or ameliorating disease
or conditions are administed in a formulation appropriate for the disease and subject. For
example to treat and/or ameliorat AHR, the agents are administered by inhalantion thereby
targeting respiratory inflammation; or as a gum, syrup or cream for upper respiratory
inflammation including nasal polyps, soar throats and cough (upper respiratory
inflammation). Alternatively they can be administered as a topic formulation such as a hand
cream for eczema and dermatitis; or as an oral administration to target upper and lower GI
tract inflammation, including IBD and food allergy or systemic or local administration to
target systemic or local inflammation related to ILC2s and other immune cells. For the
treatment and/or amelioration of rheumatoid arthritis, systemic or local administration is used

to target systemic or local inflammation relted to ILC2s and other immune cells.

[0088] Applicant’s results as shown herein provide evidence that the a7nAChr agonist such
as GTS-21, or an equivalentmajor, provides the therapeutic benefit as claimed. A major
breakthrough in the generation of humanized mice was the development of immunodeficient
mice bearing a targeted IL-2Rc mutation. These mice permit functional in vivo studies of
human cells and tissues. Models have been developed in which immunodeficient alymphoid
mice are ‘humanized’, by adoptive transfer of sorted human cells such as ILC2s (see for
example Figure 7B of Galle-Treger et al. (2016). Nicotinic acetylcholine receptoragonist
attenuates ILC2-Dependent airway hyperreactivity. Nat. Commun. 7, 13202, doi:

10.1038/ncomms13202). These animals can be challenged with allergens or other stimuli,
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after which disease phenotypes, such as airway hyperreactivity (AHR), inflammation and
eosinophilia, can be measured. This system allows the study the cellular or molecular
pathways that target 1LC2s and ILC2 related diseases, including inflammatory disordes such
as upper respiratory inflammation, lower respiratory inflammation, rhinitis, sinusitis, allergic
and non allergic asthma, eczema, atopic dermatitis, rheumatological diseases including
rheumatoid arthritis and finally diseases related to main ILC2 enriched region including
mucosal tissues and intestinal tract (inflammatory bowel diseases (IBD),

including Crohn's disease (CD) and ulcerative colitis (UC) and food allergy.

[0089] Further provided herein are compositions comprising an a.7nAChr agonist as
described herein and anti-inflammatory such as a steroid or corticosteroid, or antibiotics,
alpha and beta blockers, antihistamine, blocking antibodies against Th2 cytokines and IgE.
In a further aspect, an effective amount (e.g., a therapeutically effective amount) is provided
in the formulation. The formulation is prepared for appropriate administration, e.g., locally

or systemically, topically, by inhalation, ingestion (orally), or by infusion.

[0090] Also provided herein is a method for screening for an a7nAChr agonist, comprising,
or alternatively consisting essentially of, or yet further consisting of, contacting an ILC2 cell
expressing o.7nAChr or tissue sample comprising ILC2 cells expressing a7nAChr, with a test

agent and evaluating for the cell or tissue for one or more of:

reducing ILC2 effector function;

o ®

decreasing expression of ILC2 transcription factor GATA-3;

decreasing expression of ILC2 inflammatory modulator NF-kB;

e o

reducing phosphorylation of kinase IKKa/f3;
reducing ILC2-mediated cytokine production;
treating and/or ameliorating AHR,;

treating and/or ameliorating allergic inflammation; or

= . oo

treating and/or ameliorating an inflammatory condition or response related to
ILC-2 effector function.

wherein a measured response of a. to h. identifies the test agent as a possible a7nAChr
agonist. One of skill in the art can determine when the object of the method has been met by
assaying for the recited function in vifro or in vivo using methods known in the art and as

disclosed herein.
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[0091] In one aspect, the method further comprises comparing the activity of the test agent
with the a7nAChr agonist activity of 4-OH-GTS-21. The method can further comprise
contacting the cell or tissue or by administering to the subject an effective amount of an
additional agent selected from the group of: an anti-inflammatory agent, a steroid, a
corticosteroid, an antibiotic, an alpha blocker, a beta blocke, an antihistamine, a blocking
antibody against Th2 cytokines, an IgE, a LABA, a SABA, a LAMA, and an MABA, that is
optionally contacted or administered concurrently or sequentially in one or more doses or

adminstrations.

[0092] The contacting can be in vitro or in vivo, and/or the ILC2 is an animal cell or a
mammalian cell, non-limiting examples of such include a human cell, a canine cell, a murine

cell, a feline cell, a bovine cell or an equine cell.

[0093] Further provided herein is a method for screening for an agent that treats or
ameliorates ILC2-mediated AHR and/or allergic inflammation and/or inflammation,
comprising, or alternatively consisting essentially of, or yet further consisting of:
administering to a subject suffering ILC2-mediated AHR and/or allergic inflammation an
amount of ILC2-mediated AHR and/or allergic inflammation, wherein a measured response
identifies the test agent as a possible a7nAChr agonist. In one aspect, the method further
comprises comparing the activity of the test agent with the a7nAChr agonist activity of 4-
OH-GTS-21. The method can further comprise contacting the cell or tissue or by
administering to the subject an effective amount of an additional agent selected from the
group of: a anti-inflammatory agent, a steroid, a corticosteroid, an antibiotic, an alpha
blocker, a beta blocke, an antihistamine, a blocking antibody against Th2 cytokines, an IgE, a
LABA, a SABA, a LAMA, and an MABA, that is optionally contacted or administered
concurrently or sequentially in one or more doses or adminstrations. One of skill in the art
can determine when the object of the method has been met by assaying for the recited
function in vivo using methods known in the art and as disclosed herein. The subject is of the

group of: a human, a canine, a murine, a feline, a bovine or an equine.

[0094] The agonist compounds of the technology can be administered by parenteral (e.g.,
intramuscular, intraperitoneal, intravenous, ICV, intracisternal injection or infusion,
subcutaneous injection, or implant), oral, by inhalation spray nasal, vaginal, rectal,
sublingual, urethral (e.g., urethral suppository) or topical routes of administration (e.g., gel,

ointment, cream, aerosol, etc.) and can be formulated, alone or together, in suitable dosage
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unit formulations containing conventional non-toxic pharmaceutically acceptable carriers,

adjuvants, excipients, and vehicles appropriate for each route of administration.
Compositions and Formulations

[0095] In one embodiment, this technology relates to a composition comprising a

compound as described herein and a carrier.

[0096] In another embodiment, this technology relates to a pharmaceutical composition

comprising a compound as described herein and a pharmaceutically acceptable carrier.

[0097] In another embodiment, this technology relates to a pharmaceutical composition
comprising a therapeutically effective amount of a compound as described herein and a

pharmaceutically acceptable carrier.

[0098] The pharmaceutical compositions for the administration of the compounds can be
conveniently presented in dosage unit form and can be prepared by any of the methods well
known in the art of pharmacy. The pharmaceutical compositions can be, for example,
prepared by uniformly and intimately bringing the compounds provided herein into
association with a liquid carrier, a finely divided solid carrier or both, and then, if necessary,
shaping the product into the desired formulation. In the pharmaceutical composition the
compound provided herein is included in an amount sufficient to produce the desired
therapeutic effect. For example, pharmaceutical compositions of the technology may take a
form suitable for virtually any mode of administration, including, for example, topical,
ocular, oral, buccal, systemic, nasal, injection, infusion, transdermal, rectal, and vaginal, or a

form suitable for administration by inhalation or insufflation.

[0099] For topical administration, the compounds can be formulated as solutions, gels,

ointments, creams, suspensions, etc., as is well-known in the art.

[0100] Systemic formulations include those designed for administration by injection (e.g.,
subcutaneous, intravenous, infusion, intramuscular, intrathecal, or intraperitoneal injection)

as well as those designed for transdermal, transmucosal, oral, or pulmonary administration.

