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USES OF CXCL17, A NOVEL CHEMOKINE MARKER OF HUMAN LUNG AND
GASTROINTESTINAL DISEASE

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0001]  This invention was made with Government support under Grant No.
1IROT1AI093548-01A1 from the National Institute of Allergy and Infectious Discases/National

Institutes of Health. The Government has certain rights in this invention.

REFERENCE TO SEQUENCE LISTING

[0002]  This application contains an electronic form of a sequence listing. The contents of

the sequence listing are incorporated herein by reference.

BACKGROUND
FIELD OF THE INVENTION

[0003]  The invention relates to methods and compositions for treating and diagnosing

disorders involving the chemotactic protein CXCL17.

RELATED ART

[0004] The immune system is a complex network of cells that come together to defend the
body from invading pathogens. These cells are dispersed throughout the body, yet must
interact and communicate across these relatively large distances. To accomplish this, the
cells communicate via soluble mediators called cytokines. Cytokines can induce the
proliferation and differentiation of immune cells to establish effective immune responses. A
subset of these secreted mediators are capable of inducing the chemotaxis of immune cells

that express their cognate receptor. These chemotactic cytokines are called chemokines.

[0005] The human chemokine superfamily is comprised of 48 ligands and 19 known
receptors [1,2]. Chemokine ligands have been divided into four subclasses based on the
distribution of the four characteristic cysteine molecules within the protein: CC, CXC, C and

CX3C [1,2]. Most of the chemokine ligands belong to the CC and CXC subclasses.

[0006] Chemokines are secreted in large amounts by cells so the soluble ligands can form
a gradient to attract their target cells. If cells express the cognate receptor they will be able to

sense the gradient and respond by migrating to the site of highest ligand concentration. All



WO 2013/166470 PCT/US2013/039586

known chemokine receptors are G-Coupled Protein Receptors (GPCRs), which represent a
large family of receptors whose primary function is to sense extracellular molecules and
subsequently activate intracellular signal transduction pathways. Upon binding its
appropriate ligand, the chemokine receptor GPCR activates the intracellular G protein, which

begins the signaling cascade that eventually leads to chemotaxis of the cell [3-11].

[0007] Chemokines can be classified as either inflammatory or homeostatic based on their
expression pattern. As their name suggests, inflammatory chemokines are produced when
inflammatory stimuli are present, and therefore are important players in the development of
immune responses [1,2]. A hallmark of these chemokines is the redundancy in the number of
ligands that bind a single receptor [1,2]. It has been suggested that this redundancy allows for
a stronger immune response; a wider range of cell types can be attracted by a larger number
of ligands. The inflammatory chemokines have a lower level of conservation between
species, which is likely a reflection of the fact that this class of chemokines is shaped by the
infectious experience of a species [1]. For example, the inflammatory chemokine that

recruits neutrophils, CXCLS, is present in humans but not in mice [2].

[0008] Conversely, homeostatic chemokines are conserved at a much higher rate between
species. This class of chemokines is constitutively expressed and their expression either
remains unchanged or decreases in the presence of inflammatory stimuli [1]. These ligands
demonstrate higher receptor fidelity and attract cells critical in important cellular processes,
including development and proper T:B cell interactions [12,13]. The high conservation rate

of homeostatic chemokines reflects their importance, from an evolutionary perspective [12].

SUMMARY

[0009] In one aspect, a method of treating a disease associated with increased levels of
chemokine CXCL17 is provided. The method includes administering to a subject in need of
such treatment a therapeutically effective amount of a substance that lowers the level of
CXCL17 activity. The substance that lowers the level of CXCL17 activity can be an anti-
CXCL17 antibody, which can be a monoclonal antibody. In other embodiments, the
substance can be an antisense compound targeting CXCL17, which can be an antisense

oligonucleotide or an siRNA.

[0010]  The disease can be an inflammatory disease or cancer. The inflammatory disease
can be a disease of the lung, such as, but not limited to, chronic obstructive pulmonary
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disease (COPD), asthma, idiopathic pulmonary fibrosis, hypersensitivity pneumonitis, or
non-specific interstitial pneumonia. Alternatively, the inflammatory disease can be a discase
of the gut, such as but not limited to Celiac disease, Crohn’s disease, ulcerative colitis, ulcers
caused by Helicobacter pylori infection, irritable bowel syndrome, or rectal prolapse. The
cancer can be small and non-small cell lung cancer, head and neck cancer, stomach cancer,

colorectal cancer, pancreatic cancer, or hepatocellular carcinoma.

[0011] In another aspect, a method of treating a tumor in a subject in need of such
treatment is provided. The method includes administering chemokine CXCL17 to the subject
in an amount effective to increase macrophage numbers in the tumor. The tumor can be, but
is not limited to, a colorectal, hepatocellular, pancreatic, glioblastoma, melanoma, soft tissue
sarcoma, lymphoma, lung, breast carcinoma, prostate, bladder, head and neck, or ovarian
tumor. Anti-tumor effects of administering the chemokine include, for example, tumor cell
death, inhibition of tumor cell growth, inhibition of metastasis, decreased tumor size, and

reversed or reduced malignant phenotype of tumor cells, or any combination thereof.

[0012]  In a further aspect, a method of diagnosing a disease associated with increased
levels of chemokine CXCL17 is provided. The method includes measuring the level of
CXCL17 in a biological sample from a subject at risk for having the disease, and determining
that the subject has the disease when the measured level is greater than a control level. The
biological sample can be a biological fluid or a biological tissue. The control level can be an
average or mean value of CXCL17 levels from a control population of one or more subjects
without the disease. The disease can be an inflammatory disease or cancer. The
inflammatory disease can be a disease of the lung, such as but not limited to chronic
obstructive pulmonary disecase (COPD), asthma, idiopathic pulmonary fibrosis,
hypersensitivity pneumonitis, or non-specific interstitial pneumonia. Alternatively, the
inflammatory disease can be a disease of the gut, such as but not limited to Celiac disease,
Crohn’s disease, ulcerative colitis, ulcers caused by Helicobacter pylori infection, irritable
bowel syndrome, or rectal prolapse. The cancer can be small and non-small cell lung cancer,
head and neck cancer, stomach cancer, colorectal cancer, pancreatic cancer, or hepatocellular

carcinoma.

[0013]  The subject in any of the methods can be a human or an animal. Animal subjects

include, but is not limited to, mouse, rat, hamster, gerbil or guinea pig.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014]  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:

[0015]  Figure 1 is a chart showing microarray data indicating that CXCL17 is a mucosal
chemokine. (A) Mean expression values (y axis) from microarray data for 105 normal human
tissues from the BIGE (Body Index of Gene Expression) database. Data are displayed across
the x-axis grouped in organ systems. Y axis is the mean expression values. Highlighted
organ systems, which have the highest expression of CXCL17, are: DS, digestive system; RS,
respiratory system; RT, reproductive tract. The values for the tissues with the highest

expression of CXCL17 are shown in Table 1,

[0016]  Figure 2 is a drawing of Table 1 showing that the expression of CXCL17 is
restricted to human mucosal tissues. Shown are the tissues with the highest average signal
intensity values of the probeset corresponding to CXCL17 (226960 _at) from the BIGE
database that includes 105 different human tissues and cells. A graphic representation of
these data is shown in Figure 1. The highest expression of CXCL17 in the BIGE human gene
expression database corresponds to mucosal tissues. The mean intensity signal is the

averaged microarray signal from the replicates for each tissue included in the BIGE database.

[0017]  Figure 3 is a tissue section image showing that CXCL17 is expressed in the human

lingual epithelium. Bar indicates 40 microns.

[0018]  Figure 4 is a tissue section image showing that CXCL17 is expressed in the human

small intestine, in the epithelial cells that line the lumen of the intestine.

[0019]  Figure 5 is a tissue section image showing that CXCL17 is expressed in the cells
that line the bronchoaveolar space. Bronchial wall 40X shows positive CXCL17 staining with
heterogenecous intensity in the bronchial pseudostratified epithelium and in the mucous
producing cells. There is also CXCL17 staining in endothelium and some macrophages and

plasma cells.

[0020]  Figure 6 is a chart showing that CXCL17 is expressed in Hypersensitivity

Pneumonitis and in Idiopathic Pulmonary fibrosis Bronchoalveolar lavage fluids. CXCL17
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levels were detected by ELISA on bronchoalveolar lavage fluids of patients with these

conditions.

[0021]  Figure 7A-7H is a panel of flow cytometry plots showing that intraperitoneal
injection of recombinant CXCL17 increases recruitment of macrophages 48 hours post
injection. After injecting rmCxcl17 into the peritoneal cavities of three mice, a small but
significant increase in macrophages (M), but not dendritic cells (DCs) was observed (F-H.)
compared to mice injected with PBS vehicle (C-E.). The specific cell populations were
determined by staining the cells with cell specific antibodies (F4/80, macrophages; CDllc,
DCs; Gr-1, granulocytes). Unstained cells are also shown (A-B).

[0022]  Figure 8A-8D is a panel of flow cytometry plots showing that Cxcl17 (-/-) mice
have a decreased percentage of F4/80'CDIIb™E" cells in the lungs compared to wild type
(WT) mice. Cells collected from lungs of WT and Cxcl17 (-/-) mice were stained with
fluorophore conjugated antibodies for analysis by flow cytometry. When the macrophage
population (F4/80" CDIIL™e" cells) (B-D.) was analyzed, a significant decrease in the
percentage of macrophages in Cxcl17 (-/-) lungs compared to WT mouse lungs was observed.

Plots A-D are representative FACS plots from two separate experiments with n=5 per group.

[0023]  Figure 9 is a graph showing that Cxcl17(-/-) mice have decreased numbers of
macrophages in the lungs compared to WT mice. The graph shows numbers of
F4/80+CD11b+ cells recovered from lungs of WT or Cxcl17(-/-) mice. The latter mice have

significantly less cells that express these markers, which characterize lung macrophages.

[0024]  Figure 10 is an Alignment of CXCL17 with other chemokines (mature peptides).
Amino acid sequences of CCL28 (SEQ ID NO:1), CXCLS8 (SEQ ID NO:2), CXCL12 (SEQ
ID NO:3), CXCL14 (SEQ ID NO:4) AND CXCL17 (SEQ ID NO:5) are shown.

DETAILED DESCRIPTION
[0025] The following is incorporated by reference herein: U.S. Provisional Patent

Application No. 61/642,209, filed on May 3, 2012.

[0026] In one aspect, a method of treating a disease associated with increased levels of

chemokine CXCL17 is provided. The method includes administering to a subject in need of
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such treatment a therapeutically effective amount of a substance that lowers the level of

CXCL17 activity in the subject.

[0027]  In the method, a therapeutically effective amount is an amount that promotes or
enhances the well-being of the subject with respect to the medical treatment of his/her
condition. For example, extension of the subject's life by any period of time, a decrease in
pain to the subject that can be attributed to the subject's condition, a decrease in the severity
of the disease, an increase in the therapeutic effect of a therapeutic agent, an improvement in
the prognosis of the condition or disease, a decrease in the amount or frequency of
administration of a therapeutic agent, an alteration in the treatment regimen of the subject that
reduces invasiveness of treatment, and a decrease in the severity or frequency of side effects
from a therapeutic agent. With respect to the treatment of cancer, therapeutic benefits also
include a decrease or delay in the neoplastic development of the disease, decrease in
hyperproliferation, reduction in tumor growth, delay of metastases, and reduction in cancer
cell or tumor cell proliferation rate. The amount of active substance to be administered to the
subject varies according to the weight of the subject, the mode of administration, and the
indication and the severity of the disease, from which a skilled practitioner can determine a

suitable dose.

[0028] In some embodiments, the substance that lowers CXCL17 activity levels in a
subject is an anti-CXCL17 antibody. An anti-CXCL17 antibody is an antibody directed
against CXCL17 that specifically binds to, or recognizes, the chemokine CXCL17. An anti-
CXCL17 antibody can block or inhibit CXCL17 activity, thus lowering the overall level of
CXCL17 activity in the subject’s tissue or organ.

