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IDENTIFICATION OF CXCRS. A NOVEL CHEMOKINE RECEPTOR

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0001]  This invention was made with Government support under Grant No. R01-
Al093548 from the National Institutes of Health. The Government may have certain rights in

this invention.

REFERENCE TO SEQUENCE LISTING

[0002] A Sequence Listing is submitted herewith as an ASCII text file named
“1279588SEQLIST”, created on September 30, 2014 and having a size of 51 kilobytes. The

Sequence Listing is incorporated by reference herein in its entirety.

BACKGROUND
FIELD OF THE INVENTION

[0003] The invention relates to chemokine CXCL17 and its receptor CXCR&/GPR35.

RELATED ART

[0004] The human chemokine superfamily includes some 48 ligands and 19 known
receptors. The receptors for most ligands have been identified, but some remain “orphans”
(1). Chemokine (C-X-C motif) ligand 17 (CXCL17) was the last chemokine ligand to be
described (2). The inventors previously reported that CXCL17 is a mucosal-associated
chemokine that is significantly up-regulated in bronchoalveolar lavage of patients with
idiopathic pulmonary fibrosis (IPF) (3). Importantly, it is also one of the few “orphan”
chemokine ligands (the other being CXCL14) for which a receptor has not yet been identified

(D).

SUMMARY

[0005] Chemokines are a family of chemotactic cytokines that direct the traffic of
leukocytes and other cells in the body. Chemokines bind to G protein-coupled receptors
(GPCRs) expressed on the surface of target cells to initiate intracellular signaling cascades
and induce chemotaxis. Although the cognate receptors of most chemokines have been

characterized (4), the receptor for CXCL17, the most recent chemokine ligand to be reported,
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is still undefined. As described herein, it is shown that GPR335 is the receptor for CXCL17.
CXCL17 is known to chemoattract macrophages and dendritic cells (2). GPR35 is expressed
by/on CXCL17-responsive human monocytes, dendritic cells (DCs) and in the THP-1
monocytoid cell line. Additionally, transfection of GPR35 into Ba/F3 cells rendered them
responsive to CXCL17 as measured by calcium mobilization assays. CXCL17 is a chemokine
expressed in mucosal tissues (3); GPR35 expression mirrors this mucosal expression pattern.
GPR35 also exhibits several structural features of chemokine receptors including a DRY box
and a TxP motif. It is concluded that GPR35 is a novel chemokine receptor, and therefore
suggest it should be named chemokine (C-X-C motif) receptor 8 (CXCR8). GPR35 has been
associated with human disease; GWAS studies have linked it with inflammatory bowel
disease (IBD) (5). Taken together, these observations strongly suggest that this novel mucosal
chemokine CXCL17/CXCRS axis represents an important target for therapeutic intervention
in pathophysiological or inflammatory processes of the respiratory or digestive systems. The
pairing is demonstrated in human, but counterparts in different species will similarly pair.
Different species counterparts may be paired, and may show normal cross reactivity or may

have different affinity or signaling capability compared to natural pairing.

[0006] In one aspect, a method of treating a subject for a disorder that correlates to
increased CXCRS signaling is provided. The method includes disrupting the activation of
receptor CXCRS by ligand CXCL17 in the subject. In the method: a) the disrupting can
include administering to the subject a substance that interferes with CXCL17 binding to
CXCRS; b) the disorder can be a gastrointestinal, respiratory, metabolic, infectious, or
oncologic disorder, which in particular embodiments, can be a lung, digestive or reproductive
system inflammatory disease; c) examples of such inflammatory diseases include, but are not
limited to, Crohn’s disease (CD), primary sclerosing cholangitis, ulcerative colitis, celiac
disease, or irritable bowel syndrome (IBS), an ulcer, ischemic colitis, radiation colitis, celiacs
disease, bronchopulmonary dysplasia, idiopathic pulmonary fibrosis, hypersensitivity
pneumonitis, non-specific interstitial pneumonia, chronic obstructive pulmonary disease,
pneumonia, asthma, bronchitis, emphysema, subclinical interstitial lung disease (subclinical
ILD), cystic fibrosis, sarcoidosis, endometriosis, leiomyomas, adenomyosis, bacterial

vaginosis, or infections or inflammation of the urethra; d) or any combination of a) — ¢).

[0007] In another aspect, a method of screening for a substance that disrupts the

association between receptor CXCRS8 and ligand CXCL17 is provided. The method includes
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adding CXCL17 to a cell expressing CXCRS, and measuring a reduction in CXCRS signaling
in the cell in the presence of the substance. For example, CXCRS transfectants of the Ba/F3
cell line described in the Examples can be used to screen for agonists and antagonists of the

CXCRS/CXCL17 interaction.

[0008] In a further aspect, a method of screening for a substance that disrupts the
association between receptor CXCRS8 and ligand CXCL17 is provided. The method includes
adding CXCL17 to CXCRS, and measuring a reduction in CXCL17 binding to CXCRS in the

presence of the substance.

[0009] In these or other methods described herein, the substance can be: a) an antibody, or
a fragment thereof, that binds to CXCL17 or CXCR&; b) a polypeptide exhibiting a natural,
or a variant, sequence of CXCL17; ¢) a non-peptide conjugation variant of CXCL17; d) a
small molecule that binds to CXCL17 or CXCR&; ¢) an aptamer that binds to CXCL17 or
CXCRS; or any combination of a) — ¢).

[0010] In further aspects, the following are provided:

[0011] a) Aligand of CXCRS is provided wherein said ligand binds selectively to the
CXCRS receptor. The ligand can be one that signals through said receptor, such as an
agonist; signals less than 85%, 90%, 95%, or more of human CXCL17, such as an antagonist;
1S an inverse agonist (one that inhibits basal activity of CXCRS); is an allosteric modulator
(one that alters the signaling activity of CXCRS but does not interfere with the binding of the
ligand (CXCL17); has at least about 85%, 90%, 95%, or more sequence identity to human
CXCL17, such as a mutein; comprises a segment of at least 17, 19, 23, 27, 31 or more amino
acids exhibiting at least 94% identity to human CXCL17; and/ or binds to a primate CXCRS8
receptor. The ligand can be one that: is in a sterile composition; is formulated for systemic or
local administration; is in a therapeutic composition; is in a single dose container; and/or has
at least 90% sequence identity to human CXCL17. In some embodiments that include at least
about 85%, 90%, 95% or more sequence identity to human CXCL17, the embodiments do

not include sequences identical to naturally occurring sequences of human CXCL17.

[0012]  b) An antibody which binds selectively to a ligand of CXCRS is provided. The
antibody can block binding to the CXCRS8 receptor; and/or block signaling by the CXCRS

receptor.
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[0013] ¢) A receptor or binding protein for human CXCL17 is provided. The receptor or
binding protein can: further signal upon binding of said human CXCL17; signal at least
about 80% of signal upon binding of CXCL17 compared to human CXCRS; have at least
about 95% identity to human CXCRS; and/or bind to primate CXCL17. In some
embodiments that include at least about 95% or more sequence identity to human CXCRS,

the embodiments do not include sequences identical to naturally occurring sequences of

human CXCRS.

[0014] d) A method of inhibiting CXCL17 signaling through CXCRS is also provided.
The method includes contacting: a) CXCRS (receptor) with a CXCL17 (ligand) antagonist;
b) CXCL17 (ligand) with a blocking agent; and/or c) a cell expressing CXCRS with a blocker
of cell signaling. The CXCL17 (ligand) antagonist can be selected from: a) an antibody (or
fragment thercof) which binds to CXCRS (receptor) or species variant; b) a CXCL17
(chemokine) variant (e.g., which binds, but does not signal; including species variants and
counterparts); or ¢) a small molecule compound. The blocking agent can be selected from:
a) an antibody (or fragment thereof) which binds to CXCL17 (e.g., chemokine and blocks
binding; including species variants); b) a fragment of the receptor, which can be a soluble
portion of the receptor; and/or ¢) a small molecule compound. The blocker of cell signaling
can be: a) RNAi, CRISPR, TALEN compound, ¢.g., of signaling pathway members; b) an

antibody which blocks signaling pathway; or ¢) small molecule compound.

[0015] e) A method of inducing CXCRS (receptor) signaling, said method comprising
contacting said receptor with its cognate ligand, which can be CXCL17 or an agonist thereof.
The agonist can be a polypeptide sequence variant of CXCL17 or a non-peptide conjugation

variant of CXCL17 or fragments thereof.

[0016] f) A method of screening for said CXCL17 antagonists, wherein said screening
uses a cell based assay using a fluorescent imaging plate reader (FLIPR) or related detection
system including an assay selected from; FLIPR, cell based, biochemical, or other. In the
method, said screening can be of one or more compounds which include: 1) antibodies
binding to CXCL17, including species variants or counterparts; ii) polypeptide sequence
variants of CXCL17, including species variants; iii) non-peptide conjugation variants of
CXCL17, e.g., glycosylation or other modifications; iv) small molecule antagonist

candidates; or v) aptamer libraries.
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[0017] g) A method of screening for said blocking agent described in (f), wherein said
screening uses an assay such as FLIPR (on the World Wide Web at
moleculardevices.com/Products/Instruments/FLIPR-Systems.html), cell based, or
biochemical; 1) antibodies binding to CXCRS or species variants; ii) polypeptide sequence
variants of CXCL17, e.g., soluble receptor fragments or species variants; iii) non-peptide
conjugation variants of CXCL17, such as glycosylation or other modifications; iv) small

molecule antagonist candidates; and/or v) aptamer libraries.

[0018] h) A method to screen for said CXCL17 antagonists or blocking agents, wherein
CXCRS& transfectants of the Ba/F3 cell line are used to screen for agonists and antagonists of
the CXCRE8/CXCL17 interaction. In certain embodiments, said screening uses a cell based
assay using a FLIPR or related detection system, which may be a cell based, biochemical, or
other. In further embodiments, said screening is of one or more compounds which include: a)
antibodies binding to CXCL17 or species variants; b) polypeptide sequence variants of
CXCL17 or species variants; ¢) non-peptide conjugation variants of CXCL17, including
glycosylation or other modifications; d) small molecule antagonist candidates; or ¢) aptamer
libraries. A method is similarly provided wherein said screening uses a FLIPR, cell based, or
biochemical assay. Additional embodiments include where said screening is of one or more
compounds which include: a) antibodies binding to CXCRS or species counterparts or
variants; b) polypeptide sequence variants of CXCL17, including soluble receptor fragments
and species counterparts or variants; ¢) non-peptide conjugation variants of CXCL17
including glycosylation or other modifications; d) small molecule antagonist candidates; or
an aptamer library. In one particular embodiment, CXCRS transfectants of the Ba/F3 cell

line are used to screen for agonists or antagonists of the CXCR8/CXCL17 interaction.

[0019] 1) Various gastrointestinal disorders that correlate to increased CXCRS8 signaling
and that can be treated by the methods include: a) Crohn’s disease (CD), ulcerative colitis
(UC), celiac disease, or irritable bowel syndrome (IBS), ischemic colitis, radiation colitis,
celiac disease; b) stomach cancer, pancreatic cancer, colorectal cancer, or hepatocellular
carcinoma, esophageal cancer, liver cancer, gallbladder cancer, biliary cancer, gastrointestinal
stromal tumors; ¢) autoimmune hepatitis, primary biliary cirrhosis, other (non autoimmune)
cirrhosis, primary sclerosing cholangitis, or liver fibrosis; or d) hepatitis C virus (HCV)
mediated cirrhosis, peptic ulcers caused by Helicobacter pylori. See, ¢.g., Hauser, S.C. Mayo

Clinic Gastroenterology and Hepatology Board Review, Fourth Ed. Mayo Clinic Scientific
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Press, 2013; Hawkey et al., Clinical and Gastroenterology and Hepatology, Second Ed.
Wiley-Blackwell, 2012; and Yamada T. et al. Yamada’s Handbook of Gastroenterology, 34
Ed. Wiley-Blackwell, 2013.