[0101] Useful injectable preparations include sterile suspensions, solutions, or emulsions of
the compounds provided herein in aqueous or oily vehicles. The compositions may also
contain formulating agents, such as suspending, stabilizing, and/or dispersing agents. The
formulations for injection can be presented in unit dosage form, e.g., in ampules or in

multidose containers, and may contain added preservatives.
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[0102] Alternatively, the injectable formulation can be provided in powder form for
reconstitution with a suitable vehicle, including but not limited to sterile pyrogen free water,
buffer, and dextrose solution, before use. To this end, the compounds provided herein can be

dried by any art-known technique, such as lyophilization, and reconstituted prior to use.

[0103] For transmucosal administration, penetrants appropriate to the barrier to be

permeated are used in the formulation. Such penetrants are known in the art.

[0104] For oral administration, the pharmaceutical compositions may take the form of, for
example, lozenges, tablets, or capsules prepared by conventional means with
pharmaceutically acceptable excipients such as binding agents (e.g., pregelatinised maize
starch, polyvinylpyrrolidone, or hydroxypropyl methylcellulose); fillers (e.g., lactose,
microcrystalline cellulose, or calcium hydrogen phosphate); lubricants (e.g., magnesium
stearate, talc, or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or
wetting agents (e.g., sodium lauryl sulfate). The tablets can be coated by methods well known

in the art with, for example, sugars, films, or enteric coatings.

[0105] Compositions intended for oral use can be prepared according to any method known
to the art for the manufacture of pharmaceutical compositions, and such compositions may
contain one or more agents selected from the group consisting of sweetening agents,
flavoring agents, coloring agents, and preserving agents in order to provide pharmaceutically
elegant and palatable preparations. Tablets contain the compounds provided herein in
admixture with non-toxic pharmaceutically acceptable excipients which are suitable for the
manufacture of tablets. These excipients can be for example, inert diluents, such as calcium
carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate; granulating
and disintegrating agents (e.g., corn starch or alginic acid); binding agents (e.g. starch,
gelatin, or acacia); and lubricating agents (e.g., magnesium stearate, stearic acid, or talc).
The tablets can be left uncoated or they can be coated by known techniques to delay
disintegration and absorption in the gastrointestinal tract and thereby provide a sustained
action over a longer period. For example, a time delay material such as glyceryl
monostearate or glyceryl distearate can be employed. They may also be coated by the
techniques well known to the skilled artisan. The pharmaceutical compositions of the

technology may also be in the form of oil-in-water emulsions.

[0106] Liquid preparations for oral administration may take the form of, for example,

elixirs, solutions, syrups, or suspensions, or they can be presented as a dry product for
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constitution with water or other suitable vehicle before use. Such liquid preparations can be
prepared by conventional means with pharmaceutically acceptable additives such as
suspending agents (e.g., sorbitol syrup, cellulose derivatives, or hydrogenated edible fats);
emulsifying agents (e.g., lecithin, or acacia); non-aqueous vehicles (e.g., almond oil, oily
esters, ethyl alcohol, cremophore™, or fractionated vegetable oils); and preservatives (e.g.,
methyl or propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain

buffer salts, preservatives, flavoring, coloring, and sweetening agents as appropriate.
Kits

[0107] The compounds and compositions, as described herein, can be provided in kits. The
kits can further contain additional dUTPase inhibitors and optionally, instructions for use. In
a further aspect, the kit contains reagents and instructions to perform the screen to identify

patients more likely to respond to the therapy as described above.
Experimental
a7nAChR agonists and 0.7nAChR expression by ILC2s

[0108] Allergic asthma is a complex and chronic inflammatory disorder that is associated
with airway hyperreactivity (AHR) and driven by Th2 cytokine secretion. Type 2 innate
lymphoid cells (ILC2s) produce large amounts of Th2 cytokines and contribute to the
development of AHR. Here, Applicants show that ILC2s express the a7-nicotinic
acetylcholine receptor (7nAChR), which is thought to have an anti-inflammatory role in
several inflammatory diseases. Applicants show that engagement of a specific agonist with
o7nAChR on ILC2s reduces ILC2 effector function and represses ILC2-dependent AHR,
while decreasing expression of ILC2 key transcription factor GATA-3 and critical
inflammatory modulator NF-xB, and reducing phosphorylation of upstream kinase IKKa/p.
Additionally, the specific a7nAChR agonist reduces cytokine production and AHR in a
humanized ILC2 mouse model. Collectively, our data suggest that « 7nAChR expressed by
ILC2s is a potential therapeutic target for the treatment of ILC2-mediated asthma.

[0109] Because of the potential therapeutic application in neurological disorders and
inflammation, a7-selective ligands have been intensively studied. Li e al. *' solved the
crystal structure of a receptor chimera constructed from the extracellular domain of
a7nAChR and acetylcholine binding protein (AChBP), which represents the closest structural
homolog of the native a7nAChR. Applicants have also determined structures of a7nAChR
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bound by agonist and antagonist ***°

, and performed structure-based screens of a7nAChR-
specific compounds **. These studies, together with those reported by others, have
demonstrated that the crystal structure of the a7nAChR/AChBP chimera is a much better
template for structure-based drug screening than AChBP **, which has been widely used in
previous drug screening and design. These studies have identified a variety of potential
ligands and allosteric modulators of a7nAChR, including many previously known a7-specific
compounds. Of these, GTS-21 (DMXB-A) has been previously characterized as a neuronal
nACHR ligand. GTS-21 binds to both the 04p2 and o7 subtypes ***>*"** but activates only
the a7 subtype to a significant extent. In this structure-based drug screen, Applicants selected
4-OH-GTS-21, the active form of GTS-21 in vivo, from the docking analyses. As shown in
FIG. 1A, the overall structure is similar to that of 4-OH-GTS-21 bound to AChBP *°,
including the conformation and orientation of 4-OH-GTS-21 bound to the ligand pocket. On
the other hand, Applicants’ docking analyses reveal that a number of a7-specific residues
located at loop C (Arg182 and Glu185) and loop F (Glu158 and Asp160), which are absent in
AChHBBP, interact, or are poised to interact, with functional groups on 4-OH-GTS-21. These
observations provide structural bases to guide further synthetic modification of GTS-21 to
gain higher selectivity toward the a7 subtype and to modify the functional effects of similar

ligands, thus expanding the therapeutic repertoire of agents based on the anabaseine scaffold.

[0110] The a7nAChR is present on macrophages , T cells **! and B cells *%, and
activation of this receptor mediates anti-inflammatory effects. However, there are no studies
investigating a7nAChR expression on ILC2s, despite their essential role in the development
of asthma. Applicants identified ILC2s as a Lin", CD25", CD45", CD90.2", and ST2"
population (FIG. 1B). As mentioned previously, ILC2s are activated by IL-33; however, they
are not the only cells that express the IL-33 receptor. As GTS-21 binds to both a4 and o7
subtypes of nAChR, Applicants further assessed mRNA levels of a7 and a4nAChR in various
types of immune cells. Interestingly, a7nAChR expression was significantly higher in ILC2s
as compared to other ST2" peripheral immune cells (FIG. 1C). Importantly, only a7nAChR
in ILC2s, but not 04nAChR, was significantly present and up-regulated by in vitro IL-33
treatment (FIGS. 1C — 1D). To confirm this finding at the protein level and also to
investigate the effect of IL-25 stimulation, Applicants treated mice with intranasal
recombinant mouse (rm)-IL-33, (rm)-IL-25, or PBS as a negative control, for three
consecutive days. As shown in FIG. 1E, Applicants found, for the first time, that a7nAChR
is expressed on ILC2s. Importantly, a7nAChR expression on ILC2s was significantly up-
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regulated in mice treated with IL-25 or IL-33, when compared to the PBS control group.
a7nAChR expression was additionally confirmed by cytometry using fluorochrome-
conjugated a-bungarotoxin, a nicotinic cholinergic blocker (FIG. 8). Meanwhile, a7nAChR
did not alter expression of CD25, CD127, and ST2, known as IL-2R, IL-7R, and IL-33R,

respectively, and which are essential for development of immune cells (FIG. 9).
a7nAChR agonist suppresses cytokine production in ILC2s