[0029]  Asused herein, an antibody can be any immunologic binding agent such as IgG,
IgM, IgA, IgD and IgE. An antibody can also be any antibody-like molecule that has an
antigen binding region, and includes antibody fragments such as Fab’, Fab, F(ab’) ,, single
domain antibodies (DABs), Fv, scFv (single chain Fv), and the like. Techniques for
preparing and using various antibody-based constructs and fragments are well known in the
art. Means for preparing and characterizing antibodies are also well known in the art (See,
for example, Harlow and Lane, “Antibodies: A Laboratory Manual,” Cold Spring Harbor
Laboratory, 1988 [45]). Monoclonal antibodies (mAbs) are recognized to have certain
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advantages, e.g., reproducibility and large-scale production. Thus, monoclonal antibodies of

the human, murine, monkey, rat, hamster, rabbit and even chicken origin, are contemplated.

[0030]  Polyclonal antibodies against CXCL17 can be prepared in a wide range of animal
species. Typically, the animal used for production of antisera is a rabbit, a mouse, a rat, a
hamster, a guinea pig or a goat. To increase immunogenicity, use of adjuvants and
conjugation to a carrier protein such as, but not limited to, keyhole limpet hemocyanin or

bovine serum albumin are well known procedures.

[0031] A monoclonal antibody can be readily prepared through use of well-known
techniques, such as those exemplified in U.S. Pat. No. 4,196,265, incorporated herein by
reference [49-53]. Typically, this technique involves immunizing a suitable animal with a
selected immunogen composition, ¢.g., a purified or partially purified polypeptide, peptide or
domain. The immunizing composition is administered in a manner effective to stimulate

antibody producing cells [54-56].

[0032] A polyclonal or monoclonal antibody can be further purified, if desired, using
filtration, centrifugation and various chromatographic methods such as HPLC or affinity

chromatography [56].

[0033] Humanized monoclonal antibodies are antibodies of animal origin that have been
modified using genetic engineering techniques to replace constant region and/or variable
region framework sequences with human sequences, while retaining the original antigen
specificity. Such antibodies are commonly derived from rodent antibodies with specificity
against human antigens. Such antibodies are generally useful for in vivo therapeutic
applications. This strategy reduces the host response to the foreign antibody and allows
selection of the human effector functions. Thus, humanized antibodies against CXCL17 are
included in some embodiments of the invention, as are chimeric antibodies from mouse, rat,
or other species, bearing human constant and/or variable region domains, bispecific
antibodies, recombinant and engineered antibodies and fragments thereof. The techniques for
producing humanized immunoglobulins are well known to those of skill in the art [53, 56-
60]. For example U.S. Pat. No. 5,693,762 discloses methods for producing, and
compositions of, humanized immunoglobulins having one or more complementarity
determining regions (CDR's). When combined into an intact antibody, the humanized

immunoglobulins are substantially non-immunogenic in humans and retain substantially the
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same affinity as the donor immunoglobulin to the antigen, such as a protein or other
compound containing an epitope. Examples of other teachings in this area include U.S. Pat.
Nos. 6,054,297, 5,861,155; and 6,020,192, all specifically incorporated by reference.
Methods for the development of antibodies that are “custom-tailored” to the patient's disease

are likewise known and such custom-tailored antibodies are also contemplated.

[0034]  An anti-CXCL17 antibody can block or inhibit the chemotactic activity of
CXCL17. The use of antibodies to inhibit the chemotactic activity of chemokines is widely
demonstrated. For example, antibodies against chemokine CCL2 or CCLS5 have been shown
to inhibit chemotactic activity [61]. The ability of an anti-CXCL17 antibody to inhibit
CXCL17 chemotactic activity can be determined by a transwell chemotaxis assay. This assay
can be used to test the effectiveness of neutralizing antibodies against CXCL17. Briefly, the
antibodies can be incubated with recombinant CXCL17 (rCXCL17) for 60 minutes prior to
the start of the assay. The antibody/rCXCL17 solution can then be loaded into the bottom
chamber of the transwell. Cells (primary or cell line) that have been previously shown to
respond to rCXCL17 can be loaded into the top chamber of the transwell insert. Following
incubation for several hours at 37 °C, chemotaxis can be observed (via light microscopy) and
the number of responding (chemotaxed) cells can be quantified via flow cytometry. The

wells containing neutralizing antibodies will contain significantly fewer chemotaxed cells.

[0035] In some embodiments, the substance that lowers CXCL17 activity levels is an
antisense compound targeting CXCL17. An antisense compound is an oligomeric or
polymeric compound that can hybridize to a nucleic acid target via hydrogen bonding. One
type of antisense compound is an antisense oligonucleotide. Another type of antisense

compound is an siRNA.

[0036]  Asused herein, an antisense oligonucleotide is an oligomer or polymer of
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) that can include naturally occurring
nucleotides and/or modified or substituted oligonucleotides. In various embodiments, an
antisense oligonucleotide includes a nucleotide sequence that hybridizes to the CXCL17
target sequence, and can include additional 5’ and/or 3’ flanking sequences, for example, for
use as a primer binding site. In some embodiments, the antisense oligonucleotide can
include madified sligonucleotide backbones such as, but not limited to, phosphorothioates,

chiral phosphorothioates, phosphorodithioates, phosphotricsters, arainoalkviphosphotrieaters,
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methyl and other alkyl phosphonates {e.g., 3-alkylene phosphonates and chiral
phosphonates), phosphinates, phosphorammdaies (e.g., 3-amine phosphoramdaie and
amingalkyiphosphoramidates), thionophosphoramidates, thionoalkylphosphonates,
thionoalky! phosphotriesiers, and boranophosphates haviog norreal 3-5" Hukages, as well as
275" inked analogs of these, and those having inverted polarity wherein the adiacent pairs of
rucionside units are binked 3'-5"t0 3-37 or 27-5" 10 5727, Various salts, muxed salis and free
acid forms are also included. References that teach the preparation of such modified
backbone oligonucicotides are provided, for exaraple, in U158, Pat. Nos. 4,469,563 and
3,750,600, all incorporated by reference herein, The design and synthesis of antisense
oligonucleotides is well known in the art [62]. Computer programs for the design of

antisense oligonucleotide sequences are also available [63].

[0037]  Asused here, siRNA is a small inhibitory RNA duplex for use in RNA interference
(RNAi) methods. RNAI is a naturally occurring gene-silencing process in which double-
stranded RNA is cleaved to smaller double-stranded segments (siRNA), which then associate
with a protein-RNA complex (called “RISC”) leading to cleavage of target mRNA [64]. In
various embodiments, an siRNA can be 18-30 base pairs in size with varying degrees of
complementarity to its target CXCL17 mRNA. In some embodiments, the siRNA can
include unpaired bases at the 5” and/or 3° end of either or both the sense strand and antisense
strand. The siRNA in some embodiments can be a duplex of two separate strands, or a
single strand that forms a hairpin structure to form a duplex region. The design and synthesis
of siRNAs is well known in the art [65]. Computer programs for the design of sSiRNAs are
also available [66].

[0038] In another aspect, a method of treating a tumor in a subject in need of such
treatment is provided. The method includes administering chemokine CXCL17 to the subject
in an amount effective to increase macrophage numbers in the tumor. The inventors have
found that CXCL17 is a chemotactic molecule for macrophages. Because macrophages play
roles in immune and inflammatory responses, an increase in macrophages would lead to anti-
tumor responses and other beneficial effects in the subject. In the method, CXCL17 can be
obtained either commercially (for example, from J(R&D Systems, Minneapolis, Minnesota,
USA; or BioLegend, San Diego, California, USA) or can be prepared by expressing it in
bacteria (E. coli) [39,40]. In some embodiments, the chemokine can be administered by

direct injection into the tumor.
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[0039] In a further aspect, a method of diagnosing a disease associated with increased
levels of chemokine CXCL17 is provided. The method includes measuring the level of
CXCL17 in a biological sample from a subject at risk for having the disease, and determining
that the subject has the disease when the measured level is greater than a control level. The
biological sample can be a biological fluid, a biological tissue, or a combination thercof. The
biological fluid can be, but is not limited to, urine, feces, a bronchoalveolar lavage fluid,
saliva, semen, vaginal fluid, or breast milk. The biological tissue can be, but is not limited
to, lung, a tissue of the gastrointestinal tract, tongue, oral mucosa, vaginal or cervical tissue.
Diagnosis of the disease is indicated when an increase in CXCL17 levels over control levels

is at least two-fold and with a statistical significance of at least P<0.05.

[0040] The level of CXCL17 can be measure at the nucleic acid or protein level. For
example, the amount of CXCL17 mRNA expressed in a cell can be measured, or the amount
of CXCL17 protein present in a bronchoalveolar lavage fluid can be measured. Quantitation
of mRNA can be performed using methods such as, but not limited to, PCR, microarray
technologies, or Northern blots [46,47]. Quantitation of protein can be performed using
immunodetection methods such as, but not limited to, enzyme linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), immunoradiometric assay, fluoroimmunoassay,
chemiluminescent assay, bioluminescent assay, or Western blotting, FACS with anti-protein
specific antibodies (for production by cells). In cases where RNA and protein levels are
poorly correlated, CXCL17 protein measurement is envisioned. The control level can be an
average or mean value of CXCL17 levels from a control population of one or more subjects
without the disease. In some embodiments, a diagnosis that the subject has the disease can be
followed by a treatment such as those described herein. For example, the diagnosis can be
followed by a treatment that involves administering a steroid compound to a subject
diagnosed with hypersensitivity pneumonitis, or by administering to a subject a

therapeutically effective amount of a substance that lowers CXCL17 activity levels.

[0041]  For the purposes of administration, the protein and nucleic acid compounds of the
present invention may be formulated as pharmaceutical compositions. The compound can be
present in the composition in an amount which is effective to treat a particular disorder of
interest, and preferably with acceptable toxicity to the patient. A pharmaceutical composition
of the present invention can also contain a pharmaceutically acceptable carrier. The carrier

can be any and all solvents, dispersion media, vehicles, coatings, diluents, antibacterial and

10



WO 2013/166470 PCT/US2013/039586

antifungal agents, isotonic and absorption delaying agents, buffers, carrier solutions,
suspensions, colloids, and the like. The use of such media and agents for pharmaceutical
active substances is well known in the art. Supplementary active ingredients can also be
incorporated into the compositions. The amount of the compound administered will be
dependent on the subject being treated, the subject's weight, the manner of administration and
the judgment of the prescribing physician. Formulations can be prepared in an appropriate
manner, and in accordance with accepted practices, by reference to procedures such as those
disclosed in Remington's Pharmaceutical Sciences, Gennaro, Ed., Mack Publishing Co.,

Easton, Pa. 1990.

[0042]  The route of administration can be oral, sublingual, buccal, nasal, inhalation,
parenteral (including intraperitoneal, intraorgan, subcutaneous, intradermal, intramuscular,
intra-articular, venous (central, hepatic or peripheral), lymphatic, cardiac, or arterial, or a
combination thereof. Depending on the intended mode of administration, the pharmaceutical
compositions may be in the form of solid, semi-solid or liquid dosage forms, such as, for
example, tablets, suppositories, pills, capsules, powders, liquids, suspensions, ointments or
lotions, preferably in unit dosage form suitable for single administration of a precise dosage.
Intratumoral injection, or injection into the tumor vasculature is specifically contemplated for
discrete, solid, accessible tumors. Local, regional or systemic administration also may be
appropriate. For tumors of >4 c¢m, the volume to be administered can be about 4-10 ml, while

for tumors of <4 c¢cm, a volume of about 1-3 ml can be used.

[0043] For in vivo administration of nucleic acid compounds, the nucleic acid can be
administered as a free (or “naked”) nucleic acid, or can be formulated with a delivery agent
that increases delivery of the nucleic acid to a cellular target. Examples of delivery agents
include, but are not limited to, liposomes, cationic lipids, PEGylated polycations, cationic

block copolymers, and polyethyleneamine complexes [48].

[0044] CXCL17 was the final chemokine to be discovered [1,14]. Using protein threading
techniques, CXCL17 was found to have a chemokine-like structure based on its structural
similarity to CXCLS8 and CXCL14 [14]. CXCL17 has 6 cysteines, including the 4 classic
cysteines that anchor two disulfide bonds in the protein that are the hallmark of most other
chemokines. In addition, CXCL17 has a glutamic acid between the first two cysteines, a

factor that identified CXCL17 as a member of the CXC subfamily of chemokines. Several

11
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subsequent studies have shown a correlation of CXCL17 in cancer models, including
hepatocellular carcinoma (HCC) and intraductal papillary mucinous neoplasm (IPMN) [15-
17].

[0045] The amino acid sequence of CXCL17 shows 71% similarity to the mouse ortholog.
It exhibits a CXCLS8-like fold. The first 3 cysteines align with 3 cysteines in CXCLS, a
reflection of the CXCLS8-like fold of the protein. The CXCL17 structure has been compared
to that of CCL5 and CCL4, both members of the CXCL-8 like fold family. 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: NM 198477 (NCBI Reference
Sequence Database); protein sequence: UniProtKB:Q6UXB2 (UniProt Knowledgebase). A
protein sequence alignment of CXCL17 compared to chemokines CCL28, CXCL8, CXCL12,
and CXCL14 is shown in Figure 10.

[0046] The inventors’ studies represent the most in-depth characterization of CXCL17’s
functional chemotactic role in the immune system during both normal and disecased states.
The inventors initially identified CXCL17 as an important mucosal chemokine by analyzing
its expression in a comprehensive human gene expression database, called the Body Index of
Gene Expression (BIGE). In this screen, we analyzed the expression of all 48 human
chemokine ligands searching for those highly and specifically expressed in mucosal tissues.
From this screen, three robustly and specifically expressed mucosal chemokines were
identified: CCL28, CXCL14 and CXCL17. Both CCL28 and CXCL14 have been
extensively studied and characterized for their chemotactic activities and their roles in human
diseases. Furthermore, CCL28 had already been identified as a mucosal chemokine.
Conversely, only three papers described CXC17 in the literature at the onset of the inventors’
studies. Its expression pattern in the BIGE database indicated that CXCL17 was strongly
and specifically expressed in the tissues of the gut and lung, with its highest sites of
expression in the trachea, bronchus, and stomach. This pattern indicated that CXCL17 is an

important mucosal chemokine of the digestive and respiratory systems.

[0047]  The microarray expression data was confirmed using both quantitative real-time

PCR (Q-PCR) and immunohistochemical (IHC) staining of normal human mucosal tissues.
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These experiments confirmed and expanded the observations from the BIGE database

(microarray data).

[0048]  Previous publications indicated that CXCL17 is structurally related to CCL28 and
CXCL14 [1,14], two chemokines that have been shown to have antimicrobial activity [18-
20]. Interestingly, the inventors found that CXCL17 has significant antimicrobial activity
against a wide panel of microorganisms, indicating that this chemokine participates in
shaping the microbiome of mucosal sites [21]. CXCL17 mediates this activity via direct
disruption of the bacterial membranes [21]. These observations indicate that CXCL17 levels
can influence the onset or progression of gut or lung diseases mediated by microorganisms

such as ulcers triggered by infection with Helicobacter pylori [22].

[0049] Chemotaxis assays were performed to determine which immune system cells
specifically respond to CXCL17. These assays were performed both in vitro and in vivo.
The in vitro assays utilized transwell chemotaxis assays to test both primary murine cells and
cell lines for their chemotactic response to recombinant CXCL17. The results indicate that
monocytic cell lines (monocytes, macrophages, dendritic cells) gave the chemotax in
response to CXCL17. This chemotactic response is augmented by pretreatment of the cells
with prostaglandin E-2 (PGE-2). Additionally, Pertussis toxin (PTX) treatment of these
responding cell lines successfully abrogated chemotaxis, indicating that CXCL17 mediates
chemotaxis through a class A GPCR that signals through Gai, like other known chemokine
receptors [7,8,23]. Further experiments of in vivo chemotaxis assays were performed by
administering mice intraperitoneal injections of either CXCL17 or PBS (control saline
solution) and then collecting and analyzing the cells recruited to the peritoneal cavity. The
specific cell types recruited were determined by staining with cell lineage specific markers
and analyzing the results by flow cytometry. From these experiments we found that the
peritoneal cavities of mice which received the i.p. injection of CXCL17 contained a
significantly higher number of macrophages after 48 hours than mice that were given the
control i.p. injection. This indicates that CXCL17 mediates the recruitment of macrophages

in vivo (Figure 7).

[0050] A Cxcl17 deficient (-/-) mouse was then analyzed for changes in cellular
populations. This involved a comprehensive analysis of cell populations in immune organs

or mucosal tissues of this mouse. It was found that the Cxcl17 (-/-) mice have significantly
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fewer lung macrophages compared to wild type (WT) mice (Figures 8 and 9). Taken together,
these data indicate that CXCL17 is a major recruitment factor for some populations of
macrophages that normally home to the lung tissues. These macrophages mediate various
functions in vivo, from the initiation of immune responses to modulation of inflammation as

well as immune surveillance against cancer or infectious agents.

[0051] CXCL17 was also measured using an ELISA assay the inventors developed using
commercial reagents. It was observed that CXCL17 is significantly elevated in the
bronchoalveolar lavage fluid (BALf) of patients with idiopathic pulmonary fibrosis (IPF)
(compared to healthy subjects) [21]. Interestingly, a hallmark of this discase is a large
increase in the number of macrophages recruited to the lung compared to other interstitial

lung diseases [24,25].

[0052] Taken together, these data indicate that CXCL17 is one of the most important
macrophage chemotactic factors and a major recruitment signal for macrophages to mucosal
sites. Given the importance of macrophages as a central cell that controls and participates in
inflammatory responses, these observations indicate that neutralizing the effects of CXCL17,
for example, by administering to a patient an antibody against CXCL17, should alter the
development or course of inflammatory responses in mucosal tissues including the lung and

the gut.