[0020]  j) Metabolic disorders that correlate to increased CXCRS signaling and that can be
treated by the methods include diabetes type 1, or diabetes type 2. See, e.g., Fonseca, V.A.
Clinical Diabetes. Elsevier, 2012.

[0021] k) An oncologic metabolic disorder that correlates to increased CXCRS signaling
and that can be treated by the methods include leukemia, lymphoma, or glioblastoma or
related brain tumor. See, ¢.g., Mughal, T.I. Understanding Leukemias, Lymphomas and
Myelomas, 2" Ed. Informa 2012; and Kaye, A.H. and Laws E.R. Jr. Brain Tumors, 3" Ed.
Elsevier 2012.

[0022] 1) A respiratory disorder that correlates to increased CXCRS signaling and that can
be treated by the methods can be selected from: a) lung cancer (6), including small (7) or
non-small cell lung cancer (8) or mesothelioma (9) (malignant); b) idiopathic pulmonary
fibrosis (10), hypersensitivity pneumonitis (11), or non-specific interstitial pneumonia; ¢) a
respiratory disease associated with interstitial lung disorders including autoimmune discases
like rheumatoid arthritis or scleroderma; d) chronic obstructive pulmonary disease (COPD)
(12), bronchopulmonary dysplasia (BPD) (13), or asthma (14); and/or ¢) other respiratory
cancers, including trachea cancer, cancer of the larynx, cancer of the esophagus, cancer of the
bronchus, or nasal/sinus cancer. See, ¢.g., Judd, S, J, Respiratory Disorders Sourcebook, ond
Ed. Health Reference Series, 2012; and Lechner, A. Respiratory, An integrated approach to
discase; McGrawHill LANGE, 2012.

[0023] m) The administering can be a) topical, local, or systemic; b) inhaled as an aerosol

or mist; or ¢) in combination with another therapeutic.

[0024] n) A vaccine comprising a CXCL17 agonist, e.g., as an adjuvant and/or agonist, is
provided, or comprising a positive allosteric modulator, that is, a molecule without agonist or
antagonist activity (for CXCL17) that alters the signaling ability of the receptor (CXCRS) is
provided. The vaccine can include protective antigens such as those in vaccines for hepatitis
B, human papilloma virus, DPT, and/or measles virus. In some cases, a target antigen is a

tumor associated antigen (including tumors from the following cancers: lung, pancreatic,
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colorectal, prostate, breast, hepatocellular carcinoma, soft tissue sarcoma, and/or
glioblastoma), or in disperse leukemias and lymphomas. The vaccine can be used for a
cancer selected from lung, pancreatic, colorectal, prostate, breast, hepatocellular carcinoma,
soft tissue sarcoma, or glioblastoma. The vaccine can be administered to a subject. See, ¢.g.,
Plotnik, S.A. et al. Vaccines, 6" Ed. Elsevier 2012. In other embodiments, the vaccine may
include an antagonist of CXCL17, at the right concentration, capable of inhibiting the

recruitment of tolerogenic cells.

[0025] o) A method of mediating elevated blood pressure in a subject, said method
comprising administering a suitable amount of a CXCRS agonist to mediate said blood
pressure. The elevated blood pressure can be hypertension in some embodiments. The
agonist can be selected from: a) recombinant human CXCL17; b) a polypeptide variant of
human CXCL17 (including species variants); ¢) non-peptide conjugation variants of CXCL17

(e.g., glycosylation or other modifications).

[0026]  p) A method of recruiting macrophages or dendritic cells, said method comprising
administering a CXCRS antagonist (e.g., and harvesting said cells); which may further
comprise administering a CCR2 agonist, like CCL2, defined as such a molecule that elicits a

calcium flux in a cell expressing CCR2.

[0027]  q) A method that uses CXCRS as a marker of cells involved in the pathogenesis of
human diseases including gastrointestinal, metabolic and respiratory diseases and cancer, a
biomarker of metastatic cells of leukemias, lymphomas, stomach cancer, colorectal cancer or
pancreatic cancer, a biomarker of metastatic cells of lung cancer including small or non-small
cell lung cancer or malignant mesothelioma, a biomarker of subclinical interstitial lung
disease (subclinical ILD), or prognostic biomarker of cells that infiltrate gastrointestinal or

respiratory system cancers.

[0028] 1) A method of treating or preventing atherosclerosis (see, e.g., George, S.J.
Atherosclerosis: Molecular and Cellular Mechanisms, Wiley-Blackwell 2012), or treating or
preventing multiple sclerosis (see, e.g., Holland, N. et al. Multiple Sclerosis, 4™ Ed. Demos
Health, 2012), said method comprising administering to a subject an effective amount of: a)
a CXCRS antagonist or; inhibitor of CXCRS8 expression; or b) a CXCL17 antagonist or
inhibitor of CXCL17 expression. The CXCRS antagonist can be selected from: a) an
antibody binding to CXCRS (or species variants; ¢.g., binds but sends no signal); b)

7
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polypeptide sequence variants of CXCL17 (e.g., soluble receptor fragments; species
variants); ¢) non-peptide conjugation variants of CXCL17 (e.g., glycosylation or other
modifications); d) small molecule antagonist; or ¢) an aptamer. The inhibitor of CXCRS
expression or downstream signaling can use an RNAi, CRISPR, TALEN compound or the
like. The CXCL17 antagonist can be selected from: a) an antibody binding to CXCL17 (or
species variants; binds but sends no signal); b) a polypeptide sequence variant of CXCL17
(including species variants); ¢) a non-peptide conjugation variant of CXCL17 (e.g.,
glycosylation or other modifications); d) a small molecule antagonist; or ¢) an aptamer. The
inhibitor of CXCL17 expression or signaling can use an RNAi, CRISPR, TALEN compound
or the like.

[0029]  s) A method of inhibiting CXCL17 signaling through CXCRS, said method
comprising reducing CXCRS receptor using an RNAi, CRISPR, or TALEN compound which
inhibits expression of CXCRS (receptor). Also, a method of inhibiting CXCL17 signaling
through CXCR&, said method comprising reducing CXCL17 using an RNAi1, CRISPR, or
TALEN compound which inhibits expression of CXCL17 [ligand].

[0030]  t) A method of isolating CXCR8-expressing cells, comprising mixing an anti-
CXCRS antibody with a peripheral blood mononuclear cell preparation, and separating
CXCRS positive cells bound by the antibody. In the method, the anti-CXCRSE antibody can
be a monoclonal antibody, neutralizing antibody, or humanized antibody, or combination
thereof; the separating can be by fluorescence-activated cell sorting; and/or the separating

can be by magnetic bead isolation.

[0031] In some embodiments of the methods, including the method of treating a subject
for a disorder that correlates to increased CXCRS signaling, the substance, agonist or
antagonist does not include the following: kynurenic acid, 2-Acyl lysophosphatidic acid,
cromolyn, dicumarol, luteolin, niflumic acid, NPPB, pamoates and pamoic acid, quercetin,

thyrphostin-51, zaprinast, ML144, ML 145, or CID-2765487.
[0032] The molecule GPR35 is also referred to as CXCRS throughout this application.

[0033]  The subject can be a human or other animal, and will typically be a primate or

mammal.
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[0034]  Sequences of CXCL17 from various species have the following accession numbers
(all incorporated by reference herein): HGNC: 19232 (Human CXCL17) (HUGO Gene
Nomenclature Committee database; Homologs: MGI:2387642 (mouse Cxcl17) (MGI
database); RGD:1304717 (Rat Cxcl17) (RGD database); nucleotide sequence: RefSeq:
NM198477 (NCBI Reference Sequence Database); protein sequence: UniProtKB:Q6UXB2
(UniProt Knowledgebase). See also GENBANK, NCBI, dbest, Swiss-prot, Unigene, Refseq,
nr-aa, PRF, or PDBSTR.

[0035]  Sequences of CXCR8/GPR35 from various species have the following accession
numbers (all incorporated by reference herein): HGNC: 4492 (Human GPR35) (HUGO
Gene Nomenclature Committee database; Homologs: MGI: 1929509 (mouse Gpr35) (MGI
database); RGD: 1309404 (Rat Gpr35) (RGD database); nucleotide sequence: RefSeq: NM
001195382 (NCBI Reference Sequence Database); protein sequence: UniProtKB:Q9HC97
(UniProt Knowledgebase). See also GENBANK, NCBI, dbest, Swiss-prot, Unigene, Refseq,
nr-aa, PRF, or PDBSTR.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]  For a more complete understanding of the present invention, reference is now
made to the following descriptions taken in conjunction with the accompanying drawings, in

which:

[0037]  Figure 1 is a panel of results showing that THP-1 cells are responsive to CXCL17.
Figure 1A, THP-1 cells were tested in CXCL17-directed chemotaxis transwell assays, both
under resting or PGE2 pre-treated conditions; additionally, these cells were also tested in the
same way after a pre-treatment with Bordetella pertussis toxin (PTX). The bars show the
total number of recovered cells (chemotaxed) in the lower chamber of the transwell plate.
Figure 1B, representative calcium flux response of THP-1 cells (loaded with the Ca™
sensitive dyes), whether resting or PGE2 treated, when stimulated with 100 nM of CXCL17.
n =2. C, for desensitization of the CXCL17 receptor expressed by the THP-1 cells, 100 nM
of CXCL17 or CCL2 were alternative added at the indicated points to induce cellular calcium

flux responses. Representative graphs showed, n = 3.

[0038]  Figure 2 is a panel of schematic drawings representing typical chemokine receptor
features. Figure 2A, localization of the GPR35 gene in the distal region of the long arm of
the human chromosome 2; as depicted, it is possible to see the neighboring CXCR7 gene in

9
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the proximity. Figure 2B, phylogenetic analysis of the protein sequences of the known
chemokine receptors showing that the most closely related member to GPR35 is CXCR7.
Figure 2C, alignment of protein sequences of the most abundant chemokine receptors in
resting monocytes accordingly to the BIGE (CCR1 (SEQ ID NO.3), CCR2 (SEQ ID NO.1),
CCRS (SEQ ID NO.2) and CXCR4 (SEQ ID NO.4)) plus CXCR7 (SEQ ID NO.5) and
GPR35 (SEQ ID NO.6). Conservation levels are showed as darker gray shades in the
background of each amino acid. The seven transmembrane (TM) domains are showed. The
boxes indicate the DRY box and the TxP motif; the arrow head depicts the conserved aspartic

acid at the second TM region. A consensus sequence (SEQ ID NO.7) is also shown.

[0039]  Figure 3 is a panel of results showing that GPR35 is expressed in THP-1 cells.
Figure. 3A, relative expression of GPR35 in resting or PGE2 treated THP-1 cells measured
by qRT-PCR. The data were normalized with the relative expression of GAPDH in the
samples. Representative experiment, n = 2. Figure 3B, expression of GPR35 protein
measured by flow cytometry comparing the expression of GPR35 in resting THP-1 cells
(which are positive) and Ba/F3 cells (which are negative) versus the isotype control (rabbit

IgG).

[0040]  Figure 4 is a panel of results showing that CXCL17 induces cellular calcium
mobilization through GPR35. Figure 4A, calcium flux responses in mock or GPR35
transiently transfected Ba/F3 cells loaded with Ca ™ sensitive dyes, upon the addition of
CXCL17 [100 nM]. Representative graph of 3 experiments performed. Figure 4B, dose-
response relationship observed in the GPR35 transfected Ba/F3 cells upon the addition of
different amounts of CXCL17.

[0041]  Figure 5 is a table (Table 1) showing the relative expression of GPR35 in different
cells or tissues of the human body from the BIGE database. The data represent microarray
analyses and the average intensity refers to the ability of the probeset corresponding to

GPR35 to hybridize to mRNA corresponding to each of these tissues/cells.

[0042]  Figure 6 is a graph showing that expression of GPR35 in HEK293 cells make them
responsive to CXCL17. HEK293 cells were transfected with the expression vector containing
the human GPR35 coding sequence and were analyzed 72 h post-transfection with the Ca™

mobilization approach described in material and methods section. The cells were stimulated

with 100 ng of CXCL17 added at the marked time point.

