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A novel CC-chemokine binding protein is isolated from the
saliva of Rhipicephalus sanguineus. Compounds prepared in
accordance with the present invention can be used as anti-
inflammatory compounds and in the treatment or prevention
of CC-chemokine-related diseases.
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Figure 2
>
GCP forward
»
59-attB 1 forward
1 ggggacaagt ttgtacaaaa aagcaggctt cgccaccatg acgtttaagg cttgecattge
M T F K A C I
61 catcataact gcactttgtg caatgcaagt tatatgtgaa gatgatgaag attatggaga
A I I T A L C A M Q v I CE D D B D ¥ G
121 cttaggagga tgcccatttt tagttgctga gaataaaaca gggtacccga caatcgtgge
D L G G C PF L VA ENIEKT G Y P T I V
181 gtgtaaacaa gactgcaatg gtacaaccga gactgctcca aacggcacac gttgetttte
A C K Q DCN G T T ETWAUP N GT R CF
241 gattggtgat gaaggactca gaagaatgac ggcaaacctt ccttacgact gccctctagg
s I 6 D BEGL RRM TADNUL P YD CUP L
301 acaatgcagt aatggagact gcattcccaa ggaaacatac gaggtatgct acagacgcaa
G g ¢ 8 NGD CI P XK ETY EV C Y R R
<+
361 ttggcgagac aagaagaatc accatcacca tcaccattga aacccagctt tcttgtacaa
N W R D K KN H HH H H H 5Stop
<«
59-attB2 reverse
«
GCP reverse
421 agtggtcccce
‘_....'_.._._

GCP reverse
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Figure 5
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Figure 6
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Figure 7
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Figure 9
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Figure 10
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Figure 12
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Figure 13
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Figure 13 Continued
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NOVEL CC-CHEMOKINE ANTAGONISTS

FIELD OF THE INVENTION

[0001] The invention relates to novel antagonists of CC-
chemokines and their uses, particularly as anti-inflammatory
compounds and in the treatment or prevention of
CC-chemokine-related diseases.

BACKGROUND OF THE INVENTION

[0002] