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CCR1 MODULATORS AND METHODS OF USE

[0001] CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application claims priority to U.S. provisional application No. 63/507,297
filed June 9, 2023.

[0003] FIELD

[0004] The present invention relates to polypeptides, peptides, and conjugates with
CCR1 modulatory activity.

[0005] BACKGROUND

[0006] CCRI1 is a receptor for the chemokine CCL3 (MIP-1 alpha) as well as CCL5
(RANTES), CCL7 (MCP-3), and CCL23 (MPIF-1). CCL3 binds to the receptor CCR1 and

mediates various cellular behaviors.

[0007] CCRI antagonists have been clinically developed for diseases including multiple
sclerosis, psoriasis, endometriosis, rheumatoid arthritis, chronic obstructive pulmonary disease,

and multiple myeloma.

[0008] Given the potential applications for CCR1 modulators, there is a need for
alternative CCR1 inhibitors with different pharmacological properties such as reduced toxicity

and/or improved modulatory potency.
[0009] SUMMARY

[0010] The present invention provides polypeptides, peptides, and conjugates with CCR1

modulatory activity (antagonism or agonism).

[0011] In an embodiment of the present invention, there is provided a polypeptide
comprising an N-terminal portion and a C-terminal portion, wherein the N-terminal portion
comprises an amino acid sequence with 0, 1, 2, 3, 4, 5, or 6 amino acid substitutions relative to
any one of SEQ ID NO: 3-86, and wherein the C-terminal portion comprises an amino acid

sequence at least 70% identical to SEQ ID NO: 2.
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[0012] In an embodiment of the present invention, there is provided a peptide comprising
an amino acid sequence with 0, 1, 2, 3, 4, 5, or 6 amino acid substitutions relative to any one of

SEQ ID NO: 3-86.

[0013] In an embodiment of the present invention, there is provided a conjugate
comprising the polypeptide as described herein or the peptide as described herein conjugated to a

moiety.

[0014] In an embodiment of the present invention, there is provided a nucleic acid

molecule encoding the polypeptide, the peptide, or the conjugate as described herein.

[0015] In an embodiment of the present invention, there is provided a host cell

comprising the nucleic acid molecule or the vector as described herein.

[0016] In an embodiment of the present invention, there is provided a pharmaceutical
composition comprising the polypeptide, the peptide, the conjugate, the nucleic acid molecule, or
the vector as described herein, and a pharmaceutically acceptable carrier, excipient, and/or

stabilizer.

[0017] In an embodiment of the present invention, there is provided a method of
modulating CCR1 signaling in a cell, comprising contacting the cell with the polypeptide, the
peptide, the conjugate, the nucleic acid molecule, the vector, or the pharmaceutical composition

as described herein.

[0018] In an embodiment of the present invention, there is provided a method of treating
or preventing a disease or disorder associated with CCR1 signaling in a subject, comprising
administering to the subject the polypeptide, the peptide, the conjugate, the nucleic acid

molecule, the vector, or the pharmaceutical composition as described herein.

[0019] The advantages and features of the present invention will become better
understood with reference to the following more detailed description and claims taken in

conjunction with the accompanying drawings, tables and sequence listings.

[0020] BRIEF DESCRIPTION OF THE DRAWINGS
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[0021] Embodiments will be described, by way of example only, with reference to the

accompanying figures wherein:

[0022] FIG. 1 shows CCRI signaling as measured by calcium flux in Fluo-8-loaded
THP-1 cells (relative fluorescence) in response to native CCL3 or the exemplary CCL3 variants

2P35-CCL3 and 1P31-CCL3. Data points represent mean signaling activity = S.D. (n=3).

[0023] FIG. 2 shows CCRI signaling as measured calcium flux in Fluo-8-loaded THP-1
cells (relative fluorescence) in response to wild type CCL3 after the cells were first incubated
with small molecule CCR1 antagonists BMS-817399, CCX354, and BX471 or the exemplary
CCL3 variant 1P31-CCL3. Data points represent mean signaling activity £ S.D. (n=3). Four-
parameter dose-inhibition curves were fitted to the data using GraphPad Prism, from which pICso

values (-log(ICso) were derived.
[0024] DETAILED DESCRIPTION

[0025] The present inventors have discovered peptides that are variants of the N-terminal
region of CCL3 that can be used to create variants of CCL3 with CCR1-modulatory activity. The
peptides may be used to replace the native N-terminal portion of CCL3 or a CCL3 analog to
produce a CCL3 variant polypeptide with CCR1-modulatory activity (antagonism or agonism).
As demonstrated herein in Tables 3-5, variant CCL3 polypeptides according to the invention
exhibit differential agonist and/or antagonist activity to CCR1 relative to wild type CCL3. As
shown in Table 4, many of the CCL3 variant polypeptides of the invention exhibit significantly
higher antagonism of CCR1 as compared to known antagonists BX471, CCX354, and BMS-
817399.

[0026] Sequences, compositions, and methods for carrying out the invention are
presented in terms of examples and embodiments in the present disclosure. However, the
invention is not limited to the described examples and embodiments, and a person skilled in the
art will appreciate that many other embodiments of the invention are possible without deviating
from the basic concept of the invention, and that any such work around will also fall under scope
of this invention. It is envisioned that other styles and configurations of the present invention can
be easily incorporated into the teachings of the present invention, and the configurations shall be

shown and described for purposes of clarity and disclosure and not by way of limitation of scope.
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[0027] Molecules of the Invention

[0028] Peptides providing CCR1-modulatory activity and which may be incorporated

into polypeptides, such as CCL3 variants, and into conjugates are provided.

[0029] In some embodiments, there is provided a polypeptide comprising an N-terminal
portion and a C-terminal portion, wherein the polypeptide is a CCL3 variant and is a CCR1
modulator (antagonist or agonist). As used herein, a “CCL3 variant”, “CCL3 variant
polypeptide”, “CCL3 derivative”, or “CCL3 derivative polypeptide” according to the present
invention refers to a polypeptide derived from CCL3, for example human CCL3 (SEQ ID NO:
1), in which the N-terminal portion comprises a peptide of the invention as described herein and
the C-terminal portion comprises an amino acid sequence at least 70% identical to SEQ ID NO:
2 or 87. In some embodiments, the N-terminal portion comprises or consists of an amino acid
sequence with 0, 1, 2, 3, 4, 5, or 6 amino acid substitutions relative to any one of SEQ ID NO: 3-
86 and the C-terminal portion comprises or consists of an amino acid sequence at least 70%
identical to SEQ ID NO: 2. In some embodiments, the N-terminal portion comprises or consists
of an amino acid sequence with O, 1, 2, or 3 amino acid substitutions relative to any one of
SEQID NO: 88-171 and the C-terminal portion comprises or consists of an amino acid sequence
at least 70% identical to SEQ ID NO: 87. As described herein, methionine residues can be
conservatively substituted with non-oxidizable amino acid analogs or amino acid derivatives to
reduce complications from methionine oxidation during synthesis. In some embodiments, one or
more methionine residues in the polypeptides, peptides, and conjugates of the present invention
are conservatively substituted with an amino acid analog or an amino acid derivative such as, but

not limited to, norleucine.

[0030] Molecules of the invention may provide different modulatory effects such as, for

example agonism and/or antagonism of CCR1.

[0031] As used herein, the term “CCRI inhibitor” and “CCR1 antagonist” may be used
interchangeably to mean a polypeptide, peptide, conjugate, small molecule, or other compound
that inhibits one or more biological and/or pathological activities induced by the agonism,
activation, or signaling of CCR1. CCRI inhibitors may prevent the binding of ligands or
pathogens by achieving partial or complete occupation of the site or sites on CCRI1 that they
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require for interaction (orthosteric inhibitors). For example, a CCR1 inhibitor may block the
binding of native CCL3 ligand to CCR1, preventing normal activation of CCR1, or block the
binding of a synthetic CCR1 agonist to CCR1. Alternatively, CCR1 inhibitors may prevent the
binding of ligands or pathogens by engaging sites on CCR1 and inducing CCR1 to adopt a
conformation or conformations that cannot be recognized by the ligands or pathogens (allosteric
inhibitors). CCR1 inhibitors may inhibit the entire repertoire or only a subset of CCR1
intracellular signaling pathways and pathogenic interactions. As used herein, the term “agonist”
or “agonism” carries the ordinary meaning in the art of activating a receptor to induce a
biological function of the receptor. A ligand that activates a receptor is an agonist. An antagonist
is a ligand that inhibits one or more biological activities induced by the agonism, activation, or
signaling of a receptor. The amount of agonism provided by a ligand is typically measured by

its ECso value. The ECso can be measured for a given agonist ligand by determining the
concentration of agonist ligand needed to elicit half of the maximum biological response of the
agonist ligand. Smaller ECso values, as measured in concentration of agonist ligand, indicate
increased agonism because a lower concentration of the agonist ligand is required to elicit the
maximum biological response. By contrast, the antagonism of an antagonist ligand may be
measured in the terms of ICso values obtained from an inhibitory potency assay. The ICso 1s
typically defined as the concentration of the agent at which 50% of a signal elicited via the
receptor by a natural agonist is inhibited by the agent. ICso may sometimes be reported as pICso,
which is the negative log of the ICso value in moles per liter (molar or M). Alternatively,
agonism may be measured by signaling efficacy. Signaling efficacy is usually measured by
determining the maximum biological activity elicited by the ligand (Emax). Receptors may
exhibit more than one biological response when activated by an agonist ligand. The magnitude of
the agonism or antagonism of a ligand may be measured with respect to one or more of the
biological responses exhibited by the activated receptor. Agonism may be measured by one or
more of increased phosphorylation of the receptor when bound by the ligand; increased G protein
signaling through the receptor when bound by the ligand; increased arrestin recruitment to the
receptor when bound by the ligand; increased induction of intracellular calcium flux when the
receptor is bound by the ligand; and/or increased receptor internalization when the receptor is
bound by the ligand. Measurements of agonism or antagonism may be determined using routine

methods known 1n the art.
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[0032] In some embodiments, the polypeptide, the peptide, or the conjugate of the
present invention inhibits CCR1 with an ICso of less than 1 nM, less than 3 nM, less than 10 nM,
less than 25 nM, or less than 50 nM.