10
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[0043]  Figure 7 is a graph showing that the mucosal chemokines CXCL14 or CCL28 do
not induce GPR35 signaling. GPR35/CXCRS Ba/F3 transfected cells were tested for Ca ™
mobilization with human CXCL17, CXCL14 and CCL28 (at a concentration of 100 nM),
independently added at the indicated time point.

[0044]  Figure 8 is a table (Table 2) showing GPCRs expressed by human monocytes.
Figures 8 A and 8B ecach include a part of the table.

[0045]  Figure 9 is a table (Table 3) showing results of radioligand displacement studies of

several chemokine receptors (n.d. means not detectable).

[0046]  Figure 10 is a table (Table 4) showing results of chemokine-induced B-arrestin

recruitment.

[0047]  Figure 11 is a panel of graphs showing expression of CXCRE and CXCL17 in

Salmonella infected mice.

[0048]  Figure 12 is a graph showing that CXCRS is elevated in a mouse model of

ulcerative colitis.

[0049]  Figure 13 is a graph showing that CXCRE:CXCL17 mediated chemotaxis is

comparable to CCR2, a key macrophage chemoattractant.

[0050]  Figure 14 is a sequence alignment of CXCRS from various animals. The
alignment is performed using CLUSTAL Omega multiple sequence alignment tool (Sievers
and Higgins, Clustal Omega accurate alignment of very large numbers of sequences. Methods
Mol Biol. 2014;1079:105-16). In the figure, consensus resudues are shown, where (*)
indicates complete sequence similarity at a particular residue while (.) and (:) indicate partial
sequence similarity at a particular residue. No symbol indicates no significant sequence
similarity at that particular residue. The CXCRS8 sequence from Felis catus (SEQ ID NO.8),
Bos taurus (SEQ ID NO.9), Homo sapiens (SEQ ID NO.10), Pan troglodytes (SEQ ID
NO.11), Macaca mulatta (SEQ ID NO.12), Rattus norvegicus (SEQ ID NO.13) and Mus
musculus (SEQ ID NO.14) are shown. Figures 14A and 14B each include a part of the

alignment.

[0051]  Figure 15 is a sequence alignment of CXCL17 from various animals. The
alignment is performed using the CLUSTAL Omega multiple sequence alignment tool. In

11
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the figure, consensus resudues are shown, where (*) indicates complete sequence similarity at
a particular residue while (.) and (:) indicate partial sequence similarity at a particular residue.
No symbol indicates no significant sequence similarity at that particular residue. The
CXCL17 sequence from Mus musculus (SEQ ID NO.15), Rattus norvegicus (SEQ ID
NO.16), Bos taurus (SEQ ID NO.17), Felis catus (SEQ ID NO.18), Macaca mulatta (SEQ ID
NO.19), Homo sapiens (SEQ ID NO.20) and Pan troglodytes (SEQ ID NO.21) are shown.

[0052]  Figure 16 is a graph showing chemotactic responses to CXCL17 following mild

crosslinking of membrane proteins.

DETAILED DESCRIPTION

[0053] The following application is incorporated by reference herein: U.S. Provisional

Patent Application No.61/884,576, filed on September 30, 2013.

[0054]  Chemokines and chemokine receptors are known for controlling the migration of
cells within the body but can also alter the homeostasis of the responding cells that express
the appropriate receptor for a given ligand (1, 15). Embodiments of the present invention are
based, in part, on the identification of the cognate receptor for the chemokine CXCL17 which
is represented by the G-protein-coupled receptor GPR35. As a consequence of this
identification GPR35 can now be renamed CXCRS as per the established guidelines of

chemokine receptor nomenclature (1).

CXCL17 chemokine (including species counterparts)

[0055]  The chemokine CXCL17 exists in human (Locus tag UNQ473/PR0O842)
(Q6UXB2(UniParc))(NP_940879.1), Mouse (NCBI gene 1D:284340)(NP_705804.2),
Chimpanzee (XP_001154726.1), and other mammals including the dog, elephant and gorilla.
CXCL17 is likely to exist in many species and can be identified by BLAST searches of
comprehensive databases like Swiss-Prot or NR-AA (see for example: on the World Wide
Web at genome.jp/tools/blast/). Natural sequences may in many cases be substituted by
variants thereof, including in certain embodiments at least about 80% identity, about 85%, or
about 90% identity or more, including at least about 95% or 100% identity. For example a
segment of comparison may be about 95% of the amino acids in length, or about 90%, 85%,
or 80% of the amino acids of the length for comparison. The length of comparison may be at

least about 20, 30, 40, 50, 55, 60, 65, 70, or 75 amino acids. The variants may conserve
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particular physicochemical or functional features as the prevailing natural sequence, while
other variants may have modified combinations of structural and functional features. In some
embodiments, the variants do not include sequences identical to naturally occurring human
CXCL17 or CXCRS sequences, or naturally occurring CXCL17 or CXCRS sequences of
other animals. Truncated versions, or fusions with other segments are provided, which exhibit
a function as described. Embodiments of the present invention allow for evaluating function

corresponding to structural changes.

CXCR&8 chemokine receptor (including species counterparts)

[0056] CXCRS chemokine receptor (which include species counterparts) are described.
Variants of the sequence with appropriate functions, are provided herein. In particular,
variants will typically retain at least about 80%, 85%, 90%, and 95% or more identity in
sequence to the natural sequences. In other embodiments, variants will have regions of
differing identity, and may include segments of various lengths, e.g., about 20, 30, 40, 50, 70,
100 or more amino acids of specific identity, e.g., 100%, about 95%, 90%, 85%, 80% or
lesser identity to the reference sequence. Preferred human sequences are described above,

and include accession numbers: NP_001182310;Q9HC97; BC095500.

CXCL17 chemokine and CXCRS8 chemokine receptor pairing (ligand-receptor pairing)

[0057] Embodiments of the invention describe the identification of the receptor for the
CXCL17 chemokine. It is a G-protein coupled receptor GPR35, which can now be renamed
CXCRS&. The importance of this discovery is that both are proteins expressed in mucosal sites
where they recruit various cells of the immune system, including macrophages, monocytes
and dendritic cells to maintain homeostasis and to regulate inflammatory responses in these
tissues, among other functions. There are a number of inflammatory conditions in these
tissues that cause human disease, and regulating the CXCL17/CXCRS axis is therefore

important to get therapeutic benefit.

Pairing function (ligand production, receptor binding, signaling, effector functions)

[0058]  Given that there is a large number of class A GPCRs in the human genome (more
than 273) it is not easy to identify a novel chemokine receptor. There are few chemokines
that do not yet have receptors identified (the other one is CXCL14) (1). The inventors
consider that the identification of CXCRS was difficult and non obvious because it first

involved the identification of all the GPCRs expressed by responding cells, and then testing
13
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cach one until the correct receptor through which CXCL17 signals was found. The
identification of CXCRS allows us to predict that it will signal and mediate effector functions
of CXCL17. Both CXCL17 and CXCRS are over-expressed under inflammatory conditions,
and this is a common feature of other chemokine/receptor axes that participate in
inflammatory responses (16). Following the initial calcium flux that is triggered by the initial
binding of the chemokine to its receptor, there are a number of phosphorylation steps that

lead to changes in the cytoskeleton of the cell and prepares it for migratory responses (16).

Ligand analog structures, agonists and antagonists

[0059] It can be predicted that the binding of CXCL17 to CXCRS8 can be eliminated by
introducing mutations in the protein interacting segments, or binding sites of these proteins.
The ligand binding site of CXCRS should include the NH, terminus about 1-25 and exposed
sites of the GPCR loops that face the exterior of the cell which may include residues about
73-about 105, and about 150 to about 175 of the sequence of accession number NP_005292.
Figure 2C shows the sequence homology between CXCRSE (GPR35) and several other human
chemokine receptor molecules. Consensus sequence is shown and the relative extent of
conservation between all the receptors. Domains common to the GPCR family such as the
seven transmembrane domains (TM), the TxP motif and the DRY box are indicated. Figure

14 is a sequence alignment of CXCRS from various animals.

[0060]  Similarly, CXCL17 mutants can be constructed by mutations in the core of the
chemokine, those areas between the 2 disulphide bridges characteristic of chemokines.
CXCL17 exhibits some original structure, which partly explains why it was the most recent
chemokine discovered (2), so it is possible that mutations in other areas, for example,
residues about 23 to about 49 and about 104 to about 119 of the sequence of accession
number NP_940879 could render it incapable of binding CXCRS. Figure 15 is a sequence
alignment of CXCL17 from various animals. Nevertheless mutagenesis methods and
analysis are common techniques familiar to those skilled in the art so there should be no
problem identifying empirically how function is affected by structural variations in the

CXCL17 and CCRS proteins.

[0061] The CXCL17 mutant because of its soluble nature will be more useful to use as an
antagonist (if it binds but does not signal) or alternatively, some mutants may show enhanced

binding and signaling and may have other uses in the recruitment of specific responding cells.
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[0062]  Antibody structures, against ligand, against receptor; fragments, aptamer; non-
polypeptide structures (e.g., non-peptide linkages; modified polypeptides); RNAi, CRISPR,
TALEN compounds affecting receptor/ligand interactions; screening for receptor binding

(use ligand as positive control), and compound libraries, are embodiments of the invention.

[0063]  Antagonists against CXCR8 or CXCL17 include certain antibodies against these
proteins, as well as mutant CXCL17 protein. It is also possible to use small molecule
antagonists that can be identified by using BA/F3 cells transfected with CXCRS for use in
calcium-flux based screening assays like those based on FLIPR technology (17). The FLIPR
(fluorescent imaging plate reader) assay uses trans-laser illumination of multiwell cell culture
plates, and light emissions are detected from above. Typically, cells are loaded with a Ca**
indicator fluorophore (such as Fluo3) and the emitted fluorescence indicates relative Ca®’
levels within the illuminated cells. Test compounds can be added from multiwell plates
containing premeasured compounds directly to the assay plates containing cells. This
configuration enables continuous measurement of cell Ca®" levels before and after addition of
test compounds, and allows for measurement of compound activities toward the signaling
capacity of the test cells. Various compound libraries can be screened using these methods
including those used by companies like Merck, Lilly, Pfizer, etc. See for examples (on the

World Wide Web at enzolifesciences.com/welcome/compound-libraries/).

[0064]  Of particular importance, the pairing provided here serves as a positive control for
a screening assay. It can be used quantitatively, e.g., to evaluate the specific activity and
pharmacological signaling of natural interaction. Specific activity of variant forms can be
evaluated as partial agonists or partial antagonists. Different forms may have differing
spectra of activity across different receptor variants found in various therapeutic
subpopulations. Thus, different variants may have greater or lesser variation in
responsiveness to heterogencous target populations, e.g., expressing different receptor

isotypes.

[0065]  Other features that can affect binding or other pharmacology include glycosylation,
methylation, acetylation, or other modifications. In certain embodiments, a non-peptide
linkage of peptide sequences may achieve the same function to link two peptides. These
include aptamers which are oligonucleic acid or peptide molecules that bind to a specific

target molecule. Other possible inhibitors of the CXCL17/CXCRS interaction include RNAi
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(interference RNA used to inhibit gene expression)(see, ¢.g., Cheng, K., and Mahato R.1.
Advanced delivery and therapeutic applications of RNAi, Wiley, 2012). RNAi molecules
introduced into cells will lead to the destruction of cellular RNA through a normal cell
pathway and thereby prevent the expression of the protein encoded by a DNA sequence and
the resultant mRNA. RNAi molecules are frequently used to reduce or eliminate the
expression of targeted molecules in biological research. In a therapeutic setting, mRNA
could be used to reduce or eliminate the expression of CXCR8 or CXCL17 proteins, thereby
reducing the signaling and biological effects of CXCL17 and CXCRSE. CRISPR, TALEN
compounds, and the like affecting receptor ligand interactions may also be used (see on the
World Wide Web at sciencemag.org/content/341/6148/833.full). CRISPR and TALEN
molecular technologies use DNA-binding proteins (TALEN) or RNA molecules (CRISPR) to
guide associated nuclease molecules to a specific DNA sequence in the genome. The
nuclease introduces double stranded DNA breaks. In the presence of introduced locus-
specific homology arms, mutations, deletions and insertions can be introduced at the target
site. Such techniques could be used in a research or clinical setting to decrease or increase

the signals normally driven by the interaction of CXCR17 and CXCRS.
Diagnostic uses of pairing; label one, assay for other, functional sensitivity, etc.