[0053] Some chemokines have been identified as biomarkers of specific human diseases
(11590198 [25,26], 22136974). Chemokines are specially suited to be excellent biomarkers
because they are small, secreted proteins that can be easily measured by enzyme-linked
immunosorbent assay (ELISA). Additionally, due to their mechanism of action, cells can
produce chemokines at high concentrations in a short amount of time in order to produce a
gradient. This, in conjunction with the high amount of specificity that chemokines exhibit in
their association with various diseases makes this class of molecules excellent candidates to

be biomarkers of human disease.

[0054] Given CXCL17’s pattern of expression and the inventors’ observations that
CXCL17 is elevated in human lung diseases, CXCL17 can be used as a biomarker of human

disease or a druggable target to treat disease.
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[0055]  As shown with microarray, gene expression, and immunohistochemical staining
data, CXCL17 is robustly expressed in several mucosal tissues, specifically tissues of the
gastrointestinal tract and the lungs (bronchus and trachea) . Additionally, it has been shown
that CXCL17 is an important macrophage chemotactic factor, suggesting that this chemokine
is likely to be a key modulator of infiltration macrophages/monocytes in diseases where its
expression levels are elevated. Based on these data, the modulation of CXCL17, either by
modifying CXCL17 expression or by targeting its protein product, represents a novel

therapeutic approach to treating diseases where CXCL17 is elevated.

[0056] The inventors have already found that CXCL17 is elevated above homeostatic
levels in two human disease states: idiopathic pulmonary fibrosis (IPF) and ulcerative colitis
(UC). Interestingly, a hallmark of IPF is a robust influx of macrophages to the lungs
compared to other interstitial lung diseases [24]. Similarly, studies have suggested that
macrophages may play an important role in the pathogenesis and development of UC [27-29].
There is still ample need for novel biologically based therapies for UC [30]. CXCL17 is a
critical factor recruiting macrophages in these disease states. Therefore, targeting of the
CXCL17 gene or protein product provides a new way to benefit patients suffering from these
diseases. This is especially important given that there are no FDA approved therapies

available for patients with IPF.

[0057]  Therapies targeting CXCL17 are provided in two ways. In one embodiment, a
monoclonal antibody specifically targeted against CXCL17 is used to prevent CXCL17
chemotactic activity, and therefore indirectly block the recruitment of macrophages.
Monoclonal antibody therapy has been previously been shown to provide significant clinical
benefit to patients; in fact, several therapeutic antibodies have been approved by the Food and
Drug Administration (FDA) for indications such as rheumatorid arthritis, Crohn’s disease and
breast cancer [31-34]. Fully human antibodies can now be developed by those skilled in the
art [35-38] as long as a particular antigen is known and available for the development of the
monoclonal antibody. In the present case, CXCL17 can be obtained either commercially or
can be prepared by expressing it in either bacteria (E. coli) [39,40]. Therapeutic monoclonal
antibodies are typically administered intravenously (i.v.) and are disseminated throughout the
body via the bloodstream. This route of delivery is relatively simple administration method

that can be achieved rapidly. Additionally, an intratracheal instillation of this therapy can
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provide a site specific treatment for IPF. The antibody dosage can be about 1mg/kg body
weight to about 10 mg/kg body weight by intravenous infusion every 1-20 days [68].

[0058]  In asecond embodiment, CXCL17 is targeted at the gene expression level.
Antisense therapy modulates the expression of a gene by blocking its effective transcription
into mRNA by the cellular transcription machinery [41-43]. This therapeutic approach can
prevent the successful production of any CXCL17 protein, therefore completely abolishing
the capability of cells to be recruited to the disease sites. In some embodiments, this therapy
can be administered i.v. or directly at the site of disease (lung/trachea, GI tract) to specifically
block the CXCL17 mediated chemotactic response at these sites. The dosage can be about 1
to about 10 mg/kg body weight [69].

[0059] Recombinant CXCL17 can also be used as a therapy for cancers in a further
embodiment. In this embodiment, tumors can be given direct injections of recombinant
CXCL17 to increase the number of macrophages recruited to the tumor site [21]. These
macrophages are expected to increase the antigen presenting cells taking up and presenting
tumor antigens to immune cells, thereby augmenting the body’s ability to fight the tumor
[17]. Different macrophage subsets participate differentially in inflammatory responses [44];
thus, in another embodiment, the macrophages recruited by CXCL17 should be able to
modify the inflammatory responses associated with tumors and enhance the body’s resistance
to tumor development. The CXCL17 dosage can be about 1-5 mg per intratumor

administration [70].

[0060]  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.

EXAMPLE 1

Assay

[0061]  Bronchoalveolar lavage (BALf) samples from healthy or diseased human subjects
were analyzed for CXCL17 by sandwich ELISA by coating 96-well plates (NUNC,
Rochester, NY) with primary monoclonal anti-human CXCL17 antibody (R&D Systems).
Recombinant human CXCL17 (R&D Systems) was used as a standard. Bound standards and

samples were detected by subsequent incubation with polyclonal anti-human CXCL17
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antibody (R&D Systems) and horseradish peroxidase-conjugated mouse anti-human detection
antibody (Abcam, Cambridge, MA). The binding was visualized using TMB (KPL,
Gaithersburg MD). The reaction was stopped with 2N H2SO4 and absorbance was read at
450nm.

Results

[0062] CXCL17 is the product of a gene that encodes a 13.8 kDa protein with the
characteristic CXC chemokine fold [14]. The initial discovery of CXCL17 classified it as a
chemokine that was expressed in the stomach and trachea [14]. The inventors have
confirmed and expanded this observation. Microarray analysis, a novel approach to studying
gene expression, was used to generate a comprehensive database of human gene expression
in more than 105 normal human tissues and organs. Using a bioinformatics approach for the
analysis, this database was screened for chemokines that were very robustly and specifically
expressed within mucosal tissues. From this screen we identified CXCL17 as a mucosal
chemokine, (Figures 1 and 2). In addition to being robustly expressed within specific
mucosal tissues, CXCL17 has very discrete expression within those mucosal tissues. This is
exemplified when CXCL17’s expression is analyzed within the tongue: using a tongue
microarray expression database it was found that CXCL17 is only expressed in the lingual
epithelium (Figure 3). When CXCL17’s expression is analyzed in the microarray database,
the inventers observed that its highest site of expression is the trachea and bronchus (Figures
1 and 5). The inventors have confirmed that CXCL17 is also expressed in the small intestine
(Figure 4). Based on this knowledge, the levels of CXCL17 in human bronchoalveolar
lavage fluid (BALf) samples were analyzed from healthy controls and patients previously
diagnosed with an interstitial lung disease (either hypersensitivity pneumonitis (HP) or
interstitial pulmonary fibrosis (IPF)) (Figure 6). Surprisingly, it was found that CXCL17 is
elevated in patients with an interstitial lung disease compared to patients with no known lung
disease. CXCL17 is more elevated in IPF compared to HP, suggesting that CXCL17 may
play a different role in these two different interstitial lung disorders. Currently there are no
reliable diagnostic methods to distinguish between HP and IPF. Given the high levels of
CXCL17 in both of these disorders, and that CXCL17 is differentially detected between the