[0033] In some embodiments, the polypeptide, the peptide, or the conjugate of the
present invention agonizes CCR1 with at least 20%, at least 30%, at least 60%, or at least 70% of

the signaling activity of wild type CCL3.

[0034] In an embodiment, the polypeptide of the present invention comprises an amino
acid sequence with O, 1, 2, 3, 4, 5, or 6 amino acid substitutions relative to any one of SEQ ID
NO: 3-86 or with 0, 1, 2, or 3 amino acid substitutions relative to any one of SEQ ID NO: 88-
171. In some embodiments, the amino acid sequence is located near the N terminus of the
polypeptide. In some embodiments, the amino acid sequence is located such that the beginning
of the amino acid sequence lies within 15 residues of the N terminus of the polypeptide, such as
within 12, 10, 8, 6, 5, 4, 3, 2, 1 residues of the N terminus, or consists of the N terminus of the

polypeptide.

[0035] In some embodiments, the polypeptide according to the present invention
comprises an N-terminal portion and a C terminal portion, wherein said N-terminal portion
comprises an amino acid sequence with 0, 1, 2, 3, 4, 5, or 6 amino acid substitutions relative to
any one of SEQ ID NO: 3-86 and the C-terminal portion comprises an amino acid sequence at
least 70% identical to SEQ ID NO: 2, or with 0, 1, 2, or 3 amino acid substitutions relative to any
one of SEQID NO: 88-171 and the C-terminal portion comprises an amino acid sequence at least

70% identical to SEQ ID NO: 87.

[0036] In some embodiments of polypeptides of the present invention, the N-terminal
portion consists of no more than 11, 10, 9, 8, 7, or 6 amino acids. In an embodiment, the N-
terminus of the C-terminal portion adjoins directly to the C-terminus of the N-terminal portion,
1.e. the N-terminal portion and the C terminal portion are directly adjoined. In some
embodiments, the N-terminal portion is adjoined to the C-terminal portion via a peptide linker. In
some embodiments, the N-terminal portion is located at the extreme N terminus of the

polypeptide.
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[0037] In some embodiments, there is provided a peptide comprising an amino acid
sequence with 0, 1, 2, 3, 4, 5, or 6 amino acid substitutions relative to any one of SEQ ID NO: 3-
86 or with 0, 1, 2, or 3 amino acid substitutions relative to any one of SEQ ID NO: 88-171.

[0038] In some embodiments, there is provided a conjugate comprising the polypeptide,
such as a CCL3 variant polypeptide, or the peptide as described herein conjugated to a moiety.
As used in reference to a conjugate, the term “moiety” refers to an atom, molecule, or compound
that 1s conjugated to the polypeptide or the peptide of the present invention. In some
embodiments, conjugation of the moiety to the polypeptide or peptide allows delivery of the
moiety to CCR1-expressing cells, tissues, and/or tumors with or without inducing CCR1
signaling. In some embodiments, the moiety is an immunoglobulin domain such as an Fc domain
of an Ig@G, IgM, IgE, IgD, or IgA heavy chain, or an Fc domain of a lambda or kappa light chain.
In some embodiments, the moiety is a chemokine domain, such as a domain of a wild type
CCL3. In some embodiments, the moiety is a toxin such as a toxin that enables the killing of a
CCRI1-expressing cell or the killing of a pathogen inside a CCR1-expressing cell. In some
embodiments, the toxin is a cytotoxic agent, an anti-tumor agent, a chemotherapeutic agent, an
antiviral agent, or an antibacterial agent. In some embodiments, the toxin is pseudomonas
exotoxin A, diptheria toxin, a ribosome inactivating protein, or saporin. In some embodiments,
the moiety is a carrier protein such as albumin. In some embodiments, the moiety is a polymer
such as polyethylene glycol. In some embodiments, the moiety is a lipid. In some embodiments,
the moiety is a detectable marker such as a fluorescent molecule (e.g. green fluorescent protein,
red fluorescent protein, yellow fluorescent protein, or an AlexaFluor™), a dye, or a radioisotope.
The moiety may be conjugated to the polypeptide or peptide by a variety of means known in the
art. By “conjugated”, it is meant that the polypeptide or peptide of the invention is associated
with the moiety by a covalent or non-covalent bond. In embodiments wherein the moiety is an
amino acid polymer, then the polypeptide or peptide of the invention may be conjugated to the
moiety by a peptide bond, optionally through a linker amino acid sequence and/or through a

disulfide bond.

[0039] Sequences referred to herein are set out in Table 1 below. The residues denoted as
“J” are norleucine. In all sequences provided herein, norleucine may be substituted with

methionine.
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SEQ Amino Acid Sequence
ID NO

SLAADTPTACCFSYTSRQIPQNFIADYFETSSQCSKPGVIFLTKRSRQVCADPSE
= EWVQKYVSDLELSA WT CCL3
5 CFSYTSRQIPQNFIADYFETSSQCSKPGVIFLTKRSRQVCADPSEEWVQKYVSDL | CCL3 C
= ELSA term
3 ISQSAWTPTAC 1P31-CCL3
4 AVFRGRTPTAC 1P0O2-CCL3
5 FAPFRRTPTAC 1P0O3-CCL3
6 FASRYRTPTAC 1P04-CCL3
7 FSLWRRTPTAC 1P0O5-CCL3
8 FSSTKRTPTAC 1PO6-CCL3
9 HSRWARTPTAC 1PO7-CCL3
10 IGSSRLTPTAC 1PO8-CCL3
11 LSSQPRTPTAC 1P09-CCL3
12 JGARWSTPTAC 1P10-CCL3
13 JGGLRRTPTAC 1P11-CCL3
14 JGRLGRTPTAC 1P12-CCL3
15 JGRIGRTPTAC 1P13-CCL3
16 JGSRSLTPTAC 1P14-CCL3
17 JQLRTPTPTAC 1P15-CCL3
18 JQVIPRTPTAC 1P16-CCL3
19 JSVONRTPTAC 1P17-CCL3
20 RGQFPRTPTAC 1P18-CCL3
21 VAFSRLTPTAC 1P19-CCL3
22 VAQSSLTPTAC 1P20-CCL3
23 VASSQLTPTAC 1P21-CCL3
24 VSISRWTPTAC 1P22-CCL3
25 VSRSWFTPTAC 1P23-CCL3
26 YGIRSRTPTAC 1P24-CCL3
27 YVFPRRIPTAC 1P25-CCL3
28 FAHPRRTPTAC 1P26-CCL3
29 FGPWRWTPTAC 1P27-CCL3
30 FIWSRQTPTAC 1P28-CCL3
31 FSSQPRTPTAC 1P29-CCL3
32 FWIDRRTPTAC 1P30-CCL3
33 AQAJGRTPTAC 1PO1-CCL3
34 LSSSQLTPTAC 1P32-CCL3
35 JGGLRQTPTAC 1P33-CCL3
36 JQAFRLTPTAC 1P34-CCL3
37 JSRSRLTPTAC 1P35-CCL3
38 JTARQLTPTAC 1P36-CCL3
39 VALSRWTPTAC 1P37-CCL3
40 VARSWWTPTAC 1P38-CCL3
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41 VGGSRWTPTAC 1P39-CCL3
42 VQSIGRTPTAC 1P40-CCL3
43 VSASQLTPTAC 1P41-CCL3
44 VSQSALTPTAC 1P42-CCL3
45 VSQTRWTPTAC 1P43-CCL3
46 WLEFPRRTPTAC 1P44-CCL3
47 FFQTVHPTAC 2P01-CCL3
48 FFWWSQPTAC 2P02-CCL3
49 FFWYSQPTAC 2P03-CCL3
50 FGPRRVPTAC 2P04-CCL3
51 FSGFQVPTAC 2P05-CCL3
52 FSGWQIPTAC 2P06-CCL3
53 IGIRWVPTAC 2P07-CCL3
54 LGRHFVPTAC 2P08-CCL3
55 LPSRLFPTAC 2P09-CCL3
56 LSRVWRPTAC 2P10-CCL3
57 JGQVGPPTAC 2P11-CCL3
58 JGSRRHPTAC 2P12-CCL3
59 JSQRLHPTAC 2P13-CCL3
60 JSRIFQPTAC 2P14-CCL3
61 ZAJGRVPTAC 2P15-CCL3
62 RISRIYPTAC 2P16-CCL3
63 RITSRHPTAC 2P17-CCL3
64 SVSQRVPTAC 2P18-CCL3
65 TAFRQVPTAC 2P19-CCL3
66 VGIFPRSPTAC 2P20-CCL3
67 VLPHRWPTAC 2P21-CCL3
68 VSHLRQPTAC 2P22-CCL3
69 WSWPRAPTAC 2P23-CCL3
70 FFWISQPTAC 2P25-CCL3
71 FHGLRRPTAC 2P26-CCL3
72 IGIRWIPTAC 2P27-CCL3
73 LSRIIQPTAC 2P28-CCL3
74 JFPTRHPTAC 2P29-CCL3
75 JGLYRLPTAC 2P30-CCL3
76 JGQLGPPTAC 2P31-CCL3
77 JGRFNQPTAC 2P32-CCL3
78 JQVLRRPTAC 2P33-CCL3
79 JRIRWVPTAC 2P34-CCL3
80 JSRLQIPTAC 2P35-CCL3
81 JSRLVQPTAC 2P36-CCL3
82 ZGJSRLPTAC 2P37-CCL3
83 VQVILSPTAC 2P38-CCL3
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84 VSISRWPTAC 2P39-CCL3
85 WFWPRKPTAC 2P40-CCL3
86 WSWPRRPTAC 2P41-CCL3
; PTACCFSYTSRQIPQNFIADYFETSSQCSKPGVIFL TKRSRQVCADPSEEWVQKY | CCL3 C
= VSDLELSA term
88 ISQSAWT 1P31-CCL3
89 AVFRGRT 1P02-CCL3
90 FAPFRRT 1P03-CCL3
91 FASRYRT 1P04-CCL3
92 FSLWRRT 1P05-CCL3
93 FSSTKRT 1P06-CCL3
94 HSRWART 1P07-CCL3
95 IGSSRLT 1P08-CCL3
96 LSSQPRT 1P09-CCL3
97 JGARWST 1P10-CCL3
98 JGGLRRT 1P11-CCL3
99 JGRLGRT 1P12-CCL3
100 JGRIGRT 1P13-CCL3
101 JGSRSLT 1P14-CCL3
102 JQLRTPT 1P15-CCL3
103 JQVIPRT 1P16-CCL3
104 JSVQONRT 1P17-CCL3
105 RGQFPRT 1P18-CCL3
106 VAFSRLT 1P19-CCL3
107 VAQSSLT 1P20-CCL3
108 VASSQLT 1P21-CCL3
109 VSISRWT 1P22-CCL3
110 VSRSWFT 1P23-CCL3
111 YGJRSRT 1P24-CCL3
112 YVEFPRRI 1P25-CCL3
113 FAHPRRT 1P26-CCL3
114 FGPWRWT 1P27-CCL3
115 FIWSRQT 1P28-CCL3
116 FSSQPRT 1P29-CCL3
117 FWIDRRT 1P30-CCL3
118 AQAJGRT 1P01-CCL3
119 LSSSQLT 1P32-CCL3
120 JGGLRQT 1P33-CCL3
121 JQAFRLT 1P34-CCL3
122 JSRSRLT 1P35-CCL3
123 JTARQLT 1P36-CCL3
124 VALSRWT 1P37-CCL3
125 VARSWWT 1P38-CCL3

10
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126 VGGSRWT 1P39-CCL3
127 VQSIGRT 1P40-CCL3
128 VSASQLT 1P41-CCL3
129 VSQSALT 1P42-CCL3
130 VSQTRWT 1P43-CCL3
131 WLFPRRT 1P44-CCL3
132 FFQTVH 2P01-CCL3
133 FFWWSQ 2P02-CCL3
134 FFWYSQ 2P03-CCL3
135 FGPRRV 2P04-CCL3
136 FSGFQV 2P05-CCL3
137 FSGWQI 2P06-CCL3
138 IGIRWV 2P07-CCL3
139 LGRHFV 2P08-CCL3
140 LPSRLF 2P09-CCL3
141 LSRVWR 2P10-CCL3
142 IGQVGP 2P11-CCL3
143 JGSRRH 2P12-CCL3
144 JSQRLH 2P13-CCL3
145 JSRIFQ 2P14-CCL3
146 ZAJGRV 2P15-CCL3
147 RISRIY 2P16-CCL3
148 RITSRH 2P17-CCL3
149 SVSQRV 2P18-CCL3
150 TAFRQV 2P19-CCL3
151 VGEFPRS 2P20-CCL3
152 VLPHRW 2P21-CCL3
153 VSHLRQ 2P22-CCL3
154 WSWPRA 2P23-CCL3
155 FFWISQ 2P25-CCL3
156 FHGLRR 2P26-CCL3
157 IGIRWI 2P27-CCL3
158 LSRIIQ 2P28-CCL3
159 JFPTRH 2P29-CCL3
160 JGLYRL 2P30-CCL3
161 JGQLGP 2P31-CCL3
162 JGRFNQ 2P32-CCL3
163 JQVLRR 2P33-CCL3
164 JRIRWV 2P34-CCL3
165 JSRLQI 2P35-CCL3
166 ISRLVQ 2P36-CCL3
167 ZGJSRL 2P37-CCL3
168 VQVILS 2P38-CCL3

11
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169 VSISRW 2P39-CCL3

170 WFWPRK 2P40-CCL3

171 WSWPRR 2P41-CCL3
[0040] The present invention provides polypeptides, peptides, and conjugates as

disclosed above and, moreover, nucleic acid molecules encoding said polypeptides, peptides and
conjugates. In some embodiments, the nucleic acid molecules encoding polypeptides, peptides,
and/or conjugates of the present invention are RNA or DNA. The skilled person is able to design
or identify nucleic acid molecules encoding said polypeptides, peptides, and conjugates of the
present invention using methods known in the art. In some embodiments, the nucleic acid
molecules encoding polypeptides, peptides, and/or conjugates of the present invention are
incorporated into a vector, such as a plasmid, episome, artificial chromosome, virus, or a viral
vector. In some embodiments, the nucleic acid molecules encoding polypeptides, peptides,
and/or conjugates of the present invention or the vector comprising said nucleic acid molecule
are comprised within a host cell to enable expression of the polypeptides, peptides, and/or
conjugates of the present invention. In some embodiments, the host cell is a bacterial cell, a yeast
cell, a vertebrate cell, a mammalian cell, a human cell, or a cell of an immortalized cell line such

as a CHO cell, a HEK cell, or a HeLa cell.

[0041] Polypeptides and peptides are polymers that comprise amino acids linked by
peptide bonds. As used herein, the term “amino acid” is used to describe any amino acid, natural
or otherwise, that can be incorporated into a polypeptide or a peptide. Amino acids are small
molecules comprising an amine (-NH2) group, a carboxyl (-COOH), and a variable side chain
(R-group) specific to each amino acid. Amino acids are covalently linked by peptide bonds
between the amine group of one amino acid to the carboxyl group of another amino acid to form

polypeptides. Amino acids within a polypeptide are often referred to in the art as “residues”.

[0042] Polypeptides and peptides may comprise post-translational modifications such as,
for example, phosphorylation, glycosylation, ubiquitination, nitrosylation, methylation,
acetylation, lipidation, acylation, prenylation, alkylation, oxidation, or other modifications

known 1in the art.
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[0043] Polypeptides and peptides may comprise amino acid analogs. As used herein, the
term “amino acid analogs” describes artificial, synthetic, or unnatural amino acids beyond the 20
genetically-encoded amino acids, such as for example the amino acid analogs described in Zou et
al. (2018, Biotechnology Advances 36(7), 1917-1927). Examples of amino acid analogs that can
be incorporated into polypeptides, peptides, and conjugates of the present invention include, but
are not limited to, norleucine, B-amino acids, homo-amino acids, synthetic proline and pyruvic
acid derivatives, 3-substituted alanine derivatives, glycine derivatives, ring-substituted
phenylalanine and tyrosine derivatives, linear core amino acids, N-methyl amino acids, and
amino acids with synthetic R-groups. Polypeptides and peptides may also comprise amino acid
derivatives. As used herein, the term “amino acid derivatives” describes amino acids that have
been derived from the modification of one of the 20 genetically-encoded amino acids. Amino
acid derivatives can be synthetic, e.g. made in vitro by chemical reaction, or they can be
naturally occurring in organisms, e.g. in vivo metabolites. An example of an amino acid
derivative is pyroglutamate/pyroglutamic acid, a cyclized derivative of glutamine in which the

free amino group of glutamic acid cyclizes to form a lactam.

[0044] According to the present invention, a sequence is said to bear similarity to, or to
be a homologue of, SEQ ID NO: 2 or 87 if said sequence is more than 70% identical to SEQ ID
NO: 2 or 87. In some embodiments, said sequence is a C-terminal portion having more than
70%, more than 75%, more than 80%, more than 85%, more than 90%, more than 95%., more
than 99%, or 99.9% sequence identity to SEQ ID NO: 2 or 87. The terms “identity” or
“similarity” refers to sequence similarity between two polypeptides. Identity can be determined
by comparing each position in the aligned sequences. A degree of identity between amino acid
sequences is a function of the number of identical or matching amino acids at positions shared by
the sequences, for example, over a specified region. Optimal alignment of sequences for
comparisons of identity may be conducted using a variety of algorithms, as are known in the art,
including the Clustal W program, the local homology algorithm of Smith and Waterman, 1981,
Adv. Appl. Math 2: 482, the homology alignment algorithm of Needleman and Wunsch, 1970, J.
Mol. Biol. 48:443, the search for similarity method of Pearson and Lipman, 1988, Proc. Natl.
Acad. Sci. USA 85:2444, and the computerised implementations of these algorithms (such as
GAP, BESTFIT, FASTA and TFASTA in the Wisconsin Genetics Software Package, Genetics
Computer Group, Madison, WL, U.S.A.). Sequence identity may also be determined using the
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BLAST algorithm, described in Altschul ef al., 1990, J. Mol. Biol. 215:403-10 (using the
published default settings). For example, the "BLAST 2 Sequences" tool, available through the
National Center for Biotechnology Information may be used, selecting the "blastp" program at
the following default settings: expect threshold 10; word size 3; matrix BLOSUM 62; gap costs
existence 11, extension 1. In another embodiment, the person skilled in the art can readily and
properly align any given sequence and deduce sequence identity, similarity, and/or homology by

mere visual inspection.