[0066]  Selective interaction will allow for using one of the pair to be used to detect the
partner. Label of one will allow for identifying the partner. The label may include
radioactive, isotope, fluorescent, or other. Antibodies may also be used to detect and evaluate
body, organ, and tissue distribution. These distribution patterns may be useful as diagnostic

evaluations, e.g., for the clinical indications described.

Diagnostic methods (e.g., chemokine/receptor based patient subsetting)

[0067] CXCLI17 and CXCRS8 may also be useful as biomarkers for specific diagnostic
uses. These include the ability to quantify CXCR8+ cells or subtypes in the blood of patients,
the numbers or types of which may be altered in various pathological conditions, or the
concentration of CXCL17 in bodily fluids that can be measured by ELISA or similar
methods. See e.g., Pagana and Pagana, Mosby’s Manual of Diagnostic and Laboratory Tests
Fourth Ed. Mosby Elsevier 2013. CXCL17 and/or CXCRS8 may also be used as biomarkers

of subclinical interstitial lung disease (subclinical ILD).
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Therapeutic methods using chemokine or receptor (clinical indications)

[0068] It is expected that agonists or antagonists of the CXCL 17/CXCRS interaction will
be useful for various therapeutic indications based on the expression pattern of these proteins
which includes the mucosal sites of the respiratory, gastrointestinal and female reproductive
systems. These proteins will be involved in the pathogenesis of several cancers, including
glioblastoma or other brain cancers, as well as multiple sclerosis and they will also likely be

involved in the control of blood pressure.

[0069]  The subject can be, e.g., a mammal, a primate, a human, a farm animal, a
companion animal, a human, a poultry species, a cow, a horse, a goat, a cat, a sheep, a rodent,
a dog, a pig, a chicken, a duck, a turkey, a quail, or a goose. A display or exhibition animal
may also be treated, e.g., zoo or performing animal, including pinipeds, whales, dolphins,

lions, tigers, and other veterinary subjects.

Combination therapies (in combination with another treatment)

[0070] A preferred use of an embodiment of the invention will be to control inflammation.
Here, agonists or antagonists of the CXCL17/CXCR& interaction may be used with other
established anti-inflammatories including non-steroidal anti-inflammatories, aspirin, or anti-
TNFa agents like Humira, Remicade, or Enbrel. In particular, combinations with therapeutic
antibodies are provided. Other indications may be treated in classical methods, whose

efficacy may be synergistic with the methods provided herein.

[0071] Making chemokine, analogs (recombinant, chemical linkages, glycosylation, etc.);
making receptor analogs; nucleic acids encoding analogs, including expression constructs,

plasmids; cells, animals comprising nucleic acids (eukaryotes, prokaryotes).

[0072]  Standard methods for producing and making the ligands, receptors, and variants
can be applied. Standard recombinant methods can be developed, including design of
recombinant nucleic acids encoding constructs. See, ¢.g., Thompson D.A. Cell and Molecular
Biology Manual 2011. Expression vectors, ¢.g., with promoters operably linked to coding
regions, can be devised. Cells comprising the vectors are provided, including both
prokaryote cells and eukaryote cells. Compatible expression methodologies can also be

developed.
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[0073]  Typically, a polynucleotide that encodes the cell wall degrading polypeptides is
placed under the control of a promoter that is functional in the desired host cell. An
extremely wide variety of promoters is well known, and can be used in expression vectors of
embodiments of the invention, depending on the particular application. Ordinarily, the
promoter selected depends upon the cell in which the promoter is to be active. Other
expression control sequences such as ribosome binding sites, transcription termination sites
and the like are also optionally included. Constructs that include one or more of these control
sequences are termed “‘expression cassettes.” Accordingly, embodiments the invention
provide expression cassettes into which the nucleic acids that encode the relevant functional
polypeptides are incorporated for high level expression in a desired host cell (see, ¢.g., Ream

W and Field K.G. Molecular Biology Techniques. Academic Press. 2012).

[0074]  Substantially pure compositions of at least about 70, 75, 80, 85, 90% homogeneity
are preferred, and 92, 95, 98 to 99% or more homogeneity are most preferred. The purified
polypeptides may also be used, e.g., as immunogens for antibody production, which

antibodies may be used in immunoselection purification methods.

Formulations

[0075] Different formulations can be used (sterile, buffered, slow release, controlled
release, stabilizers, ointments, etc.) depending on the optimal route of administration. See,
e.g., Niazi S.K. Handbook of Pharmaceutical Manufacturing Formulations Informa
Healthcare 2012. As with anti-inflammatories, agonists or antagonists of the
CXCL17/CXCRS interaction can be used in combination with other established drugs to
optimize therapeutic outcomes. In addition, the compound(s) can be used in combination with
other therapeutics in a single formulation strategy. Phamacological variants can be used to
obtain desired pharmacokinetic outcomes (secretion, half life, solubility or optimize excretion

routes).

[0076]  The exact dose will depend on the purpose of the treatment, and will be
ascertainable by one skilled in the art using known techniques. See, e.g., Ansel, et al.,
Pharmaceutical Dosage Forms and Drug Delivery; Lieberman (1992) Pharmaceutical Dosage
Forms (vols. 1-3), Dekker, ISBN 0824770846, 082476918X, 0824712692, 0824716981,
Lloyd (1999) The Art, Science and Technology of Pharmaceutical Compounding; and Pickar

(1999) Dosage Calculations. As is known in the art, adjustments for protein degradation,
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systemic versus localized delivery, and rate of new protease synthesis, as well as the age,
body weight, general health, sex, diet, time of administration, drug interaction, and the
severity of the condition may be necessary, and will be ascertainable with some

experimentation by those skilled in the art.

[0077]  Various pharmaceutically acceptable excipients are well known in the art. As used
herein, “pharmaceutically acceptable excipient” includes a material which, when combined
with an active ingredient of a composition, allows the ingredient to retain biological activity
and without causing disruptive reactions with the subject's immune system. Such may include
stabilizers, preservatives, salt or sugar complexes or crystals, and the like. See, e.g., Niazi

S.K. Handbook of Pharmaceutical Manufacturing Formulations Informa Healthcare 2012.

[0078] Exemplary pharmaceutically carriers include sterile aqueous of non-aqueous
solutions, suspensions, and emulsions. Examples include, but are not limited to, standard
pharmaceutical excipients such as a phosphate buffered saline solution, water, emulsions
such as oil/water emulsion, and various types of wetting agents. Examples of non-aqueous
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and
injectable organic esters such as ethyl oleate. Aqueous carriers include water, alcoholic/
aqueous solutions, emulsions or suspensions, including saline and buffered media. Parenteral
vehicles include sodium chloride solution, Ringer's dextrose, dextrose and sodium chloride,
lactated Ringer's or fixed oils. Intravenous vehicles include fluid and nutrient replenishers,
electrolyte replenishers (such as those based on Ringer's dextrose), and the like. In other
embodiments, the compositions will be incorporated into solid matrix, including slow release
particles, glass beads, bandages, inserts on the eye, and topical forms. Administration routes
may include the following: topical, systemic, respiratory, oral, eye, implant, vaginal, anal,
suppository, devices with control release, sublingual, buccal, nasal, inhalation, parenteral,

intraorgan, subcutancous, intradermal, intramuscular, intravenous, and the like.

[0079]  The present invention may be better understood by referring to the accompanying
examples, which are intended for illustration purposes only and should not in any sense be
construed as limiting the scope of the invention. Although the description of the invention
has included description of one or more embodiments and certain variations and
modifications, other variations and modifications are within the scope of the invention, e.g.,

as may be within the skill and knowledge of those in the art, after understanding the present
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disclosure. All publications, patents, patent applications, Genbank numbers, and websites

cited herein are hereby incorporated by reference in their entireties for all purposes.

EXAMPLE 1

[0080] We began by identifying cells that responded to CXCL17. To this end, we
measured the response of multiple cell lines to recombinant CXCL17 using transwell-based
chemotaxis assays. One of the best chemotactic responses induced by CXCL17 was observed
with the THP-1 human cell line (Figure 1A). THP-1 cells were derived from a patient with

acute monocytic leukemia (18) and have been widely used for monocyte/macrophage studies.

[0081]  Given that CXCLI17 is known to recruit monocytes and dendritic cells (2) we
concluded that THP-1 cells must express the CXCL17 receptor. Importantly, we also found
that the response of the THP-1 cells to CXCL17 increased following treatment with
prostaglandin E2 (PGE2) (Figure 1A). Previous reports have made similar observations in the
chemotactic responses of THP-1 to other chemokines (for example, CXCL 14), following

PGE?2 treatment (19). Furthermore, the chemotactic response of the THP-1 cells is sensitive
to Bordetella pertussis toxin (PTX) (Figure 1A). PTX is known to inhibit G/, protein

signaling pathways (20-21). Since most chemokine receptors elicit their response via Gy
proteins, this observation suggested that the CXCL17 receptor activates the same signaling

pathways.

[0082]  The binding of chemokines to their receptors causes a characteristic increase in
cytosolic calcium, representing one of the earliest biochemical events that occur in cells in
response to a ligand binding its cognate receptor (21-22). Accordingly, we hypothesized that
the THP-1 cells should exhibit CXCL17-mediated Ca™ fluxes. As shown in Figure 1B, we
observed a strong Ca™ flux following addition of CXCL17 in both resting and PGE2-treated
cells. In agreement with the chemotactic responses, the PGE2-treated THP-1 cells also

elicited a stronger Ca™* flux signal (Figure 1B).

[0083]  Cellular responses to chemokines are governed by several regulatory steps.
Examples of these regulatory processes include the control of both agonist and chemokine
receptors synthesis or chemokine degradation (23). Additionally, there is a rapid mechanism
that involves the activation of a receptor inactivation signaling pathway, know as

desensitization. This phenomenon is due to the activation of a cascade of feedback inhibitors,
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including arrestins and G protein-coupled receptor kinases (24), and may be designed to
prevent potential damaging effects of prolonged activation. Chemokine receptors therefore

become desensitized for a certain period of time following activation.

[0084]  We tested CXCL17-driven desensitization using THP-1 cells. As shown in Figure
1C, CXCL17 desensitizes itself but not the Ca™ flux induced by CCL2, another chemokine
that induces strong responses in THP-1 cells (25). Conversely, CCL2 did not desensitize
CXCL17-mediated responses, indicating that these two chemokines signal through different
receptors (CCL2 binds CCR2).

[0085]  The previous results indicated that CXCL17 signals through an unidentified
receptor expressed by CXCL17-responding cells. As mentioned above, CXCL17 induces
chemotaxis of monocytes and dendritic cells (Figure 1A, (2)). We therefore used a
comprehensive human gene expression microarray database, a ‘Body Index of Gene
Expression’ (BIGE) database (26-27), to identify GPCRs expressed by monocytes. This
screen yielded close to 90 GPCRs, 10 of which were annotated as olfactory, 60 were known
(annotated), and 20 as orphan (GPCRs with no known endogenous ligands) (Figure 8, Table
2). To search for its receptor, we first tested whether CXCL17 bound or activated other
known chemokine receptors including those known to be expressed by macrophages. Binding
and/or signaling studies confirmed that CXCL17 does not bind or signal to CCR2, CCRS,
CXCR2, CXCR3, CXCR4, CXCR7 and CCX-CKR. Furthermore, CXCL14 or CCL28 do not
bind GPR35 either (Figure 7). Therefore, we predicted that CXCL17 must bind a novel, as
yet unidentified chemokine receptor. We decided to undertake experiments aimed at the

identification of the CXCL17 receptor.