[0111] Nicotine is known as a major constituent of cigarette smoke, which causes
impairment of lung function and exacerbation of asthma. Interestingly, nicotine
administration attenuates production of Th2 cytokines and leukotrienes in preclinical models
of asthma '”. Nicotine is an agonist for a variety of pentameric nAChRs made up of different
combinations of the sixteen nicotinic receptor subunits, thus it lacks specificity for a7nAChR
2133 Therefore, using GTS-21, an agonist specific for a7nAChR, Applicants sought to
determine whether engagement of a7nAChR would alter ILC2s’ function. To address this
question quantitatively, pulmonary ILC2s were isolated and cultured with increasing doses
(2.5, 10 and 50pg mL™) of a7nAChR agonist in the presence of rm-IL-33, rm-IL-2 and rm-
IL-7. The results show dose-dependent anti-inflammatory effects of a7nAChR agonist on
ILC2s (FIG. 2). These effects were independent of cell viability except at the highest tested
dose of the agonist (FIGS. 2A — 2B, right panels). To verify that the actions of the agonist
were not due to a reduction in the number of ILC2s, Applicants administered IL-33 to mice in
vivo with or without agonist treatment, and then quantified the number of IL-5" and IL-13"
ILC2s within a determined number of ILC2s (FIG. 2C). Similarly to IL-33, IL-25 increased
IL-5 and IL-13 secretion in ILC2s in vitro, though this effect was less robust. IL-25-induced

cytokine secretion was also susceptible to suppression by the agonist (FIG. 10).

a7nAChR agonist treatment ameliorates ILC2-induced AHR

[0112] As reported previously®®-H12343

, the IL-5 and IL-13 cytokines produced by
activated ILC2s are essential for eosinophilic inflammation and AHR development.
Applicants investigated whether the attenuated ILC2 function by a7nAChR stimulation in
vitro could result in inhibition of ILC2-mediated AHR and allergic inflammation. Rag2
deficient mice (devoid of T and B cells) were given intranasal (i.n.) rm-IL-33, with or without
a7nAChR agonist for three consecutive days (FIG. 3A). As IL-33 administration specifically
induces ILC2s, thereby causing AHR, with this model Applicants can readily explore the

effect of an a7nAChR agonist in ILC2-mediated AHR. One day after the last challenge, lung
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function was evaluated by direct measurements of lung resistance (Rp) and dynamic
compliance (Cgyn), as described in the materials and methods section. Applicants found that
stimulating a7nAChR significantly reduced levels of Ry and of Cgyy 1n response to IL-33, as
compared to PBS (FIGS. 3B — 3C). Bronchoalveolar lavage fluid (BALF) analyses also
showed decreased eosinophilic infiltration, as well as total cell counts (TCC), in Rag2™” mice
treated with the a7nAChR agonist (FIG. 3D). Histological analyses revealed that a7nAChR
stimulation prevented airway wall thickness and infiltrated cells (FIGS. 3E — 3F). As shown
in FIG. 3G, treatment with GTS-21 also significantly suppressed the frequency and absolute
number of lung ILC2s. Furthermore, the intracellular cytokine assay also revealed
significantly decreased levels of IL-5 and IL-13 producing lung ILC2s in 7nAChR agonist
treated mice compared to untreated mice (FIG. 3H). These findings concur with the
reduction of AHR and eosinophil counts in BALF (FIGS. 3B - 3D). Thus, a7nAChR agonist
represses IL-5 and IL-13 production, eosinophil recruitment, and ILC2-dependent AHR.

a7nAChR on ILC2s is critical for GTS-21 action in vivo

[0113] To assess whether the previously observed effects of GTS-21 are due to its actions
on the a7nAChR, Applicants challenged WT and a7nAChR-deficient mice with or without
rm-IL-33, and with or without a7nAChR agonist, for three consecutive days (FIGS. 4A -
4B). As expected, in the WT mice, the agonist repressed IL-33-induced AHR and
eosinophilic infiltration. However, in the absence of a7nAChR, the agonist affected neither
AHR nor eosinophilia. Taken together, these results indicate that engagement of a7nAChR

ameliorates ILC2-mediated AHR and allergic inflammation.