[0045] A sequence is also said to bear similarity to or to be a homologue of SEQ ID NO:
2 or 87 if it contains one or more conservative substitutions with respect to SEQ ID NO: 2 or 87.
In some embodiments, the peptides or polypeptides of the invention comprises substitutions
relative to another sequence, such as conservative substitutions. Conservative substitutions are
substitutions in the sequence of a peptide or polypeptide that do not lead to a significant loss of
function or which lead only to a small loss of function. Such a loss of function due to one or
more conservative substitutions may be considered not to be significant if said loss amounts to
less than 20%, less than 15%, less than 10%, less than 6%, or less than 4% with respect to the
function of the polypeptide having the unsubstituted sequence. Conservative substitutions are
often substitutions wherein an amino acid side chain is replaced by an amino acid side chain that
is related, or similar in physicochemical properties, to the replaced residue. Such conservative
substitutions may be made, for example, using one of the 20 natural amino acids according to
Table 2 wherein amino acids in the same block in the middle column and preferably in the same
line in the right-hand column may be substituted for each other. Conservative substitutions may
also be made using amino acid analogs or amino acid derivatives such as, for example, a

substitution of methionine with norleucine.
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Table2
aliphatic Non-polar GAP
ILV
polar uncharged C8TM
NQ
polar charged DE
1 KRH
[aromatic HEWY
[0046] In some embodiments, the invention provides polypeptides comprising fragments

of SEQ ID NO: 2 or 87. The fragments should comprise at least ‘n’ consecutive amino acids
from SEQ ID NO: 2 or 87 and, depending on the particular sequence, ‘n’ is 5 or more (such as 6,
8,10, 12, 14, 16, 18, 20, 22, 24. 26, 28. 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 55, 56,
57, 58, or 59).

[0047] Preparation of Polypeptides, Peptides, and Conjugates

[0048] Polypeptides and peptides of the present invention, isolated or for inclusion in a
conjugate, can be prepared in many ways, for example, using known techniques of protein
chemistry (for example, chemical peptide synthesis) or molecular biology (i.e. genetic

engineering and fermentation — in general, biotechnology).

[0049] The polypeptides, peptides, and conjugates of the present invention may be
prepared using the known techniques of protein chemistry as described, for example, in Gaertner

et al., (PNAS, 2008, 105(46):17706-17711).

[0050] A method of preparing polypeptides, peptides, and conjugates of the present
invention involves in vitro chemical synthesis. The polypeptides, peptides, and conjugates may
be synthesized in part or in whole using chemical means. For example, solid-phase peptide
synthesis, such as methods based on tBoc or Fmoc chemistry, may be used. Enzymatic synthesis

may also be used in part or in full.
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[0051] In addition, the polypeptides, peptides, and conjugates of the present invention
can be prepared using genetic engineering. The peptides, polypeptides, and conjugates of the
present invention may be produced by culturing a host cell comprising a nucleic acid molecule
expressing the peptides, polypeptides, or conjugates (or the amino acid portions of the
conjugates) of the present invention under conditions which induce expression of the peptides,
polypeptides, or conjugates. In some embodiments, the host cell is a bacterial cell (e.g. E.coli), a
yeast cell (e.g. Saccharomyces cerevisiae), or a mammalian cell (e.g. a human cell, a mouse cell,

a CHO cell, a HEK cell, a HeLa cell).

[0052] Biological synthesis other than by expression in a host cell may be used, e.g. the
polypeptides, peptides, or conjugates (or the amino acid portions of the conjugates) of the present
invention may be produced by translation from RNA in vitro. Polypeptides, peptides, or
conjugates (or the amino acid portions of the conjugates) of the present invention can, for

example, also be prepared by digesting longer polypeptides using proteases.

[0053] Biological methods, including genetic engineering, fermentation, and expression
are in general restricted to the production of polypeptides based on L-amino acids, but
manipulation of translation machinery in vivo or in vitro (e.g. of aminoacyl tRNA molecules) can
be used to allow the introduction of D-amino acids (or of other non-natural amino acids, such as
iodotyrosine or methylphenylalanine, azidohomoalanine, etc.). Where D-amino acids are
included, however, it is preferred to use chemical synthesis. Polypeptides, peptides, or

conjugates of the present invention may have covalent modifications at the C-terminus and/or N-

terminus.
[0054] Pharmaceutical Compositions
[0055] The present invention provides pharmaceutical compositions comprising

polypeptides, peptides, conjugates, or a nucleic acid or vector encoding said polypeptides,
peptides, or conjugates according to the present invention, and a pharmaceutically acceptable
carrier, excipient, and/or stabilizer. The pharmaceutical compositions of the present invention
may be provided for use as a medicament. Pharmaceutical compositions according to the present
invention may comprise any embodiment of the present invention, i.e., a polypeptide, peptide,

conjugate, or a nucleic acid or vector encoding said polypeptide, peptide, or conjugate according
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to the present invention. The preparation of pharmaceutical compositions is well known to the

person skilled in the art.

[0056] A pharmaceutical composition of the present invention may be administered to a
subject in a therapeutically effective amount. As used herein, a "therapeutically effective
amount" means an amount of the composition or therapeutic agent effective to provide a
therapeutic, prophylactic or diagnostic benefit to a subject. In some embodiments, a
therapeutically effective amount of the composition is an amount capable of inducing a clinical
response in a subject in the treatment of a particular disease or disorder. Determination of a
therapeutically effective amount of the composition is well within the capability of those skilled
in the art, especially in light of the disclosure provided herein. The therapeutically effective
amount may vary according to a variety of factors such as the subject’s condition, weight, sex

and age.

[0057] In an embodiment, a pharmaceutical composition of the present invention may
comprise more than one polypeptide, peptide, conjugate, or a nucleic acid or vector encoding
said polypeptide, peptide, or conjugate of the present invention. In an embodiment, the
pharmaceutical composition of the present invention may comprise (a) at least one polypeptide,
peptide, conjugate, or a nucleic acid or vector encoding said polypeptide, peptide, or conjugate of

the present invention; and (b) at least one second pharmaceutical agent or therapeutic agent.

[0058] In an embodiment, the second pharmaceutical agent or therapeutic agent may be
an anti-inflammatory drug, an immunosuppressant, an antibiotic, an antiviral agent, a small
molecule drug, or an antibody. In some embodiments, the second pharmaceutical agent or
therapeutic agent 1s formulated in admixture with, or in a separate pharmaceutical composition
from, the at least one polypeptide, peptide, conjugate, or a nucleic acid or vector encoding said

polypeptide, peptide, or conjugate, e.g. for simultaneous or for sequential administration.

[0059] Pharmaceutical compositions provided herein may be prepared in various
pharmaceutical dosage forms, such as an instant release, controlled release, sustained release, or
target drug-delivery system. Commonly used dosage forms include, for example, solutions and
suspensions, (micro-) emulsions, ointments, gels, creams, pastes, foams, suppositories, ovules,

implants, patches, liposomes, tablets, dragees, lozenges, soft or hard shell capsules, amorphous
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or crystalline powders, effervescent powders or tablets, aerosols, and lyophilized formulations.
Depending on the route of administration used, special devices may be required for application
or administration of a dosage form, such as syringes and needles, inhalers, pumps, injection pens,
applicators, special flasks, or other devices for administration, which may also be implanted
within a body. Pharmaceutical dosage forms provided herein may be manufactured by any of the
methods well-known in the art, such as, for example, by conventional mixing, sieving,
dissolving, melting, granulating, dragee-making, tabletting, suspending, extruding, spray-drying,

levigating, emulsifying, (nano/micro-) encapsulating, entrapping, or lyophilization processes.

[0060] Pharmaceutical compositions provided herein may further comprise a
pharmaceutically acceptable carrier, excipient, and/or stabilizer (Remington: The Science and
practice of Pharmacy 20th Ed., 2000, Lippincott Williams and Wilkins, Ed. K. E. Hoover).
Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations, and may comprise, for example but not limited to, buffers such as phosphate,
citrate, and other organic acids; antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride;
benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens
such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol);
low molecular weight (less than about 10 residues) polypeptides; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine;
monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or
dextrans; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol;
salt-forming counter-ions such as sodium; metal complexes (e.g., Zn-protein complexes); and/or

non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

[0061] Pharmaceutical dosage forms provided herein may be manufactured by any of the
methods well-known in the art, such as, for example, by conventional mixing, sieving,
dissolving, melting, granulating, dragee-making, tabletting, suspending, extruding, spray-drying,

levigating, emulsifying, (nano/micro-) encapsulating, entrapping, or lyophilization processes.

[0062] Methods and Uses
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[0063] Polypeptides, peptides, conjugates, or nucleic acids or vectors encoding said
polypeptides, peptides or conjugates, or pharmaceutical compositions of the present invention
may be used for modulating CCR1 signaling in a cell. In some embodiments, the cell is a
monocyte, memory T cell, basophil, dendritic cell, neutrophil, lung airway smooth muscle cell,
neuron, astrocyte, endothelial cell, osteoclast, a CCR1-expressing immortalized cell, or a cancer

cell.