[0086] We focused on the orphan GPCRs and prioritized for screening those GPCRs that
showed structural similarities to other chemokine receptors as well as an expression pattern
similar to CXCL17. These criteria narrowed the list of candidates. We first screened CCRL2,
a GPCR that exhibits many chemokine receptor like characteristics and is expressed in
macrophages and DCs (28), by producing transfectants that were tested in Ca™* flux assays
with CXCL17. In agreement with a recent report (29), we observed no calcium fluxes in
response to CXCL17 (data not shown). Our next candidate was GPR35. GPR35 was first
identified as a class A orphan GPCR gene (30). GPR35 is expressed in several mucosal

tissues including the gastrointestinal tract (31) as well as some hematopoietic cells such as
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monocytes (32), basophils and eosinophils (33); and also shows relatively high expression in
adult lung (34). Up-regulation of GPR35 has been found in human mast cells upon
stimulation with IgE antibodies (33), human macrophages treated with benzo [a] pyrene (35)

and gastric cancer cells (31).

[0087]  Kynurenic acid, a tryptophan metabolite of the kynurenine pathway, 2-Acyl
lysophosphatidic acid (2-acyl-LPA) and some tyrosine metabolites have been identified as
agonists of GPR35 (36-37); however, whether alternative endogenous GPR35 agonists exist

remains controversial.

[0088]  The expression of GPR35 in the BIGE database revealed that the top GPR35-
expressing locations/cells include resting monocytes (Figure 5, Table 1); as expected, resting
DCs are also present in this list and show relatively high expression of GPR35 (Figure
5,Table 1). These immune cell types show chemotaxis in response to CXCL17 ((2) and
unpublished data). The receptor expression in the remaining tissues on the list is strongly

mucosal and correlates with the known CXCL 17 expression pattern (3).

[0089] The GPR35 gene is located on the long arm of the chromosome 2 at 2q37.3 (Figure
2A). Interestingly, the gene encoding CXCR? is located in a neighboring locus. This
observation is interesting because phylogenetic sequence analysis indicates that CXCR7 is
closely related to GPR35 (Figure 2B). Yet, CXCL17 does not bind to CXCR?7 as it does not
displace '"*I-CXCLI12 from CXCR7 expressing cells. Subsequent examination of the GPR35
protein sequence revealed the presence of a DRY box at the second intracellular loop (Figure
2C). This motif, present at a corresponding position in most known functional chemokine
receptors, represents the main site for G protein coupling to these transmembrane molecules
(38) and is also related with the B-arrestin recruitment regulating ligand-dependent receptor
internalization (39). Furthermore, we also detected the presence of a conserved Asp residue
and a TxP (Thr-Xaa-Pro) motif at the second transmembrane domain. These features are
highly conserved structural determinants in chemokine receptors and play an important role
in receptor activation (40-41). These GPR35 structural features along with its tissue

expression pattern strongly suggested that GPCR35 could be the CXCL 17 receptor.

[0090]  Using quantitative real-time PCR (qQRT-PCR), we confirmed that GPR35 is
expressed in resting THP-1 monocytes and is significantly up-regulated upon PGE2

stimulation (Figure 3A). The expression of GPR35 in THP-1 cells was confirmed by flow
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cytometry (Figure 3B). We sought to demonstrate that we could establish a calcium flux in
response to CXCL17 in previously non-responsive cells by transfecting this receptor into a
GPR35 null cell line. The mouse pro-B cell line Ba/F3 does not express GPR35 (42), so we
used these cells for transfection experiments. When human GPR35-transfected mouse Ba/F3
cells were stimulated with recombinant human CXCL17, we observed a robust calcium flux
response (Figure 4A). Importantly, this response was not detected in mock-transfected
control cells. Moreover, we also noticed a CXCL17 dose-response pattern, with increasing
Ca™? spikes corresponding to increasing concentrations of CXCL17 (Figure 4B). Similar
results were obtained when GPR35 was transfected into other cells (Figure 6). Additionally,
we tested whether other mucosal-expressed chemokines such CXCL 14 or CCL28 could
induce signaling trough GPR35 without success (Figure 7). Taken together, these
observations indicate that GPR35 is a CXCL17 receptor.

[0091] CXCLI17 belongs to the C-X-C chemokine sub-family and these ligands usually
bind C-X-C chemokine receptors (43). Seven GPCR members compose this sub-class of
chemokine receptors: CXCR1 to CXCR7 (1). Considering the ability to GPR35 to
functionally respond to CXCL 17, we propose to renaming GPR35 chemokine (C-X-C motif)
receptor 8 (CXCRS).

[0092]  The identification of CXCRS as the CXCL17 receptor represents a important
contribution to the chemokine field since the last chemokine-binding receptor (CXCR7-
which binds CXCL11 and CXCL12) was reported over eight years ago (44). The
physiological significance of the CXCL17/CXCRS axis in mucosal sites remains to be
explored. However, GPR35 has already been identified as a potentially important target for
gastrointestinal diseases (31). Importantly, genome-wide association studies (GWAS)
identified a GPR35 missense single nucleotide polymorphism strongly linked to primary
sclerosing cholangitis with subsequent ulcerative colitis (5). Taken together, these
observations strongly suggest that the CXCL 17/CXCRS axis is an important macrophage
recruitment signal in the respiratory and digestive system, and further suggest that this axis is
involved in the pathogenesis of inflammatory diseases of the gut, and given our observation
of strong CXCL 17 upregulation in IPF (3), also in lung pathologies. Given the importance of
inflammation in both lung and gastrointestinal pathologies, we predict that the

CXCL17/CXCRS axis will be shown to be a major player in various human diseases.
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EXAMPLE 2:

Cells and reagents

[0093] Human THP-1 acute monocytic leukemia cells (American Type Culture
Collection, Rockville, MD) and an IL-3-independent clone of murine bone marrow-derived
pro-B-cell line Ba/F3 (Leibniz Institute DSMZ-German Collection of Microorganisms and
Cell Cultures, Braunschweig, Germany) are maintained in complete RPMI medium (10%
fetal bovine serum, penicillin 1000 U/mL, streptomycin 1000 U/mL, and glutamine 20
mmol/L, everything from Corning-Cellgro, Manassas, VA). The reagents used for the
different experiments presented include: purified rabbit IgG (Jackson ImmunoResearch, West
Grove, PA) and polyclonal rabbit anti-human GPR35 (Cayman Chemicals, Ann Arbor, MI).
The human GPR35 clone can be obtained from The Missouri S&T cDNA Resource Center
(Rolla, MO) consisting in the cDNA of the G protein coupled receptor 35 (GPR35) (wild
type) cloned into pcDNA3. 1+ expression vector (Life Technologies, Carlsbad, CA) at EcoRI
(5") and Xhol (3"). The open reading frame is amplified by the PCR from human genomic
DNA. Insert size= 930 bp. Gene bank accession number: AY275467.

BIGE database

[0094]  The construction of the BIGE database has been described (3, 27). Briefly, tissues
or cells corresponding to 105 different sites of the human body were obtained within 5 h
postmortem. RNA was prepared as described and used to prepare cDNA to be hybridized to
U133 2.0 gene arrays (Affymetrix, Santa Clara, CA). The resulting data were normalized, and
a probeset corresponding to GPR35 (210264 at) was used to determine the expression of

GPR35 in the human body.

Quantitative real-time PCR analysis

[0095]  The quantitative real-time PCR (QRT-PCR) data are generated with a Roche
Lightcycler 480 using a Universal Probe Library-based system (Roche annotation needs to go
here). Briefly, total RNA is extracted from THP-1 cells using the Qiagen’s RNeasy RNA
purification kit. Equal concentrations of total RNA are used in a reverse transcription reaction
to generate cDNA (Qiagen, Valencia, CA). 50 ng of cach cDNA is used per 40-cycle PCR
run. Gene-specific primers and corresponding Universal Probe Library are used for each

reaction to quantitatively detect the amount of CXCL17 and control genes transcripts in each
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tissue sample. The results are processed and analyzed using GraphPad Prism software (on the

World Wide Web at.graphpad.com).

Chemotaxis assays

[0096] Chemotaxis assays are performed using 24 well transwell migration plates
(Corning, NY), which contain an upper insert and lower chamber. 200 ng/mL of recombinant
chemokine (R&D Systems, Minneapolis, MN) in 600 pl of chemotaxis buffer (C-buffer)
(incomplete RPMI, Mediatech, Manassas, VA) is added to the bottom chamber of the
transwell plate. The transwell plates used in these assays had 5.0 um sized pores (Corning,
Corning, NY). 0.5-1.0 x 10° cells are used as the input number of cells for all cell lines tested
unless otherwise noted. Prior to their addition to the top insert assay plate, the cells are
washed three times in C-buffer. The assay is incubated at 37 °C and 5% CO; for 18-20 hours.
Chemotaxis is periodically monitored using a microscope. Where noted, cells are treated
with 200 ng/mL of pertussis toxin (PTX) (Sigma, Saint Louis, MO) or 10 uM prostaglandin
E2 (PGE2) (Sigma) for 24 hours prior to the start of the chemotaxis assay.

Quantification of chemotaxis by flow cytometry

[0097]  This protocol is adapted from Proudfoot et al. (45) Briefly, at the end of the
chemotaxis assay, the chemotaxed cells are collected from the bottom chamber of the plate,
spun down in FACS tubes, and resuspended in 200 pL of I1x PBS. Standards can be
generated by making 10-fold dilutions of cells ranging from 1.0 x 10° to 1.0 x 10* cells in 200
uL of 1x PBS. The cell counts for the standards and all of the chemotaxed cells are recorded
as the number of events counted in 30 seconds. Since the precise number of cells is known
for the standards, their cell counts are used to generate a standard curve. The trendline and
equation resulting from this standard curve is used to calculate the relative number of cells
that chemotaxed for each cell line or primary cell analyzed. A FACSCalibur machine

(Becton Dickinson, Franklin Lakes, NJ) is used for these quantification experiments.

GPR35 transfection asssays

[0098] Ba/F3 cells are resuspended in cytomix buffer (120 mM KCI, 0.15 mM CaCl,, 25

mM HEPES/KOH, pH 7.6, 2 mM EGTA, 5 mM MgCl,) at a final density of 2 x 107 cells/mL
transferring 500 uL of suspension to a 0.4 cm electroporation cuvette (USA Scientific, Ocala,
FL). Then, twenty ug of pcDNA3.1+/GPR35 DNA is transfected into the cells. Plasmid DNA

is added to the cell suspension in the cuvette and mixed by gentle pipetting. The mixture is
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then exposed to a single electric pulse of 300 V with a capacitance of 960 pF using a Bio-Rad
(Hercules, CA) pulse system. The cells are allowed to recover in complete culture medium at
37°C (5% CO, atmosphere) for 48 h before harvesting and performing Ca'” mobilization

assays.

Calcium mobilization assays

[0099]  For calcium studies in THP-1 or transfected Ba/F3 cells, 5 x 107 cells/mL are
loaded with calcium green-1-AM and fura-red-AM (Life Technologies, Carlsbad, CA) both
at a final dye 10 pmol/L concentration for 30 minutes at 37°C in non-supplemented RPMI
1640. Loaded cells are washed once in Hanks balanced salt solution containing 0.14 g/L of
CaCl, (HBSS, Corning-Cellgro), resuspended at 1.5 x 10° cells/mL in HBSS, and
immediately placed on ice protecting them from light. Prior to activation, cells are warmed to
37°C for 15 minutes. Following 30 seconds of data acquisition, cells are stimulated by
addition of different amounts of human recombinant CXCL17 (R&D Systems, Minneapolis,
MN), using the stimulation with 100 pM lonomycin (Sigma, Saint Louis, MO) at a final stage
to determine the viability of every cell-group analyzed, representing a positive control-
stimulus. The calcium green versus fura red fluorescence ratio of individual cells is measured
by means of a FACSCalibur flow cytometer (Becton Dickinson) before and after the addition
of activators and analyzed by means of the FlowJo FACS software (Tree Star Inc.). Data are
presented in arbitrary units as a function of fluorescence (relative intracellular calcium)

versus time.