[0114] Given that a variety of cells participate in allergic inflammation, Applicants wanted
to investigate the effect of the agonist specifically on ILC2s. Rag2”™ GC™~ mice lack not only
B and T cells, but NK cells and ILC2s as well. Using methods previously described by our
laboratory®, Applicants adoptively transferred WT or a7nAChR-deficient ILC2s into these
Rag2”” GC™" mice, and then treated them with IL-33, with or without a7nAChR agonist. As
expected, Applicants observed a decrease of AHR and of eosinophil recruitment in mice
injected with WT ILC2s in response to a7nAChR treatment (FIGS. 4C - 4E). However, in
the absence of a7nAChR expression on ILC2s, the agonist affected neither AHR nor
eosinophilia. Taken together, these results indicate that engagement of a7nAChR ameliorates
ILC2-mediated AHR and allergic inflammation. These results, which are consistent with

those seen in WT and a7nAChR-deficient mice, demonstrate that the effects Applicants
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observed are due to ILC2s as opposed to other cells, such as structural cells, which express

a7nAChR.
a7nAChR agonist attenuates GATA3 and NF-kB expression

[0115] To characterize the mechanism enabling a7nAChR agonist to attenuate ILC2-
mediated AHR, Applicants first investigated whether engagement of a7nAChR affects the
development or maintenance of pulmonary ILC2s. However, Applicants observed a
significantly decreased proliferation rate of pulmonary ILC2s upon a7nAChR agonist
treatment by evaluating Ki-67 levels (FIG. 5A). Applicants also evaluated the expression of
the transcription factor GATA binding protein-3 (GATA-3), which is essential for the
development and maintenance of ILC2s *". Applicants found that a7nAChR agonist
treatment significantly inhibits GATA-3 transcription in ILC2s (FIG. SB). This decrease in
GATA-3 expression could be involved in the repressed proliferation and function of ILC2s in

response to o7nAChR agonist.

[0116] Next, to investigate the molecular mechanism of a7nAChR agonist-mediated anti-
inflammatory effects, Applicants analyzed the gene expression profile of ILC2s with or
without a7nAChR agonist treatment by NanoString technology as described in the methods.
Evaluated genes were categorized and displayed in two panels; 1) genes mainly involved in
the IL-33/IL-25 signaling pathway, and 2) genes associated with IL-2/IL-7 signaling pathway
(FIG. 5C). As demonstrated in the IL-33/IL-25 signaling pathway, a7nAChR-mediated
cholinergic activity inhibited expression of GATA-3 as well as STAT-6, NF-«xB, IL-5, IL-9
and IL-13. Meanwhile, STAT-5a, STAT-5b, and IL-2 receptors in the IL-2/IL-7 signaling
panel were relatively unaffected. Applicants also demonstrated that a7nAChR agonist did not
activate factors associated with apoptosis, such as Casp3, Casp8, and Bcl-2. Applicants
further confirmed by flow cytometry that a7nAChR agonist reduced NF-kB p65 expression
in ILC2s (FIG. 5D). To better establish the underlying mechanisms, Applicants explored the
signaling pathway upstream of NF-kB by measuring the activated form of IKKa/p, which is
phosphorylated on serine residues 176 and 180. Consistent with our previous results shown in
FIG. 5D, a7nAChR agonist reduced phosphorylated IKKa/B expression in ILC2s (FIGS. SE
- 5F). NF-«xB and STAT-6 are both critical for GATA-3 transcription. The inhibition of
GATA-3 expression results in a down-regulation of IL-5, IL-9 and IL-13 secretion from
ILC2s. Strikingly, these results demonstrate that 0 7nAChR stimulation likely reduces