two diseases, CXCL17 could serve as a new biomarker.
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[0063]  Patients with IPF typically present progressive dyspnea (difficulty breathing), and
may also present cough and rales (a crackling sound in the lungs during inhalation).
Differential diagnosis aims to exclude other potential causes that may present similar
symptoms (asbestos exposure, chemotherapeutic drugs, rheumatoid arthritis, scleroderma, or
hypersensitivity pneumonitis (HP), mixed connective tissue disease, or radiation induced

fibrosis.

[0064] At present, there is no recognized satisfactory treatment, and therefore some of the
efforts are directed instead to make sure that the patient does not have a different disease for
which there are established treatments (i.c. HP). For HP, corticosteroids have been used for

treatment. Another disease that should be excluded is non-specific interstitial pneumonia

(NSIP).

[0065]  Current studies testing potential treatments include cyclophosphamide,
pirfenidone, and azathiopine. However, the severity of IPF is such that the prognosis is very
poor. Most patients die within 3 years of diagnosis. Another more radical option includes

lung transplant

[0066]  The targeting of CXCL17 is contemplated to help in the treatment of these
diseases. It has been observed that patients with these disorders have increased bacterial
infections. Interestingly, the inventors have found that CXCL17 has antimicrobial activity.
Therefore, alterations in CXCL17 levels in interstitial lung disease are contemplated to affect
the susceptibility of the lungs of patients with these conditions to microbial infections, a

finding that leads to the treatments provided herein.
EXAMPLE 2

Intraperitoneal injection of recombinant CXCL17

[0067]  After injecting 100 ng per mouse of recombinant mouse Cxcl17 into the peritoneal
cavities of three mice, a small but significant increase in macrophages (M), but not dendritic
cells (DCs) was observed (Figure F.-H.) after 48 h compared to mice injected with PBS
vehicle (Figure C.-E.). The specific cell populations were determined by staining the cells

with cell specific antibodies (F4/80, macrophages; CDllc, DCs; Gr-1, granulocytes).
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EXAMPLE 3

[0068] Referring to Figure 8, lung cells were collected from Wild Type or Cxcl17 (-/-)
mice. Lung lymphoid cells were obtained by disrupting the lung tissue mechanically and then
treating it with collagenase. Single cells were collected after passing the resulting cell
suspension through a sieve. Cells were then stained with fluorochrome-conjugated antibodies
for analysis by flow cytometry. Lymphoid cells were identified by forward versus side
scatter. When the macrophage population (F4/80+CDllIbhigh cells) (B-D.) was analyzed, a
significant decrease in the percentage of macrophages in Cxcl17 (-/-) lungs compared to WT
mouse lungs was observed. Plots in Figure 8 A-D are representative FACS plots from two

separate experiments with n=5 per group.

[0069]  Figure 9 is a graph showing that Cxcl17(-/-) mice have decreased numbers of
macrophages in the lungs compared to WT mice. The graph shows numbers of
F4/80+CD11b+ cells recovered from lungs of WT or Cxcl17(-/-) mice. The latter mice have

significantly less cells that express these markers, which characterize lung macrophages
EXAMPLE 4

[0070]  For treatment of a patient, a monoclonal antibody against CXCL17 can be
produced by immunizing a mouse with human CXCL17. Following several immunizations,
the presence of anti-CXCL17 antibodies in the serum of the mouse can be assayed by testing
the serum by enzyme-linked immunosorbant assay (ELISA). Once the presence of anti-
CXCL17 antibodies is confirmed in the serum of a given mouse, its spleen can be fused to a
myeloma cell suitable for the production of monoclonal antibodies using several techniques
like PEG-driven fusion or electrical techniques. The resulting hybridomas can be selected in
HAT medium and screened for the production of anti-CXCL17 antibodies by ELISA.
Positive antibodies can also be tested for the neutralization activity by inhibition of CXCL17-
driven chemotaxis of THP-1 cells. Anti-CXCL17 can be also screened by
immunohistochemical staining of normal human trachea bronchus, tongue, colon, or small
intestine. Antibodies can also be screened for their ability to inhibit CXCL17-driven calcium

fluxes in THP-1 cells.

[0071]  Mouse antibodies can be humanized by replacing their Fc region with human Fc.

Alternatively, the binding site of the antibody can be sequenced and then molecular biology
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(e.g. cloning) techniques can be used to place the binding site in fully human antibodies. The
expression of these antibodies can be performed in mammalian cell cultures and the
antibodies can be purified by affinity chromatography. The purified antibodies can be tested
for endotoxin content and otherwise can also be monitored for quality control using a Biacore

instrument.

[0072] A given patient can be administered anti-CXCL17 monoclonal antibody in doses
raging from 1-20 mg/kg body weight intravenously under medical supervision for 3 h to
monitor adverse reactions. This dose/regimen can be repeated every 2 weeks-2 months.
Expected results include reduced inflammatory responses, pain, swelling, altered blood
counts for monocytes, reduction in inflammatory infiltrate, and reduction in disease score

(symptoms).
EXAMPLE 5

[0073] A patient can be treated with an antisense compound targeting CXCL17. The
methodology behind RNAI technology is to target and silence the expression of a specific
gene [71]. This is accomplished when small, double stranded interfering RNAs (siRNAs) are
processed into short, single strands. Using the cell's own RNA-induced silencing complex
(RISC), the single strands will bind to the complementary target mRNA, which tags it for
cleavage, thus preventing successful translation of that mRNA template [71]. In a therapeutic
setting, RN A1 therapy can be used to treat diseases, such as cancers or autoimmune diseases,
by blocking specific gene expression programs that are required for tumor survival/growth or

by blocking the recruitment or function of cells that mediate autoimmune diseases.