[0064] Polypeptides, peptides, conjugates, or nucleic acids or vectors encoding said
polypeptides, peptides or conjugates, or pharmaceutical compositions of the present invention
may be used in the treatment or prevention of diseases or disorders including inflammatory
diseases or cancer such as multiple sclerosis, psoriasis, endometriosis, rheumatoid arthritis,
chronic obstructive pulmonary disease, or multiple myeloma in a subject. In some embodiments,

the subject is a human subject.

[0065] The present invention provides the use of polypeptides, peptides, conjugates, or
nucleic acids or vectors encoding said polypeptides, peptides or conjugates, or pharmaceutical
compositions of the present invention for the treatment and/or prophylaxis (prevention) of
diseases or disorders that may be treated by modulating the activity of CCR1 or modulating the
activity of cells expressing CCR1, such as by agonizing or antagonizing CCR1. Moreover,
conjugates of the present invention may also be used to carry moieties into cells expressing
CCRI1. In some embodiments, the moiety 1s an immunoglobulin domain, a chemokine domain, a

toxin, a carrier protein, a polymer, a lipid, or a detectable marker.

[0066] One or more of the polypeptides, peptides, conjugates, or nucleic acids or vectors
encoding said polypeptides, peptides or conjugates of the present invention may be administered
to a subject. When more than one is administered, they may be administered together (as an
admixture or separately though substantially simultaneously) or sequentially. They may be
administered in combination with one or more other pharmaceutical or therapeutic agent that are
not comprised within the polypeptides, peptides, conjugates, or nucleic acids or vectors encoding
said polypeptides, peptides or conjugates of the present invention. The polypeptides, peptides,
conjugates, or nucleic acids or vectors encoding said polypeptides, peptides or conjugates of the

present invention may then also be administered together (as an admixture or separately though
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substantially simultaneously) with said one or more other pharmaceutical or therapeutic agent, or

sequentially.

[0067] “Treating” or “treatment of’, or “preventing” or “prevention of’, as used herein,
refers to an approach for obtaining beneficial or desired results. Beneficial or desired results can
include, but are not limited to, alleviation or amelioration of one or more symptoms or
conditions, diminishment of extent of disease, stabilization of the state of disease, prevention of
development of disease, prevention of spread of disease, delay or slowing of disease progression,
suppression of disease, delay or slowing of disease onset, conferring protective immunity against
a disease-causing agent and amelioration or palliation of the disease state. “Treating” or
“preventing” can also mean prolonging survival of a patient beyond that expected in the absence
of treatment and can also mean inhibiting the progression of disease temporarily or preventing

the occurrence of disease, such as by preventing infection in a subject.

[0068] “Treating” may be distinguished from “preventing” in that “treating” typically
occurs in a subject who already has a disease or disorder, or is known to have already been
exposed to an infectious agent, whereas “preventing” typically occurs in a subject who does not
have a disease or disorder, or is not known to have been exposed to an infectious agent. As will
be appreciated, there may be overlap in treatment and prevention. For example, it is possible to
be “treating” a disease in a subject, while at same time “preventing” symptoms or progression of

the disease.

[0069] Modes of Administration

[0070] The polypeptides, peptides, conjugates, or nucleic acids or vectors encoding said
polypeptides, peptides or conjugates of the present invention can be delivered directly or in
pharmaceutical compositions containing carriers, excipients, and/or stabilizers, as i1s known in
the art. The present methods of treatment include administration of a therapeutically effective
amount of the polypeptides, peptides, conjugates, or nucleic acids or vectors encoding said

polypeptides, peptides or conjugates of the present invention to a subject.

[0071] For the methods and uses of the present invention, polypeptides, peptides,
conjugates, or nucleic acids or vectors encoding said polypeptides, peptides, conjugates, or

pharmaceutical compositions of the present invention may be administered to a subject by
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conventional techniques, such as intravenously (as a bolus or by continuous infusion over a
period of time), intramuscularly, transmucosally, intraperitoneally, intra-cerebrally,
subcutaneously, intra-articularly, intrasynovially, intrathecally, nasally, orally, topically, or by
inhalation. Other suitable administration routes may include intra-lesional or peri-lesional

routes.

[0072] For intravenous injection, polypeptides, peptides, conjugates, or nucleic acids or
vectors encoding said polypeptides, peptides, conjugates, or pharmaceutical compositions of the
present invention may be formulated in aqueous solution, if necessary using physiologically
compatible buffers, including, for example, phosphate, histidine, or citrate for adjustment of the
formulation pH, and a tonicity agent, such as, for example, sodium chloride or dextrose. For
transmucosal or nasal administration, semisolid, liquid formulations, or patches may be
preferred, possibly containing penetration enhancers. Such penetrants are generally known in the

art.

[0073] Compositions formulated for parenteral administration by injection are usually
sterile and, can be presented in unit dosage forms, e.g., in ampoules, syringes, injection pens, or
in multi-dose containers, the latter usually containing a preservative. Pharmaceutical
compositions suitable for parenteral administration may take such forms as suspensions,
solutions, or emulsions in oily or aqueous vehicles, and may contain buffers, tonicity agents,
viscosity enhancing agents, surfactants, suspending and dispersing agents, antioxidants,
biocompatible polymers, chelating agents, and preservatives. Depending on the injection site, the
vehicle may contain water, a synthetic or vegetable oil, and/or organic co-solvents. In certain
instances, such as with a lyophilized product or a concentrate, the parenteral formulation would
be reconstituted or diluted prior to administration. Formulations, providing controlled or
sustained release of an active agent, may include injectable suspensions of nano/micro particles
or nano/micro or non-micronized crystals. Polymers such as poly(lactic acid), poly(glycolic
acid), or copolymers thereof, can serve as controlled/sustained release matrices, in addition to
others well known in the art. Other sustained delivery systems may be presented in form of

implants and pumps requiring incision.

[0074] Suitable carriers for intravenous injection are well-known in the art and include

water-based solutions containing a base, such as, for example, sodium hydroxide, to form an
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ionized agent, sucrose or sodium chloride as a tonicity agent. A water-based solution may
comprise a buffer containing phosphate or histidine. Co-solvents, such as polyethylene glycols,
may be added. These water-based systems are effective at dissolving agents and produce low
toxicity upon systemic administration. The proportions of the components of a solution system
may be varied considerably, without destroying solubility and toxicity characteristics.
Furthermore, the identity of the components may be varied. For example, low-toxicity
surfactants, such as polysorbates or poloxamers, may be used, as can polyethylene glycol or
other co-solvents, biocompatible polymers such as polyvinyl pyrrolidone may be added, and

other sugars and polyols may substitute for dextrose.

[0075] Particular embodiments of the disclosure include, without limitation, the
following:
1. A polypeptide comprising an N-terminal portion and a C-terminal portion, wherein the C-

terminal portion comprises an amino acid sequence at least 70% identical to SEQ ID NO: 2.

2. The polypeptide of embodiment 1, wherein the N-terminal portion comprises an amino
acid sequence with 0, 1, 2, 3, 4, 5, or 6 amino acid substitutions relative to any one of SEQ ID

NO: 3-86.

3. The polypeptide of embodiment 2, wherein the amino acid substitution is a conservative

substitution.

4, The polypeptide of any one of embodiments 1-3, wherein the polypeptide inhibits CCR1
with an ICsp of less than 1 nM, less than 3 nM, less than 10 nM, less than 25 nM, or less than 50
nM.

5. The polypeptide of any one of embodiments 1-3, wherein the polypeptide agonizes CCR1
with at least 20%, at least 30%, at least 60%, or at least 70% of the signaling activity of wild type
CCL3.

6. The polypeptide of any one of embodiments 1-5, wherein the N-terminal portion

comprises the amino acid sequence of any one of SEQ ID NO: 3-86.
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7. The polypeptide of any one of embodiments 1-6, wherein the N-terminal portion consists

of 10-11 amino acids and/or the C-terminal portion consists of 50-150 amino acids.

8. The polypeptide of any one of embodiments 1-7, wherein the C-terminal portion

comprises the amino acid sequence of SEQ ID NO: 2.

0. A polypeptide comprising an N-terminal portion and a C-terminal portion, wherein the C-

terminal portion comprises an amino acid sequence at least 70% 1dentical to SEQ ID NO: 87.

10. The polypeptide of embodiment 9, wherein the N-terminal portion comprises an amino
acid sequence with 0, 1, 2, or 3 amino acid substitutions relative to any one of SEQ ID NO: 88-

171.

11. The polypeptide of embodiment 10, wherein the amino acid substitution is a conservative

substitution.

12. The polypeptide of any one of embodiments 9-11, wherein the polypeptide inhibits CCR1
with an ICsp of less than 1 nM, less than 3 nM, less than 10 nM, less than 25 nM, or less than 50
nM.

13. The polypeptide of any one of embodiments 9-11, wherein the polypeptide agonizes
CCRI with at least 20%, at least 30%, at least 60%, or at least 70% of the signaling activity of
wild type CCL3.

14. The polypeptide of any one of embodiments 9-13, wherein the N-terminal portion
comprises the amino acid sequence of any one of SEQ ID NO: 88-171.

15. The polypeptide of any one of embodiments 9-14, wherein the N-terminal portion

consists of 6-7 amino acids and/or the C-terminal portion consists of 50-150 amino acids.