maintenance and development of ILC2s by inhibiting GATA-3 transcription, resulting in
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marked anti-inflammatory effects in the development of ILC2-mediated AHR and allergic

inflammation.
a7nAChR agonist treatment attenuates allergen-induced AHR

[0117] Tt has been previously reported that Alternaria alternata can induce AHR *°,
Applicants further explored the anti-inflammatory effects of a7nAChR agonist in ILC2-
mediated AHR with this clinically relevant allergen. Rag2”" mice were i.n. administered
Alternaria alternata extract with or without a7nAChR agonist for four consecutive days
(FIG. 6A). As expected, a7nAChR agonist treated mice did not develop AHR (FIG. 6B).
Accordingly, the number of eosinophils in BALF and lung ILC2s were increased in
Alternaria-treated mice. Meanwhile, a7nAChR agonist treatment abolished eosinophils and
ILC2s in the lung (FIG. 6C). These results suggest a7nAChR agonist treatment can attenuate
ILC2-mediated AHR in response to other allergens besides IL.-33.

a7nAChR agonist prevents AHR in humanized ILC2 mice

[0118] To assess the effects of a7nAChR agonist in human ILC2s, peripheral blood
mononuclear cells (PBMCs) were obtained from healthy donors and ILC2s were sorted on
the basis of expression of CD45, CRTH2, CD127, and CD161, and the lack of human lineage
markers (CD3, CD14, CD16, CD19, CD20, CD56, CD235a, CD1a, and CD123). Sorted
ILC2s were cultured with a7nAChR agonist (10ug mL™) in the presence of recombinant
human (rh)-IL-2 (10ng mL™), rh-IL-7 (20ng mL™), and rh-IL-33 (20ng mL™"). As observed
in our previous experiments (FIGS. 2A - 2B), a7nAChR agonist significantly suppressed
human ILC2 activation, by decreasing both IL-5 and IL-13 production (FIG. 7A).

[0119] Finally, to confirm the efficacy of a7nAChR agonist treatment in human ILC2-
mediated AHR, sorted human ILC2s (hILC2s) were cultured in the presence of rh-IL-2 (20ng
mL™") and rh-IL-7 (20ng mL™") for 48 hours. Subsequently, 2.5x10° hILC2s were adoptively
transferred to Rag2 GC double knockout mice, which lack T, B, NK cells and ILC2s. These
humanized mice were given 7.n. th-IL33 (1ug per mice) with or without a7nAChR agonists
(1250g mL™) for three consecutive days, and then AHR was evaluated (FIG. 7B). Consistent
with the murine ILC2 experiments, treatment with a7nAChR agonist dampened ILC2-
mediated AHR (FIG. 7C) and allergic inflammation (FIGS.7D - 7E) in humanized mice.
Thus, a7nAChR mediates an anti-inflammatory signal in both murine and human ILC2s,
suggesting a7nAChR activation with an agonist as a novel potential therapeutic strategy for

regulating ILC2-mediated lung inflammatory diseases.
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[0120] In the present study, using a leading compound with good selectivity and partial
agonist activity toward a7nAChR, Applicants examined the involvement of a7nAChR in the
pathogenesis of asthma to evaluate its potential as a therapeutic target. Applicants
demonstrated, for the first time, that a7nAChR is expressed on ILC2s and up-regulated after
engagement of the ST2 receptor by IL-33. By inhibiting GATA-3 transcription in ILC2,
administration of a7nAChR agonist significantly attenuated the development and function of
ILC2s, abolishing both AHR and allergic inflammation. Importantly, Applicants showed this
agonist also ameliorated human ILC2-mediated AHR, indicating its potential as a novel

therapeutic molecule for asthma patients.