[0074]  Tabernero et. al. recently used RNAI in a clinical trial to treat liver metastases of
endometrial cancer [69] in a successful Phase I clinical trial. Similarly, Tekmira
Pharmaceuticals Corporation is currently testing their RNAI therapy (a compound called
TKM-PLK1 or TKM-080301, which targets PLK-1 (polo-like kinase 1) to treat solid tumors.
Although the results of this Phase I clinical trial have not yet been published, the company is
reporting favorable results (on the World Wide Web at
tekmirapharm.com/Programs/Products.asp#plkl). RNAi therapy has also been reported to

provide favorable outcomes in a Phase I clinical trial with melanoma patients [72].
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[0075]  Each of these studies used intravenous (i.v.) infusion as the route of administration
for their therapeutic compound. The route of delivery for RNAI therapy is critical to ensure
that the RNAi can inhibit successfully in an in vivo setting [71.72,69] utilized nanoparticles
to deliver the RNAI to the cancers.

[0076]  The primary challenge for effective gene silencing in vivo is delivery of the siRNA
to the appropriate organ(s) with productive cellular uptake leading to engagement of RISC
(RNA induced-silencing complex) in the cytosol. Successful delivery depends on siRNA
formulations that confer ‘drug-like’ properties favorable to delivery and uptake following

parenteral administration.

[0077] Lipid nanoparticles (LNP) can be used to deliver siRNAs and have been shown to
silence gene expression in various species [73]. To use a CXCL17 siRNA, these can be
designed as described [65] using the algorithms described in [66]. Similar approaches can be
used with antisense olugonucleotides [62] using the algorithms described in [63]. The
activity of these CXCL17 siRNAs can be tested in vitro by co-culture of the CXCL17 lipid
nanoparticles with CXCL17-producing cells (like HEK-293 cells transfected with CXCL17
mRNA). The ability of the HEK-293 cells to produce CXCL17 can be measured by
quantifying the levels of CXCL17 in the supernatant of these cell cultures.

[0078] Examples of antisense oligonueotide sequences and siRNA sequences for CXCL17

are as follows:

a. Oligos synthesized to generate a phosphorothioate backbone denoted by *.
Site 1

5" A*GHFT*G*G*G*A*G*A*GH¥*T*G*A*G*G*T*G*G*G*A 3' (SEQ ID NO:6)
Site 2

5" G¥*C*C*A*GH*CH*G¥TH*T*CH*C*CX*A*T*T*T*G*A*G*G 3' (SEQ ID NO:7)
b. siRNA sequences for CXCL17; Upper case — RNA, lower case - DNA

Site 1

57 GUAGCAAACAGAAGUCAAUAAAUaL (SEQ ID NO:8)
UUCAUCGUUUGUCUUCAGUUAUUUAUA 5’ (SEQ ID NO:9)
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Site 2

57  GAAUGUGAGUGCAAAGAUUGGUUccC (SEQ ID NO:10)
UUCUUACACUCACGUUUCUAACCAAGG 57 (SEQ ID NO:11)

[0079]  siRNAs can be modified to reduce their immunostimulatory potential [74]. The
lipid nanoparticles have a particle diameter of 80-100 nm which permits them to distribute
around the peritoneum following parenteral administration [75]. These Cxcl17-Lipid
nanoparticles (LNP) can be tested in a DSS model of colitis in mice as described [76], and the
benefits of the therapy should be readily apparent by following the development (or not) of

colitis in the treated mice.

[0080]  For use in patients, the CXCL17-LNP can be used at a dose of (0.1-1.5 mg/kg
body weight) through a central line as a 15 minute iv infusion via a controlled infusion device
using an extension set with a 1.2 micron filter every 2 weeks, with a cycle of therapy defined
as 2 doses given over one month. Patients can be premedicated with dexamethasone (20 mg
iv), acetaminophen (650 mg orally), diphenhydramine 50 mg iv and 50 mg ranitidine iv to 30
minutes before infusion to reduce the risk of infusion-related reactions that can be observed

with liposomal products.

[0081]  The expected results include the amelioration of symptoms of the disease. In the
case of lung interstitial or inflammatory diseases, patients would be expected to exhibit a gain
of respiratory function. In the case of inflammatory digestive tract diseases, a reduction in
the inflammation observed in various sites is expected. These parameters can be monitored
by established techniques (for example, in the case of the gut: colonoscopy; in the case of the
lung, x-rays and other radiology-based imaging techniques as well as physical measurements

of lung function). The development of tumors can be monitored by CT scan.
EXAMPLE 6

[0082]  For treatment of a tumor in a patient, CXCL17 can be produced by expression in a
Bacullovirus expression system (insect cells). Following cloning of the CXCL/7 gene into an
appropriate expression vector, the cells are incubated at 37 °C. CXCL17 protein production
from the cells can be monitored by ELISA. CXCL17 activity can be evaluated by calcium
flux and chemotaxis of THP-1 cells. Recombinant CXCL17 protein can be purified by high

pressure liquid chromatography. The recombinant CXCL17 can be injected into tumor sites
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at 1 mg/kg body weight every 2 weeks-2 months. Tumor burden can be monitored by CT
scans; macrophage infiltration can be monitored through biopsies. Macrophage content of
the biopsies can be monitored by immunohistochemistry using macrophage-specific surface
markers such as CD68. Expected results include shrinkage of tumor size, inhibition of

metastatic foci, and overall improvement in the patient’s quality of life.

[0083] In cancers of the digestive system (from the oral cavity to the colon) and lung,
CXCL17 is expected to have a positive therapeutic effect by recruiting macrophages that will
enhance anti-tumor effects including increased antigen presentation, tumor cytotoxicity and

general immunosurveillance.
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