16. The polypeptide of any one of embodiments 9-15, wherein the C-terminal portion
comprises the amino acid sequence of SEQ ID NO: 87.

17. A peptide comprising an amino acid sequence with 0, 1, 2, 3, 4, 5, or 6 amino acid

substitutions relative to any one of SEQ ID NO: 3-86.
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18. A peptide comprising an amino acid sequence with 0, 1, 2, or 3 amino acid substitutions

relative to any one of SEQ ID NO: 88-171.

19. The peptide of embodiment 17 or 18, wherein the amino acid substitution is a

conservative substitution.

20. The peptide of any one of embodiments 17-19, wherein the polypeptide inhibits CCR1
with an ICsp of less than 1 nM, less than 3 nM, less than 10 nM, less than 25 nM, or less than 50
nM.

21 The peptide of any one of embodiments 17-19, wherein the polypeptide agonizes CCR1
with at least 20%, at least 30%, at least 60%, or at least 70% of the signaling activity of wild type
CCL3.

22, The peptide of any one of embodiments 17-21, comprising the amino acid sequence of

any one of SEQ ID NO: 3-86 and 88-171.

23. A conjugate comprising the polypeptide of any one of embodiments 1-16 or the peptide

of any one of embodiments 17-22 conjugated to a moiety.

24, The conjugate of embodiment 23, wherein moiety comprises an immunoglobulin domain,

a chemokine domain, a toxin, a carrier protein, a polymer, a lipid, or a detectable marker.

25. A nucleic acid molecule encoding the polypeptide of any one of embodiments 1-16, the

peptide of any one of embodiments 17-22, or the conjugate of embodiment 23 or 24.

26. A vector comprising the nucleic acid molecule of embodiment 25.

27. A host cell comprising the nucleic acid molecule of embodiment 25 or the vector of
embodiment 26.

28. A pharmaceutical composition comprising the polypeptide of any one of embodiments 1-

16, the peptide of any one of embodiments 17-22, the conjugate of embodiment 23 or 24, the
nucleic acid molecule of embodiment 25, or the vector of embodiment 26, and a

pharmaceutically acceptable carrier, excipient, and/or stabilizer.
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29. The pharmaceutical composition of embodiment 28, further comprising a therapeutic

agent.

30. The polypeptide of any one of embodiments 1-16, the peptide of any one of embodiments
17-22, the conjugate of embodiment 23 or 24, the nucleic acid molecule of embodiment 25, the
vector of embodiment 26, or the pharmaceutical composition of embodiment 28 or 29 for use in

modulating CCR1 signaling in a cell.

31. The polypeptide, peptide, conjugate, nucleic acid molecule, vector, or pharmaceutical
composition of embodiment 30, wherein the cell is a monocyte, memory T cell, basophil,
dendritic cell, neutrophil, lung airway smooth muscle cell, neuron, astrocyte, endothelial cell,

osteoclast, a CCR1-expressing immortalized cell, or a cancer cell.

32. The polypeptide, peptide, conjugate, nucleic acid molecule, vector, or pharmaceutical

composition of embodiment 30 or 31, wherein the cell is in in vitro.

33. The polypeptide, peptide, conjugate, nucleic acid molecule, vector, or pharmaceutical

composition of embodiment 30 or 31, wherein the cell is in a subject.

34. The polypeptide, peptide, conjugate, nucleic acid molecule, vector, or pharmaceutical
composition of any one of embodiments 30-33, wherein modulating CCR1 signaling in a cell

comprises inducing CCR1 signaling in a cell.

35. The polypeptide, peptide, conjugate, nucleic acid molecule, vector, or pharmaceutical
composition of any one of embodiments 30-33, wherein modulating CCR1 signaling in a cell

comprises inhibiting CCR1 signaling in a cell.

36. The polypeptide of any one of embodiments 1-16, the peptide of any one of embodiments
17-22, the conjugate of embodiment 23 or 24, the nucleic acid molecule of embodiment 25, the
vector of embodiment 26, or the pharmaceutical composition of embodiment 28 or 29 for use in

treating or preventing a disease or disorder associated with CCR1 signaling in a subject.

37. The polypeptide, peptide, conjugate, nucleic acid molecule, vector, or pharmaceutical
composition of embodiment 36, wherein the disease or disorder is an inflammatory disease or

cancer.
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38. The polypeptide, peptide, conjugate, nucleic acid molecule, vector, or pharmaceutical
composition of embodiment 36, wherein the disease or disorder is multiple sclerosis, psoriasis,
endometriosis, rheumatoid arthritis, chronic obstructive pulmonary disease, or multiple

myeloma.

39. A method of modulating CCR1 signaling in a cell, comprising contacting the cell with
the polypeptide of any one of embodiments 1-16, the peptide of any one of embodiments 17-22,
the conjugate of embodiment 23 or 24, the nucleic acid molecule of embodiment 25, the vector

of embodiment 26, or the pharmaceutical composition of embodiment 28 or 29.

40. The method of embodiment 39, wherein the cell is a monocyte, memory T cell, basophil,
dendritic cell, neutrophil, lung airway smooth muscle cell, neuron, astrocyte, endothelial cell,

osteoclast, a CCR1-expressing immortalized cell, or a cancer cell.
41. The method of embodiment 40, wherein the cell is in vitro.
42. The method of embodiment 40, wherein the cell is in a subject.

43. The method of any one of claims 39-42, wherein modulating CCR1 signaling in a cell

comprises inducing CCR1 signaling in a cell.

44. The method of any one of claims 39-42, wherein modulating CCR1 signaling in a cell

comprises inhibiting CCR1 signaling in a cell.

45. A method of treating or preventing a disease or disorder associated with CCRI1 signaling
in a subject, comprising administering to the subject the polypeptide of any one of embodiments
1-16, the peptide of any one of embodiments 17-22, the conjugate of embodiment 23 or 24, the
nucleic acid molecule of embodiment 25, the vector of embodiment 26, or the pharmaceutical

composition of embodiment 28 or 29.

46. The method of embodiment 45, wherein the disease or disorder is an inflammatory

disease or cancer.

47. The method of embodiment 45, wherein the disease or disorder is multiple sclerosis,
psoriasis, endometriosis, rheumatoid arthritis, chronic obstructive pulmonary disease, or multiple

myeloma.
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[0076] In understanding the scope of the present disclosure, the term “comprising” and
its derivatives, as used herein, are intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers, and/or steps, but do not exclude the
presence of other unstated features, elements, components, groups, integers and/or steps. The
foregoing also applies to words having similar meanings such as the terms, “including”,
“having” and their derivatives. The term “consisting” and its derivatives, as used herein, are
intended to be closed terms that specify the presence of the stated features, elements,
components, groups, integers, and/or steps, but exclude the presence of other unstated features,
elements, components, groups, integers and/or steps. The term “consisting essentially of”, as
used herein, 1s intended to specify the presence of the stated features, elements, components,
groups, integers, and/or steps as well as those that do not materially affect the basic and novel

characteristic(s) of features, elements, components, groups, integers, and/or steps.

[0077] All publications and patents cited herein are incorporated by reference in their
entirety as if each individual publication or patent were specifically and individually indicated to
be incorporated by reference. In the case of any conflict between a definition of a term in the
present disclosure and a definition in a cited publication or patent, the definition provided in the

present disclosure is to be used in describing the present invention.

[0078] The present invention will now be described by way of non-limiting examples

having regard to the appended drawings.

[0079] EXAMPLES

[0080] Materials and Methods

[0081] Stimulation of CCR1 assay was determined using the calcium flux method.
[0082] Ca* flux measurements were performed using an FDSS micro-cell device

(HAMAMATSU). On the day of the experiment, THP-1 cells were seeded 40000 cells/well) to

wells of black-walled clear-bottom 384-well plates.

[0083] Synthesized test samples (100 uM) were diluted in PBS supplemented with 1%
BSA and 25 mM HEPES to generate dilution series for dose-response experiments: 8-point dose-

response starting at 300 nM with a 3-fold dilution interval for each treatment).
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[0084]

Quest™ Fluo-8 No Wash Calcium Assay Kit, AAT Bioquest) according to the manufacturer’s
instructions, then a first addition of either test sample dilutions or vehicle alone were added. 5

minutes later, cells were stimulated with 33.3 nM CCL3.

[0085]

course of the experiment.

[0086]

[0087]

PCT/EP2024/065720

THP-1 cells were loaded with a calcium-sensitive fluorescent dye (Screen

Fluorescence signals (ex. 490 nm, em. 525 nm) were recorded during the full

Example 1

Variant N-terminal portions of CCL3 were synthesized (SEQ ID NOs: 3-86) and

each were ligated to a C-terminal portion of CCL3 (SEQ ID NO: 2). The resulting variant

polypeptides were assayed for modulatory activity (agonism and antagonism) of CCR1 as

compared to the small molecule CCR1 antagonists BMS-817399, BX471, CCX354 and
cenicriviroc and to wild type CCL3. The measured agonist activity (Av Ag Score) and antagonist

activity (Av Antag pIC50) of each assayed molecule are shown in Table 3 below.