EXAMPLE 3:
[00100] The term "epitope" means a protein determinant capable of specific binding to an
antibody or a binding domain such as one or more loops of a scaffold-based or receptor

proteins.

[00101] These epitopes usually consist of chemically active surface groupings of molecules
such as amino acids or sugar side chains and usually have specific three-dimensional
structural characteristics, as well as specific charge characteristics. Conformational and
nonconformational epitopes are distinguished in that the binding to the former but not the

latter is lost in the presence of denaturing solvents or heat treatment.
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[00102] The conformational epitopes result from conformational folding of the target
molecule, which arise when amino acids from differing portions of the linear sequence of the

target molecule come together in close proximity in 3-dimensional space.

[00103] Chemokines share a conserved 3D structure, the so-called IL8-like chemokine

fold, which is stabilized by cysteine residues forming intra-molecular disulfide bonds.

[00104] Interestingly, the predicted IL8-like chemokine structure of CXCL17 reveals
disulfide bonds in non-canonical regions in 3D structure while still maintaining an active
fold. The low sequence similarity to other known members of the family and its cysteine
patterns differing from those in known chemokines are the reasons why chemokine CXCL17

escaped annotation by standard sequence-based methods (2).

[00105] Chemokine receptor activation involves interactions between chemokine N-loop
and receptor N-terminal residues, and between chemokine N-terminal and receptor
extracellular/transmembrane residues (46), demonstrating that the conformational state of this

interaction is critical.

[00106] So, by heating a recombinant CXCL17 preparation (95 °C, 10 minutes) followed
by an immediate heat-shock (4°C, 5 min) we can denature and prevent the renaturation of
chemokine into active conformation. By doing this, the native 3-dimensional conformation of
the protein is destroyed but the protein primary structure, as defined by the amino acid
sequence, should remain intact. The intact polypeptide can be evaluated by SDS-PAGE, or

other analytical method, to establish that the polypeptide and sequence remain intact.

[00107] When the native “conformational active” CXCL17 is added to cells transfected
with CXCRS, that were previously loaded with Ca+2 sensitive dyes (Fura Red plus Calcium
Green), an increase in intracellular Ca+2 concentration as measured by an increase in
fluorescence ratio can be detected by a flow cytometer. If the heat-denatured CXCL17 is
added in the same assay, the cells are not responsive, as indicated by the absence of increased
Ca+2 signaling. This response demonstrates that the polypeptidic sequence by itself of
CXCLI17 is not responsible for binding and functional activating CXCRS but its

conformational-integral native form is.
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EXAMPLE 4:

[00108] The CXCLI17/CXCRS interaction is likely to play a major role in gastrointestinal
inflammatory disorders. (31). Importantly, genome-wide association studies (GWAS)
identified a CXCRS8/GPR35 missense single nucleotide polymorphism strongly linked to
primary sclerosing cholangitis with subsequent ulcerative colitis (5). This kind of information
makes an involvement of CXCL17/CXCRS in gastrointestinal inflammatory disorders very
likely. The effectiveness of agonists and/or antagonists of the CXCL17/CXCRS interaction
can be assayed using pre-clinical mouse models of gastrointestinal disorders. The two
predominant murine model of colitis are induced using dextran sodium sulfate (DSS) (47-4%),
or 2,4,6-trinitro benzene sulfonic acid (TNBS) (49-51). The DSS model imitates human
colitis more than the TNBS model because it can be induced in either an acute or a chronic

form (47-49).

[00109] These models are well established and have been shown to yield consistently
reproducible results. Therefore, the effect of adding of agonists or antagonists to these
systems should be easy to detect in the assay readout when the responses of
agonist/antagonist treated and untreated mice are compared upon selected pharmacological
dosing in the therapeutic range. Specifically, disease pathogenesis and severity would be
compared between the two cohorts of animals. The ideal administered dose and route of
delivery of the agonists/antagonists could also be easily varied, tested and ultimately

determined using these models.

[00110] CXCLI17/CXCRS deficient (knockout) mouse strains can also be used to predict
the efficacy of antagonists in gastrointestinal disorders. These mouse strains are lacking
expression of either the ligand or receptor, and therefore will behave similar to wild type
(WT) mice treated with an antagonist. The response of CXCL17/CXCRS deficient mice to
the pre-clinical murine models of colitis can be compared to that of WT mice, and
conclusions about the efficacy of the specific antagonists can be made. The animal models
may also be used to establish whether the chemokine or receptor evaluation may provide
diagnostic or therapeutic subsetting of specific animals to determine dosing and therapeutic

strategy.

[00111] Inone example, a monoclonal antibody targeted against CXCL17 is used in the

acute murine DSS model of colitis (52). The antibody is selected to confirm that it inhibits
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the CXCL17/CXCRS interaction by inhibiting the calcium flux observed in a BA/F3 cell
transfected with CXCRS8 as shown in the drawings. The experiment can use four cohorts of
mice, ¢.g., one cohort that receives isotype control antibody, one cohort that receives the anti-
CXCL17 antibody, one cohort that receives isotype control antibody and DSS, and a final
cohort that receives anti-CXCL 17 antibody and DSS. Over the experimental period, the mice
receiving DSS are dosed in their drinking water at Day | and Day 5; control mice are just
given autoclaved drinking water. The anti-CXCL17 antibody or isotype control antibody are
given at the appropriate therapeutic dose to the mice through intraperitoneal (i.p.) or
intravenous (i.v.) injection at three different times during the DSS treatment: one injection

before starting DSS treatment and two injections during DSS treatment.

[00112] The efficacy of the anti-CXCL17 antibody can be assayed by analyzing the
changes in weight of the mice and the development of gastrointestinal symptoms, ¢.g.,
diarrhea/bloody stools, during the course of the DSS treatment (52). The levels of
inflammation of the colon are analyzed at the end of the experiment, ¢.g., using Q-PCR,
immunohistochemistry (IHC) and/or immunophenotyping of individual immune cell

populations (52).

[00113] The example can be used in other subjects, including humans, that may have
gastrointestinal diseases such as Crohn’s disease, ulcerative colitis, celiac disease, or others.
See, e.g., Hauser, S.C. Mayo Clinic Gastroenterology and Hepatology Board Review, Fourth
Ed. Mayo Clinic Scientific Press, 2013; Hawkey et al., Clinical and Gastroenterology and
Hepatology, Second Ed. Wiley-Blackwell, 2012; and Yamada T. et al. Yamada’s Handbook
of Gastroenterology, 3" Ed. Wiley-Blackwell, 2013. Genetic models, ¢.g., knock-out

animals, may be particularly useful test subjects for therapeutic testing.

EXAMPLE 5:

[00114] The efficacy of agonists or antagonists in targeting of the CXCL17/CXCRS
interaction can be shown using pre-clinical murine models of respiratory disease. The murine
bleomycin model of human idiopathic pulmonary fibrosis (IPF) is widely used to study IPF in
animals (53-55). See, ¢.g., Models of Lung Disease, edited by Joan Gil, copyright 1990; and

Fishman’s Pulmonary Diseases and Disorders, Fishman et al, copyright 2008.

[00115] Using two cohorts of animals (agonist/antagonist treated versus untreated), the
disease progression and severity in both cohorts are compared. Appropriate therapeutic
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dosing and therapeutic treatment are applied to the animals. Conclusions about the
effectiveness of the agonists/antagonists are made after analyzing the results of these
experiments. Additionally, the amount of agonist/antagonist and route of delivery are

compared using this model.

[00116] CXCLI17/CXCRS deficient (knockout) mouse strains are used to predict the
efficacy of antagonists in respiratory disorders. These mouse strains lack expression of either
the ligand or receptor, and therefore will behave similar to wild type (WT) mice treated with
an antagonist. The response of CXCL17/CXCRS deficient mice to the pre-clinical murine
models of IPF are compared to that of WT mice, and conclusions about the efficacy of the

specific antagonists are made.

[00117] One example uses a monoclonal antibody targeted against CXCRS as a ligand
antagonist in a murine bleomycin model of IPF. The antibody is tested to confirm that it
inhibits the CXCL17/CXCRS interaction by inhibiting the calcium flux observed in a BA/F3
cell transfected with CXCRS as shown in the drawings. The experiment may use, ¢.g., four
cohorts of mice: one cohort that receives isotype control antibody, one cohort that receives
the anti-CXCRS antibody, one cohort that receives isotype control antibody and bleomycin,
and a final cohort that receives anti-CXCRS antibody and bleomycin. Over the experimental
period, the mice receiving bleomycin are given doses, €.g., through intraperitoneal (i.p.) or
intratracheal (i.t.) instillation (22294226). To achieve fibrosis of the lungs, bleomycin is
dosed multiple times over a 2-3 week period, after which fibrosis of the lungs is evaluated.
The anti-CXCRS antibody or isotype control antibody are given to the mice, e.g., through
intraperitoneal (i.p.) or intravenous (i.v.) injection three different times during the bleomycin
treatment: one injection before starting bleomycin treatment and two injections during

bleomycin treatment.

[00118] The efficacy of the anti-CXCRS antibody is assayed, ¢.g., by analyzing the
changes in weight of the mice during the course of the DSS treatment (56). Inflammation of
the lungs is analyzed at the end of the experiment, e.g., by measuring collagen and/or

hydroxyproline content of the lungs and/or immunohistochemistry (IHC) of the lung (56).

[00119] An analogous example is applicable to other subjects including humans affected,

for example, with idiopathic pulmonary fibrosis or other respiratory ailments. See, e.g., Judd,
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S, J, Respiratory Disorders Sourcebook, 2" Ed. Health Reference Series, 2012; and Lechner,
A. Respiratory, An integrated approach to disease; McGrawHill LANGE, 2012.

EXAMPLE 6:

[00120] Multiple sclerosis (MS) is an immune-mediated demyelinating disease of the
human central nervous system (CNS) that is the most common non-traumatic cause of
disability in young adults. See Holland, N. et al Multiple Sclerosis, 4™ Ed demos Health
2012). It is characterized by the activation and recruitment of T cells and macrophages to the

lesion site, and the production of demyelinating antibodies (57).

[00121] Experimental autoimmune encephalomyelitis (EAE) is an animal model for MS
(58). It is based on the induction of an autoimmune response to injected myelin proteins such
as proteolipid protein, myelin basic protein, and myelin oligodendrocyte glycoprotein in mice

and rats.

[00122] EAE can also be induced by passive transfer of T cells specific for myelin antigens.
Using various immunization protocols, acute and chronic-relapsing EAE models can be

induced.

[00123] The role of different chemokines and chemokine receptors in the pathogenesis of
EAE has been extensively investigated. CCL1, CCL2, CCL3, CCL4, CCL5, CCL7, CXCLI,
CXCL9, CXCL10, CXCL11, and CXCL16 chemokines were reported to be expressed in the
CNS in EAE models. CCL2 chemokine (monocytes chemoattractant protein-1) acts on
monocytes, activated T cells, natural killer (NK) cells, and microglia by binding to the CCR2
receptor. CCL2 can be produced by astrocytes, microglia, endothelial cells, and macrophages.
Interestingly, CCL2-deficient mice were markedly resistant to the induction of EAE, and
showed a significant reduction in macrophage recruitment into the CNS (59). Furthermore,
CCR?2 knockout mice did not develop clinical signs of the disease, and the upregulation of
both the CCL2 chemokine and CCR2 receptor in the CNS was associated with a relapse of
EAE (60-61).

[00124] Results also show that CCR1 knockout mice can develop an attenuated form of the
disease (62). Among CCRI ligands there are CCL3 (MIP1-a, macrophage inflammatory
protein-1), and CCL5 (RANTES, regulated upon activation, normal T cell expressed and

secreted), the chemokines which are expressed in the CNS lesions in EAE. It was found that
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treatment with anti-CCL3 antibodies inhibited EAE onset and reduced the accumulation of

mononuclear cells in the CNS (63).