[0121] a7nAChR is a neuronal subtype of nAChR composed of a homopentamer of a7
subunits that mediates pre and post-synaptic excitation. It is known that a7nAChR is located
not only in the brain but also in the periphery, including immune cells such as effector T cells
3031 B cells *, Tregs *!, and macrophages'”. Using an improved template based on crystal
structures, Applicants performed a virtual screen for a7nAChR ligands and selected a leading
compound, GTS-21, that has been previously characterized as a functional agonist of
a7nAChR. Although GTS-21 had previously been shown to have anti-inflammatory effects
24 its role in ILC2-dependent AHR has not been examined to our knowledge. In line with
previous studies, Applicants examined a newly identified lymphocyte population of ILC2s
and showed that ILC2s expressed a7nAChR. Importantly, activated ILC2s upregulated

a7nAChR expression more so than other immune cells, indicating that asthma patients having

activated ILC2s might benefit greatly from a nicotinic agonist compound such as GTS-21.

[0122] Nicotine is just one of the over 4000 chemical constituents in tobacco smoke.
Exposure to cigarette smoking causes impaired lung function and increases the risk of

developing asthma ***

. In asthma, patients who smoke have more symptoms and
exacerbations than nonsmokers *°. They also have increased risks of hospitalization and
mortality *’. On the other hand, epidemiological studies have indicated inverse correlations
between smoking and incidence of allergic diseases. It is well known that the incidence of
hypersensitive pneumonitides such as farmer’s lung and bird fancier’s lung is lower in the

48-51

current smoker population than that in non-smokers . Furthermore, other clinical studies

have observed that asthma incidence could be higher in former smoker populations compared

. 44,52
to active smokers "

. In that longitudinal study, the observed increased asthma risks in
former smokers were explained by the fact that, in some cases, asthma was self-reported or
the supposition that people tend to quit smoking in response to respiratory symptoms. A
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cohort study also showed that development of allergic sensitization is negatively associated
with sustained smoking ». In accordance with these clinical findings, nicotine, a major
constituent of cigarette smoke and a ligand for nAChR, has shown anti-inflammatory effects

31543 Tn asthma, nicotine attenuated HDM-induced allergic lung

in various diseases
inflammation together with suppression of Th2 cytokines, although the underlying cellular
mechanism remains unknown and AHR was not suppressed '’. Moreover Kearley et al.
recently demonstrated that cigarette smoke has suppressive effects on IL-5 and IL-13
production by ILC2s *°. In preclinical models of asthma, Applicants clearly demonstrated
engagement of a7nAChR opposes the development of AHR and allergic inflammation
through an ILC2-mediated mechanism. The differences in outcome likely resulted from the
experimental design; our group administered a specific compound for a7nAChR together
with rm-IL-33 or Alternaria alternata to mice, whilst Sopori ef al. examined nicotine itself
and HDM-induced AHR *'**. In order to establish that our previous observations were
dependent of a7nAChR expression on ILC2s, Applicants demonstrated that the a7nAChR
agonist had no effect on IL-33-challenged mice that were deficient for a7nAChR on ILC2s.

Collectively, our data can explain the cellular mechanisms behind the clinical anti-

inflammatory observations.

[0123] Applicants demonstrated that a7nAChR activation altered ILC2 function in response
to both exogenous IL-33 and Alternaria alternata. Administration of either IL-33 and IL-25
activates ILC2s to induce AHR independently of the adaptive immune system>*”’, and IL-33
was reported to be more potent than IL-25 in this regard °'. Alternaria alternata exposure
also activates ILC2s and causes steroid-resistant AHR associated with elevated IL-33 in vivo
* TLC2s rapidly produce huge amounts of IL5 and IL-13 in response to stimuli. A recent
study showed that ILC2-derived IL-13 is capable of inducing differentiation among Th2 cells
3> Based on these reports, regulating ILC2s could potentially control allergic inflammation
arising from not only the innate, but also adaptive, immune pathway. By targeting ILC2
function, a7nAChR agonist treatments could prove remarkably therapeutic for various

allergic diseases.

[0124] To explore the mechanisms underlying the anti-inflammatory effects of the
a7nAChR agonist, Applicants initially demonstrated the engagement of a7nAChR caused
reduced number of ILC2s in the lung, suggesting involvement of the choline