TABLE 3
AVAG | AV N | N
O(1|2|3|4|5]|6|7]|8]9]10 SCORE ANTAG Ant | Ag
pIC50
BMS-
817399 74 6 1
BX471 8.2 2 1
CCX354 8.0 2 1
Cenicriviroc 0 0
CCL3 -|S|L|A|A|D|T|P|T|A|C 9.1 2 0
1PO1-CCL3 (A|Q|A|J|G|R|T|P|T| A]|C 35 7.6 1 1
1PO2-CCL3 |A|V|F|R|G|R|T|P|T|A|C 5 8.2 2 2
1P03-CCL3 FIA|P|F|R|R|T|P|T|A]|C 3 8.6 4 4
1P04-CCL3 FIA|S|R|Y|R|T|P|T|A]|C 32 7.3 2 2
1P0O5-CCL3 F|S|L|IW|R|R|T|P|T|A]|C 4 8.6 4 4
1P06-CCL3 F|S|S|T|K|R|T|P|T|A]|C 28 4.9 2 2
1PO7-CCL3 |H|S|R|{W|A | R|T|P|TJ|A|C 10 8.4 2 2
1P08-CCL3 Il | G|S|S|R|L|T|P|T|A|C 2 8.6 4 4
1P09-CCL3 L|S|S|Q|P|R|T|P|T|A|C 53 8.1 1 1
1P10-CCL3 JIG|IA|R|W|S|T|P|T A|C 4 8.1 2 2
1P11-CCL3 JIG|G|L|R|R|T|P|T A|C 24 6.9 2 2
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1P12-CCL3
1P13-CCL3
1P14-CCL3
1P15-CCL3
1P16-CCL3
1P17-CCL3
1pP18-CCL3
1P19-CCL3
1P20-CCL3
1P21-CCL3
1P22-CCL3
1P23-CCL3
1P24-CCL3
1P25-CCL3
1P26-CCL3
1P27-CCL3
1pP28-CCL3
1P29-CCL3
1P30-CCL3
1P31-CCL3
1P32-CCL3
1P33-CCL3
1P34-CCL3
1P35-CCL3
1P36-CCL3
1P37-CCL3
1P38-CCL3
1P39-CCL3
1P40-CCL3
1P41-CCL3
1P42-CCL3
1P43-CCL3
1P44-CCL3
2P01-CCL3
2P02-CCL3
2P03-CCL3
2P04-CCL3
2P05-CCL3
2P06-CCL3
2P07-CCL3
2P08-CCL3
2P0S-CCL3
2P10-CCL3
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2P11-CCL3 -l1J|]Geg|Q|v|G|P|P|T|A]|C 24 7.8 1 1
2P12-CCL3 -1 J|G|S|R|R|H|P|TJ]A]|C 25 7.8 1 1
2P13-CCL3 -(J|S|Q|R|L|H|P|T|A|C 61 6.8 2 2
2P14-CCL3 -1 J | S| R|I F|lQ|P|T|A]|C 33 6.7 2 2
2P15-CCL3 -1 Z|A|J |G| R|V|IP|T] A]|C 0 0
2P16-CCL3 -/ R|J|S|R|IT|]Y|P|T|A]|C 23 7.2 2 2
2P17-CCL3 -/ R|J|T|S|R|H|P|TJ]A]|C 36 7.3 2 2
2P18-CCL3 - S|{V|S|Q|R|V|IP|T| A]|C 5 8.7 4 4
2P19-CCL3 -|T|A|JF|R|]Q|V]|P|T|A|C 6 8.1 2 2
2P20-CCL3 -|V|G|F|P|R|S|P|T|A|C 8.5 4 4
2P21-CCL3 -|V|L|P| H|R|W|P|TJA|C 26 8.3 2 2
2P22-CCL3 -/ V|S|IH|L|R|Q|P|T|A]|C 3 8.7 4 4
2P23-CCL3 - W|SIW|P|R|A|IP|T| A|C 7 8.7 4 4
2P25-CCL3 - FIFIW|J|S|Q|P|T] A]|C 17 9.0 4 4
2P26-CCL3 - F{H|G|L|R|R|P|TJA]|]C 8.8 4 4
2P27-CCL3 - I | G| | R IW/| I P| T A| C 9.0 4 4
2P28-CCL3 - L{S|R|I I Q|P|T|A| C 27 7.8 2 2
2P29-CCL3 | - | J|F|P|T|R|H|P|T | A|C 9.0 4 | 4
2P30-CCL3 -|/J|G|L|]Y|R|L|P|T]A]|C 6 8.9 4 4
2P31-CCL3 - J|GG|lQ|L|G|P|P|T|A]|C 20 8.1 2 2
2P32-CCL3 -|J|G|R|F|N|Q|P|T|A|C 33 8.0 2 2
2P33-CCL3 | - |J|Q|V]|L|R|R|P|T|A|C 11 73 2 2
2P34-CCL3 -1 J | R RIW|V]|P|T| A|C 6 8.7 4 4
2P35CCL3 | - | J|S|R|L|Q| I |P|T|A|C 71 8.1 2 | 2
2P36-CCL3 -/ J|S|IRJL|V|Q|P|T | A]|C 47 7.9 2 2
2P37-CCL3 -1 Z|G|J|S|R|L|IP|T]A]|C 53 8.2 2 2
2P38-CCL3 -|lvijajv ]l L|S|P|T|A]|C 2 8.8 4 4
2P39-CCL3 - V|{S|J|S| R|W|P|TJ]A|C 4 8.7 4 4
2P40CCL3 | - |[W| F|W|P | R|K|P|T | A|C 2 8.7 4 | 4
2P41-CCL3 - W| S/ W|P|R|R|P|TJA]|C 8 8.8 4 4
hCCL3 9.0

amide -|S|{LIA]J]A|D|T|P|T|A]|C 100 5 6

[0088] For agonism (Av Ag Score), the polypeptides were added to Fluo-8-loaded THP-1

cells at increasing concentrations, and CCR1 signaling activity (Ca?" flux, relative fluorescence)
was measured using a multiwell fluorimeter. Agonist activity of compounds across independent
experiments was expressed relative to that of the native ligand, CCL3, tested over the same
concentration range in the same experiment [area under curve (test compound) divided by area

under curve (CCL3) x 100]. The measurement of agonism by the exemplary polypeptides 2P35-
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CCL3 and 1P31-CCL3 is shown in FIG. 1 as examples of signaling and non-signaling molecules,

respectively.

[0089]

THP-1 cells at increasing concentrations, and CCR1 signaling activity induced by the addition of

For antagonism (Av Antag pIC50), the polypeptides were added to Fluo-8-loaded

PCT/EP2024/065720

a fixed concentration of native CCL3 (Ca*" flux, relative fluorescence) was measured using a

multiwell fluorimeter. The measurement of antagonism by the exemplary polypeptide 1P31-

CCL3 1s shown in FIG. 2.

[0090]

The CCL3 variants are sorted into antagonists (Table 4) or agonists (Table 5) of

CCR1 according to these results:
TABLE 4 — Antagonist Polypeptides

ol1|2]3]a|s5|6|7]8|o|10] AVANTAG |\ ant
pIC50 IC50 baskets
1P31-CCL3 | | s|lQ|S|A|lW|T|P|T|A]|C 9.3 4
2P06-CCL3 | - Fls|Gcg|lwlaQl|l Il |P|T|A]|C 9.1 4
IPA3-CCL3 | v | S |Q|T|R|WI|TI|P|T|A|C 9.1 4
2P25-CCL3 | - | F|F|W|J|S|Q|P|T|A|C 9 4 group 1:
IP37-CCL3 | v | A| L|SIRIW|TIPITIAI|C 9 4 potency <1
2p27cc3| - |1 |6 |1 |R|w|1|P|T|A|C 9 4 M
2PO5-CCL3| - |F|S|G|F|Q|V|P|T|A|C S 5
2P29-CCL3 | - | J | F|P|T|R|H|P|T|A|C 9 4
2PO1-CCL3| - | F|F|Q|T|V|H|P|IT|A]|C 9 5
2PO2CCL3| - | FlF|W|WI|S|alP|T|A|lC 8.9 4
2PO3-CCL3| - | F|I|F|W|Y|S|Q|P|T|A|C 8.9 4
1IP27-CCL3| F| G| P IWIRIWITIPITIAI C 8.9 4
2P30-CCL3 | - JI Gl LIYIRILIPITIAIC 8.9 4 group 2:
a2cc3|vls|als|aliltlrlTlalc 8.9 4 ﬁﬁﬁegm
IP20-CCL3 | V| A|lQ| S| S| L|ITIP|T|A]|C 8.9 4
2P04-CCL3 | - FIGIPIR|IRI|IVIPITIAIC 8.9 5
2P41-CCL3| - |[W|S|W|P|R|R|IP|T|A|C 8.8 4
IP3SCCL3| V|G| G|S|R|WI|TI|P|T|A|C 8.8 4
1P28-CCL3| F|J |W|S|R|Q|TI|P|T|A|C 8.8 4
2P26-CCL3 | - | F|H|G|L|R|R|P|T|A|C 8.8 4
2PO8-CCL3| - | L|G|R|H|F|VIP|T|A|C 8.8 5
2P38-CCL3[ - |v Q| V]I LISIPITIAIC 8.8 4