[00125] As CXCL17/CXCRS axis is a major chemotactic determinant for
monocytes/macrophages, the treatment of MS should include a therapy to block either the
chemokine or the receptor-induced recruitment of these cells to the CNS. This blocking agent
(antagonist) in this example is a CXCL17 mutein that is capable of binding CXCRS but does
not signal. This is shown by its ability to block the calcium flux induced by CXCL17 in
CXCRS induced by native (non mutated) CXCL17. It is also shown that CXCL17 mutein
does not induce a calcium flux in the CXCRS transfectants. Mice receive the myelin basic
protein in adjuvant to induce an immune response against it and trigger experimental allergic
encephalomyelitis in the animals. A control group receives placebo and the experimental
group receives the CXCL17 mutein. The effect of the CXCL17 mutein is evaluated, e.g., by
following the progression of EAE in the mice receiving placebo or CXCL 17 mutein. The

administration of the mutein to the experimental mice reduces the progression of the EAE.

EXAMPLE 7:

[00126] Another use of embodiments of this invention is to identify compounds that either
antagonize the CXCL17/CXCRS interaction or mimic CXCL17 (are agonists of CXCRS). To
this end, it is possible to use technologies like the FLIPR described above to screen chemical
compound libraries for compounds that will block the ability of CXCL17 to induce a calcium
flux in CXCRS transfectants. In an alternate strategy, the CXCRS8 transfectants can be used to
identify compounds that induce calcium fluxes in these transfectants but not in corresponding

untransfected cells. The latter compounds would be agonists of CXCRS.

[00127] In another embodiment, the invention can also be used to identify antibodies that
block the CXCL17/CXCRS interaction. To this end, antibodies can be directed either against
the ligand (CXCL17) or against the receptor (CXCRS8). However we can predict that only a
subset of antibodies directed against these proteins will be able to block the ability of
CXCLI17 to signal through CXCRS. To identify these blocking antibodies, we can test them
for their ability to inhibit calcium fluxes induced by CXCL17 in CXCRS transfectants. To do
this we would place CXCRS transfectants with the antibodies to be tested, and then add
CXCL17 to induce a calcium flux that is detectable by various instruments (fluorimeter,

fluorescence activated cell sorter, etc). Those antibodies that inhibit calcium fluxes represent
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blocking antibodies (CXCL17/CXCRS antagonists). The antibodies can be produced from
immunized animals (mice, rats, hamsters, rabbits) with either CXCL17 or with CXCRS
transfectants. Once a titer is detected, the spleen can be used to either fuse to a myeloma cell
partner in order to produce hybridomas or a phage display library can be produced. Either
technique can lead to the identification of antibodies that bind either CXCL17 or CXCRS and
their ability to block signaling through CXCRS can be measured by inhibition of calcium

flux.
EXAMPLE ¥

[00128] Radioligand displacement studies of various chemotaxis receptors were carried
out. For the radioligand binding assay, membranes from HEK293T cells transiently
expressing the respective chemokine receptors were incubated with ~ 50 pmol '*’I-chemokine
and increasing concentrations of chemokine (control) or CXCL17. Cells were incubated for
3 h at 4°C and washed twice with binding buffer containing 0.5 M NaCl. After harvesting
the samples with lysis buffer, the remaining cell-bound radioactivity was counted. The
results in Figure 9 (Table 3) show that CXCL17 did not displace various ligands from their

respective receptors (n.d. = not detectable).

[00129] B-arrestin recruitment assay were carried out using PathHunter™ CCRS or CXCR2
expressing p-arrestin cells (DiscoveRx (Fremont, CA)) to monitor chemokine-induced B-
arrestin recruitment based on enzyme complementation. The results in Figure 10 (Table 4)

show that CXCL17 had no effect on the cells.
EXAMPLE 9

[00130] The expression of CXCR8 and CXCL17 in Salmonella-infected mice was
determined. Small intestines from wild type C57BL/6 mice infected with Salmonella were
collected at the end of the experiment (1 week). RNA was extracted from each intestine for
gene expression analysis by RT-qPCR. As shown in Figure 11, CXCRS8 and CXCL17
expression is elevated in Salmonella infected mice compared to mock infected mice. These
results indicate that the expression of both CXCRS8 and CXCL17 are induced in the intestine
upon inflammatory conditions, supporting a role for the CXCR8/CXCL17 in gut

inflammation.
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EXAMPLE 10

[00131] CXCRS levels were studied in a mouse model of ulcerative colitis. Dextran
Sodium Sulfate (DSS) was used to induce gut inflammation as a of model Ulcerative Colitis
(UC) in wild type (C57Bl/6) mice. After 7 days of treatment colons were collected from DSS
treated and mock treated mice for gene expression analysis. As shown in Figure 12,
expression of CXCRS is elevated in DSS treated mice compared to H20 treated mice. These
results support the role of the CXCR8/CXCL17 axis in the pathogenesis of inflammatory

diseases of the gut.
EXAMPLE 11

[00132] The chemotactic activity of CXCRE:CXCL17 was compared to that of
CCR2:CCL2, an established and well-characterized macrophage chemoattractant axis.
1x10"6 THP-1 cells were loaded into the top chamber of a transwell chemotaxis plate with
100ng of recombinant human chemokine loaded in the bottom chamber. After 20 hours
chemotaxis was measured by counting the cells that migrated into the bottom chamber.
Pertussis toxin (PTX) was used to inhibit the chemotactic response and confirm that it
involves G-protein signaling. Prostaglandin-E2 (PGE,) enhances chemotaxis to both
CXCL17 and CCL2. As shown in Figure 13, chemotaxis mediated by CXCR8:CXCL17 was
comparable to CCL2.

EXAMPLE 12

[00133] THP-1 cells were analyzed for their chemotactic response to recombinant human
CXCL17 using transwell migration assays. Cells were tested alone, after 24 pre-treatment
with Prostaglandin E2 (PGE2), pertussis toxin (PTX) or after treatment with glutaraldehyde.
PGE2 amplifies the responsiveness of THP-1 cells to CXCL17. PTX blocks signaling
through chemokine receptors (Gai G-Coupled Protein Receptors (GPCRs)), so THP-1 cells
are unable to chemotax in response to CXCL17. 0.05% glutaraldehyde was used to crosslink
all membrane proteins of the THP-1 cells, which abolished their chemotactic ability without
reducing cell viability. CCL2 was used as a positive control. 200ng/ml of chemokine was
used to induce chemotaxis. The results of crosslinking are shown in Figure 16. The results

indicate that mild crosslinking of membrane proteins eliminates chemotaxis to CXCL17.
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[00135] Although the present invention has been described in connection with the preferred
embodiments, it is to be understood that modifications and variations may be utilized without

departing from the principles and scope of the invention, as those skilled in the art will
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readily understand. Accordingly, such modifications may be practiced within the scope of the

invention and the following claims.
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CLAIMS

What is claimed is:

. A method of treating a subject for a disorder that correlates to increased chemokine (C-X-
C motif) receptor 8 (CXCRS) signaling, comprising disrupting the activation of receptor
CXCR8 by chemokine (C-X-C motif) ligand 17 (CXCL17) in the subject.

2. The method of claim 1, wherein the disrupting comprises administering to the subject a

substance that interferes with CXCL17 binding to CXCRS.

3. The method of any one of the preceding claims, wherein the disorder is a gastrointestinal,

respiratory, metabolic, infectious, or oncologic disorder.

4. The method of any one of the preceding claims, wherein the disorder is a lung, digestive

or reproductive system inflammatory disease.

5. The method of claim 4, wherein the inflammatory disease is Crohn’s disease (CD),
primary sclerosing cholangitis, ulcerative colitis, celiac disease, or irritable bowel syndrome
(IBS), an ulcer, ischemic colitis, radiation colitis, celiacs disease, bronchopulmonary
dysplasia, idiopathic pulmonary fibrosis, hypersensitivity pneumonitis, non-specific
interstitial pneumonia, chronic obstructive pulmonary disease, pneumonia, asthma,
bronchitis, emphysema, subclinical interstitial lung disease (subclinical ILD), cystic fibrosis,
sarcoidosis, endometriosis, leiomyomas, adenomyosis, bacterial vaginosis, or infections or

inflammation of the urethra.

6. The method of claim 1, wherein the substance is an antibody that binds to CXCL17 or
CXCRS, a polypeptide sequence variant of CXCL17, a non-peptide conjugation variant of
CXCL17, a small molecule that binds to CXCL17 or CXCRS, or an aptamer that binds to
CXCL17 or CXCRS.

7. The method of claim 1, wherein the disorder is a gastrointestinal, respiratory, metabolic,

infectious, or oncologic disorder, and the substance is an antagonist of CXCL17.
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8. The method of claim 7, wherein said antagonist is selected from:
a) an antibody, or a fragment thereof, which binds to CXCRS;
b) a CXCL17 variant; or

¢) asmall molecule compound.

9. The method of claim 7, wherein said gastrointestinal disorder which correlates to
increased CXCRS signaling is selected from the group consisting of:

a) Crohn’s disease (CD), ulcerative colitis, celiac disease, or irritable bowel
syndrome (IBS), ischemic colitis, radiation colitis, celiacs disease;

b) stomach cancer, pancreatic cancer, colorectal cancer, or hepatocellular
carcinoma, esophageal cancer, liver cancer, gallbladder cancer, biliary cancer, gastrointestinal
stromal tumors;

¢) autoimmune hepatitis, primary biliary cirrhosis, other (non autoimmune)
cirrhosis, primary sclerosing cholangitis, liver fibrosis; and

d) hepatitis C virus (HCV) mediated cirrhosis, and peptic ulcers caused by

Helicobacter pylori.

10. The method of claim 7, wherein said metabolic disorder which correlates to increased

CXCRS& signaling is diabetes type 1, or diabetes type 2.

1 1. The method of claim 7, wherein said oncology disorder is a leukemia or a lymphoma.

12. The method of claim 11, wherein said leukemia or lymphoma expresses CXCRS.

13. The method of claim 7, wherein said oncology disorder is glioblastoma or related brain

tumor.

14. The method of claim 7, wherein said respiratory system disorder which correlates to
increased CXCRS signaling is selected from the group consisting of:
a) lung cancer, including small or non-small cell lung cancer or mesothelioma
(malignant);
b) idiopathic pulmonary fibrosis, hypersensitivity pneumonitis, or non-specific

interstitial pneumonia;
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¢) arespiratory disease associated with interstitial lung disorders including
autoimmune discases like rheumatoid arthritis or scleroderma;

d) chronic obstructive pulmonary disease (COPD), bronchopulmonary dysplasia
(BPD), asthma; and

¢) another respiratory cancer.

15. The method of claim 14, wherein the another respiratory cancer is trachea cancer, cancer

of the larynx, cancer of the bronchus, or nasal/sinus cancer.

16. The method of claim 14, wherein said administering is:
a) topical, local, or systemic;
b) inhaled as an aerosol or mist; or

¢) in combination with another therapeutic.

17. A method of mediating elevated blood pressure in a subject, said method comprising

administering a suitable amount of a CXCRS agonist to mediate said blood pressure.

18. The method of claim 17, wherein said elevated blood pressure is hypertension.

19. The method of Claim 17, wherein said agonist is selected from the group consisting of:
a) recombinant human CXCL17;
b) a polypeptide variant of human CXCL17; and
¢) anon-peptide conjugation variant of CXCL17.

20. A method of treating or preventing atherosclerosis or multiple sclerosis, said method
comprising administering an effective amount of:

a) a CXCRS antagonist; or an inhibitor of CXCRS8 expression; or

b) a CXCL17 antagonist; or an inhibitor of CXCL17 expression.

21. The method of claim 20, wherein said CXCRS antagonist is selected from the group

consisting of:
a) an antibody that binds to CXCRSE or CXCRS variant;
b) a polypeptide sequence variant of CXCL17;
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¢) anon-peptide conjugation variant of CXCLI17;
d) asmall molecule antagonist candidate; and

¢) an aptamer.

22. The method of claim 20, wherein said inhibitor of CXCRS8 expression comprises an

RNAi, CRISPR, or TALEN compound.

23. The method of claim 20, wherein said CXCL 17 antagonist is selected from the group
consisting of:

a) an antibody that binds to CXCL17 or CXCL17 variant;

b) a polypeptide sequence variant of CXCL17;

¢) anon-peptide conjugation variant of CXCL17;

d) asmall molecule antagonist; and

¢) an aptamer.

24. The method of claim 20, wherein said inhibitor of CXCL17 expression comprises an

RNAi, CRISPR, or TALEN compound.

25. The method of claim 20, wherein the method is a method of treating or preventing

atherosclerosis.

26. The method of claim 20, wherein the method is a method of treating or preventing

multiple sclerosis.

27. A method that identifies CXCRS as a marker of cells involved in the pathogenesis of
human disease, wherein the disease is gastrointestinal, metabolic or respiratory disease, or

cancer.
28. The method of Claim 27, wherein said CXCRS is a biomarker of metastatic cells of

leukemias, lymphomas, stomach cancer, colorectal cancer or pancreatic cancer, or is a

biomarker of subclinical interstitial lung disease (subclinical ILD).
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29. The method of Claim 27, wherein said CXCRS is a biomarker of metastatic cells of lung

cancer including small or non-small cell lung cancer or malignant mesothelioma.

30. The method of Claim 27, wherein said CXCRS is a prognostic biomarker of cells that

infiltrate gastrointestinal or respiratory system cancers.

31. A method of screening for a substance that disrupts the association between receptor
CXCRS and ligand CXCL17, comprising

adding CXCL17 to a cell expressing CXCRS, and

measuring a reduction in CXCRS signaling in the cell in the presence of the

substance.

32. The method of claim 31, wherein the substance is an antibody that binds to CXCL17 or
CXCRS, a polypeptide sequence variant of CXCL17, a non-peptide conjugation variant of
CXCL17, a small molecule that binds to CXCL17 or CXCRS, or an aptamer that binds to
CXCL17 or CXCRS.

33. A method of screening for a substance that disrupts the association between receptor
CXCRS and ligand CXCL17, comprising

adding CXCL17 to CXCRS, and

measuring a reduction in CXCL17 binding to CXCRS in the presence of the

substance.

34. The method of claim 33, wherein the substance is an antibody that binds to CXCL17 or
CXCRS, a polypeptide sequence variant of CXCL17, a non-peptide conjugation variant of
CXCL17, a small molecule that binds to CXCL17 or CXCRS, or an aptamer that binds to
CXCL17 or CXCRS.

35. A method of inhibiting CXCL17 signaling through CXCRS, said method comprising
contacting:

a) CXCRS8 with a CXCL17 antagonist;

b) CXCL17 with a blocking agent; or

¢) the cell expressing CXCRS with a blocker of cell signaling.
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36. The method of Claim 35, wherein said CXCL17 antagonist is selected from the group
consisting of:
a) an antibody, or a fragment thereof, which binds to CXCRSE or CXCRS variant;
b) a CXCL17 variant; and

¢) asmall molecule compound.

37. The method of Claim 35, wherein said blocking agent is selected from the group
consisting of:

a) an antibody, or a fragment thereof, which binds to CXCL17 or CXCL17
variant;

b) a fragment of the CXCRS receptor; and

¢) asmall molecule compound.

38. The method of Claim 35, wherein said blocker of cell signaling is:
a) an RNAi, CRISPR, or TALEN compound of signaling pathway members;
b) an antibody which blocks signaling pathway; or

c¢) a small molecule blocker of signaling pathway.

39. A method of screening for said CXCL17 antagonist of Claim 35, wherein said screening
comprises a cell based assay comprising a fluorescent imaging plate reader (FLIPR) or

related detection.

40. The method of Claim 39, wherein said screening is of one or more compounds which
include:

a) antibodies binding to CXCL17 or CXCL17 variant;

b) polypeptide sequence variants of CXCL17;

¢) non-peptide conjugation variants of CXCL17;

d) small molecule antagonist candidates; or

¢) aptamer libraries.
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41. A method of screening for said blocking agent of Claim 35, wherein said screening
comprises an assay comprising a fluorescent imaging plate reader (FLIPR) or related

detection.

42. The method of Claim 41, wherein said screening is of one or more compounds which
include:

a) antibodies binding to CXCRS8 or CXCRS variant;

b) polypeptide sequence variants of CXCL17;

¢) non-peptide conjugation variants of CXCL17;

d) small molecule antagonist candidates; or

¢) aptamer libraries.

43. The method of Claim 41, wherein CXCRS transfectants of cell line Ba/F3 are used to

screen for agonists and antagonists of CXCR8/CXCL17 interaction.

44. A method of inhibiting CXCL17 signaling through CXCRS, said method comprising
reducing CXCRS receptor using an RNAi, CRISPR, or TALEN compound which inhibits
expression of CXCRS.

45. A method of inhibiting CXCL17 signaling through CXCRS, said method comprising
reducing CXCL17 using an RNAi, CRISPR, or TALEN compound which inhibits expression

of CXCL17.

46. A method of inducing CXCRS signaling, said method comprising contacting said

receptor with its cognate ligand.

47. The method of Claim 46, wherein said cognate ligand is CXCL17 or an agonist thereof.

48. The method of Claim 47, wherein said agonist is a polypeptide sequence variant of

CXCL17 or a non-peptide conjugation variant of CXCLI17.
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49. A method of isolating CXCRS8-expressing cells, comprising mixing an anti-CXCRS
antibody with a peripheral blood mononuclear cell preparation, and separating CXCRS

positive cells bound by the antibody.

50. The method of claim 49, wherein the anti-CXCRS antibody is a monoclonal antibody,

neutralizing antibody, or humanized antibody, or combination thereof.

51. The method of claim 49, wherein the separating is by fluorescence-activated cell sorting.

52. The method of claim 49, wherein the separating is by magnetic bead isolation.

53. Aligand of CXCRS, wherein said ligand binds selectively to the CXCRS receptor.

54. The ligand of claim 53, wherein said ligand:

a) signals through said receptor;

b) signals less than 90% of human CXCL17;

¢) is an inverse agonist of CXCRS;

d) is an allosteric modulator of CXCRS;

¢) is a polypeptide sequence variant of human CXCL17;

f) comprises a segment of at least 17 amino acids exhibiting at least 97% identity
to human CXCL17; or

g) binds to primate CXCRS receptor.

55. The ligand of claim 53, wherein said ligand:
a) 1s in a sterile composition;
b) is formulated for systemic administration;
¢) isin a therapeutic composition;
d) isin a single dose container; or

¢) is a polypeptide sequence variant of human CXCL17.

56. An antibody which binds selectively to the ligand of Claim 53 and:
a) blocks binding to said CXCRS receptor; or
b) blocks signaling by the CXCRS receptor.

57. A receptor for human CXCL17, wherein said receptor is CXCRS.
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58. The receptor of Claim 57, wherein said receptor:

a) further signals upon binding of said human CXCL17;

b) signals at least 80% of signal upon binding of CXCL17 compared to human
CXCRSE;

¢) has at least 95% identity to human CXCRS; or

d) binds to primate CXCL17.

59. A vaccine comprising a CXCL17 agonist or a positive allosteric modulator of CXCRS.

60. The vaccine of claim 59, directed to antigens in human vaccines or non-human vaccines.

61. The vaccine of claim 60, wherein the vaccine is a hepatitis B, human papilloma virus,

DPT, other human vaccine.

62. The vaccine of Claim 59, wherein the vaccine is a vaccine for tumor associated antigens,

disperse leukemias or lymphomas.

63. The vaccine of claim 62, wherein the tumor is from lung, pancreatic, colorectal, prostate,

breast, hepatocellular carcinoma, soft tissue sarcoma, or glioblastoma.

64. A method comprising administering the vaccine of claim 59 to a subject in need thereof.
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Table 1. Highly GPR35-expressing tissues/cells in the human body

Tissue/cell type Average intensity (mean)
1 Resting monocytes 267.73
2 Peripheral blood mononuclear cells (PBMCs) 220.78
3 Resting dendritic cells (DCs) 183.73
4 Activated monocytes (LPS+IFNvy/30h) 175.62
5 Small intestine 169.32
6 Activated PBMCs (PMA+ionomycgin) 149.96
7 Colon 142.77
8 Activated DCs (+LPS) 142.39
9 Stomach 136.58
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Table 2. GPCRs expressed by human monocytes
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Average Intensity
Gene Symbol Class (Mean)
in Resting Monocytes
GPR108 Orphan 364.47
GPR183 Orphan 287.35
GPR84 Orphan 273.04
GPR35 Orphan 267.73
CMKLR1 Orphan 243.33
GPR153 Orphan 240.98
GPR157 Orphan 192.50
CCRL2 Orphan 185.65
GPR34 Orphan 177.72
GPR137B Orphan 177.06
GPR175 Orphan 169.52
GPR62 Orphan 159.57
GPR107 Orphan 151.66
GPR156 Orphan 147.43
XPR1 Orphan 138.07
GPR21 Orphan 130.17
GPR176 Orphan 125.82
GPR160 Orphan 116.80
GPR3 Orphan 108.16
GPR162 Orphan 104.35
OR111 Olfactory 159.62
OR1F1 Olfactory 134.95
OR10J1 Olfactory 119.15
OR1J2 Olfactory 116.87
OR7C2 Olfactory 114.02
OR8B8 Olfactory 107.88
OR2C1 Olfactory 107.54
OR7A5 Olfactory 107.29
OR51B2 Olfactory 103.85
OR5111 Qlfactory 100.40
TAS2R38 Taste 126.68
GABBR2 Known 125.11
GPR56 Known 108.65
GPR65 Known 106.07
CXCR4 Known 3210.74
FPRL2 Known 2449.76
CCR1 Known 1246.12
CCR5 Known 1157.31
C5R1 Known 1117.17
FPR1 Known 876.23
PTAFR Known 634.96
ADRBK1 Known 619.19
CCR2 Known 598.94

FIG. 8A
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C3AR1 Known 509.33
P2RY5 Known 440.20
OXER1 Known 365.53
GPR68 Known 314.31
UTS2R Known 308.27
CCR7 Known 261.49
HTR4 Known 237.09
ADORA3 Known 224.80
PTGIR Known 204.83
GLP1R Known 204.12
CD97 Known 198.08
TBXA2R Known 193.81
EMR?2 Known 181.16
S1PR?2 Known 179.19
P2RY6 Known 169.74
PTGER1 Known 167.18
VIPR2 Known 165.34
HRH3 Known 165.25
OPN3 Known 163.41
GRPR Known 161.94
AVPR1B Known 155.81
ADRBK?2 Known 152.63
F2R Known 150.06
GALR3 Known 149.91
MC2R Known 147.37
NMUR?2 Known 142.90
LPHN1 Known 139.66
EDG6 Known 135.19
EDG4 Known 131.29
ILEBRA Known 130.79
P2RYS8 Known 127.08
FZD2 Known 124.49
DRD? Known 123.47
LTB4R Known 122.45
GABBR1 Known 119.95
EDNRB Known 116.16
EDG?2 Known 114.49
VIPR1 Known 114.24
FZD4 Known 113.65
CCKAR Known 111.30
GRM?2 Known 110.03
CNR2 Known 109.24
PTGER4 Known 107.87
TACRZ2 Known 107.66
GRM4 Known 107.45
P2RY11 Known 104.74
HRH2 Known 102.60
GPBAR1 Known 102.50
FZD1 Known 101.17

FIG. 8B
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Table 3. Radioligand displacement studies chemokine receptors

Receptor Displacer chemokine pKi
CXCR3 25_.cxXCcL10 CXCL11 10.4 + 0.1
CXCL17 n.d
CXCR4 25_CXCL12 CXCL12 9.5+ 0.1
CXCL17 n.d.
CXCR7 2. cXCcL12 CXCL12 9.6+ 0.1
CXCL17 n.d
CCR2 25.CCL2 CCL2 9.6+0.2
CXCL17 n.d

Table 4. Chemokine-induced

-arrestin recruitment

Receptor agonist pPECso

CXCR2 CXCL8 8.5+£0.3
CXCL17 no effect

CCR5 CCL5 10.6 £ 0.1
CXCL17 no effect
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