W
—




WO 2024/251939 PCT/EP2024/065720

2P23-CCL3 | - |[W|S|W|P|R|A|P|T|A|C 8.7 4

2P34-CCL3 | - J R | RIWIVIPITIAI C 8.7 4

1P22-CCL3 | v | S | SIRIWITIPITIAI| C 8.7 4

2P18-CCL3| - |s|v|S|al|R|VIP|T|IA|lC 8.7 4

2P39-CCL3 | - |v | S| J SIRIWIPITIAI C 8.7 4

IPAI-CCL3 | v |S|A|S|Q|L|TIP|T|A]|C 8.7 4

2P22CCL3| - |V I|S|H|L|R|Q|lP|T|IA|C 8.7 4

2P40-CCL3 | - ([ WI| F|IW|P|RI|KIP|IT|A|C 8.7 4

IPOSCCL3| F| S| LIWIRI|RI|TI|IP|T|A|C 8.6 4

1PO3-CCL3| F|A|P|F|R|R|T|P|T|A|C 8.6 4

IPOBCCL3| I |G| S| S| R|LI|TI|P|T|A|C 8.6 4

IPAACCLIB | WI! LI FIPIRI|IRITIPITIAIC 8.5 4

IPISCCL3| V| A|F|S|RI|LI|TI|P|T|A|C 8.5 2

IP2I-CCL3 | V| A|S|S|Q|L|TIP|T|A|C 8.5 2

2P20CCI3| - |VIG|FIPIRISIPITIAIC 8.5 4

2POS-CCL3| - | L|P|S|R|L|F|P|T|A|lC 8.5 4

IPO7CCL3| H| S| RIWIAIRITIPITIAI C 8.4 2 group 3:

IP32-CCL3 | L|s|S|sSs|Q|L|TI|P|T|A]|C 8.3 4 potency >3

1PO2-CCL3| A|V|F|R|G|R|T|P|T|A|C 8.2 2 | "M, <10nM

BX471 8.2 2

2P19-CCL3| - | T|A|F| R | Q 2 Al C 8.1 2

1P10-CCL3 | J |G| A | R S P A 8.1 2

1P30-CCL3 | F | W ! 1| DIRI|R P A 8.1 2

CCX354 8 2

IP38CCL3| V| A|R|S I WIWI|TI|P|T|A|C 79 2

1P25-CCL3|Y |V IF|P|RI|R I ITPITIAI| C 7.7 2

1P26-CCL3| F| A|lHI!PIR|IRITIPITIAI C 7.7 2

IP33CCL3 [ J |G| G| L|R|Q|TI|P|T|A|C 7.7 2

wpadcc3| g alalrlrlclTlrlTlalc 7.4 2 group 4:
potency >10

2P33-CCL3[ - |J|Q|V]|L|IR|R|P|IT|A]|C 7.3 2

2P07-CCL3 | - 1 | G | RIWIVIP Al C 6.3 2

1IP23-CCL3| v | S| RISIWIFEFITIPITIAI C 6.1 2
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TABLE 5 — Agonist Polypeptides

AV AG AG score
0]1(2|3|4|5|6(|7]|8]9]10 SCORE N Ag baskets
2P35-
CCL3 -|1J|S|RjL|Q| I |PIT|A|C 71 2
2P13-
CCL3 -|J|S|Q|R|L|H|P|T|A|C 61 2
1P17- 61 5 >50% of the
CCL3 J{S|V|Q|N|R|T|P|T|A|C signaling
1P29- 60 5 activity of
CCL3 FIS|S|Q|P|R|T|P|T|A|C native CCL3
2P37-
CCL3 -1 Z|G|J|S|R|L|P|TIA|C >3 2
1P0S-
CCL3 L|IS|S|Q|P|R|T|P|TIA|C >3 !
2P36-
CCL3 -|J|S|R|L|V|Q|P|T|A|C 47 2
1P18-
CCL3 RIG|Q|F|P|R|T|P|T|A|C 46 2
1P40-
CCL3 ViQ|S|J|G|R|T|P|T|A|C 43 2
1Pl6-
CCL3 JjQ|V|I|P|R|T|P|T|A|C 39 2
2P17-
CCL3 -|R|J|T|S|R|H|P|T|A|C 36 2
1P01- 35 1
CCL3 AIQ|A|J|G|R|T|P|T|A|C >30% of the
1P35- 35 5 signaling
CCL3 J{S|R|S|R|L|T|P|T|A|C activity of
1P15- 34 5 native CCL3
CCL3 JIQ|L|R|T|P|T|P|T|A|C
2P32-
CCL3 -|J|G|R|F|IN|Q|P|T|A|C 3 2
2P14-
CCL3 -|J|S|R|IT|F|Q|P|T|A|C 3 2
1P04-
CCL3 FIA|S|R|Y|R|T|P|TIA|C 32 2
1P36- 31 5
CCL3 JIT|/A|R|Q|L|T|P|T|A|C
1P14-
CCL3 JIG|S|R|S|L|T|P|T|A|C 31 2
1P06- 58 5 >20% of the
CCL3 FIS|S|T|K|R|T|P|T|A|C signaling
2P28- 57 5 activity of
CCL3 -|L|S|R|I|Il]|]Q|P|T|A|C native CCL3
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EZ;_ -|V|L|P|{H|R{W|P|T|A|C 26 2
ézig- -1J|G|S|R|R|H|P|T|A|C 25 !
oz |-|slalalvielele|rlalc] * |1
ézi;- JIG|G|L|R|R|T|P|T|A|C 24 2
ézig- -/ R|J|IS|{R|IT|Y|P|T|A|C 23 2
ézig- Y G|J|R|S|R|T|P|T|A|C 23 2
iz |-lslelalilalelelrialc] 2 |
[0091] The foregoing descriptions of specific embodiments of the present invention have

been presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention and method of use to the precise forms disclosed. Many
modifications and variations are possible in light of the above teaching. The embodiments
described were chosen and described in order to best explain the principles of the invention and
its practical application, and to thereby enable others skilled in the art to best utilize the invention
and various embodiments with various modifications as are suited to the particular use
contemplated. It is understood that various omissions or substitutions of equivalents are
contemplated as circumstance may suggest or render expedient, but is intended to cover the
application or implementation without departing from the spirit or scope of the claims of the

present invention.
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CLAIMS:

1. A polypeptide comprising an N-terminal portion and a C-terminal portion, wherein the
N-terminal portion comprises an amino acid sequence with 0, 1, 2, 3, 4, 5, or 6 amino acid
substitutions relative to any one of SEQ ID NO: 3-86, and wherein the C-terminal portion

comprises an amino acid sequence at least 70% identical to SEQ ID NO: 2.

2. The polypeptide of claim 1, wherein the amino acid substitution is a conservative
substitution.
3. The polypeptide of any one of claims 1-2, wherein the N-terminal portion comprises the

amino acid sequence of any one of SEQ ID NO: 3-86.

4. The polypeptide of any one of claims 1-3, wherein the C-terminal portion comprises the

amino acid sequence of SEQ ID NO: 2.

5. A peptide comprising an amino acid sequence with 0, 1, 2, 3, 4, 5, or 6 amino acid

substitutions relative to any one of SEQ ID NO: 3-86.
6. The peptide of claim 5, wherein the amino acid substitution is a conservative substitution.

7. The peptide of any one of claims 5-6, comprising the amino acid sequence of any one of

SEQ ID NO: 3-86.

8. The polypeptide of any one of claims 1-4 or the peptide of any one of claims 5-7, wherein
the polypeptide or peptide inhibits CCR1 with an ICso of less than 1 nM, less than 3 nM, less
than 10 nM, less than 25 nM, or less than 50 nM.

9. The polypeptide of any one of claims 1-4 or the peptide of any one of claims 5-7, wherein
the polypeptide of peptide agonizes CCR1 with at least 20%, at least 30%, at least 60%, or at
least 70% of the signaling activity of wild type CCL3.

10. A conjugate comprising the polypeptide of any one of claims 1-4 or the peptide of any

one of claims 5-7 conjugated to a moiety.
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11. The conjugate of claim 10, wherein moiety comprises an immunoglobulin domain, a

chemokine domain, a toxin, a carrier protein, a polymer, a lipid, or a detectable marker.

12. A nucleic acid molecule encoding the polypeptide of any one of claims 1-4, the peptide

of any one of claims 5-7, or the conjugate of claim 10 or 11.

13. A pharmaceutical composition comprising the polypeptide of any one of claims 1-4, the
peptide of any one of claims 5-7, the conjugate of claim 10 or 11, or the nucleic acid molecule of

claim 12, and a pharmaceutically acceptable carrier, excipient, and/or stabilizer.
14. The pharmaceutical composition of claim 13, further comprising a therapeutic agent.

15. A method of modulating CCR1 signaling in a cell, comprising contacting the cell with
the polypeptide of any one of claims 1-4, the peptide of any one of claims 5-7, the conjugate of
claim 10 or 11, the nucleic acid molecule of claim 12, or the pharmaceutical composition of

claim 13 or 14.

16. The method of claim 15, wherein the cell is a monocyte, memory T cell, basophil,
dendritic cell, neutrophil, lung airway smooth muscle cell, neuron, astrocyte, endothelial cell,

osteoclast, a CCR1-expressing immortalized cell, or a cancer cell.

17. The method of any one of claims 15-16, wherein modulating CCR1 signaling in a cell

comprises inducing CCR1 signaling in a cell.

18. The method of any one of claims 15-16, wherein modulating CCR1 signaling in a cell

comprises inhibiting CCRI1 signaling in a cell.

19. A method of treating or preventing a disease or disorder associated with CCRI1 signaling
in a subject, comprising administering to the subject the polypeptide of any one of claims 1-4,
the peptide of any one of claims 5-7, the conjugate of claim 10 or 11, the nucleic acid molecule

of claim 12, or the pharmaceutical composition of claim 13 or 14.

20. The method of claim 19 wherein the disease or disorder is an inflammatory disease,

cancer.
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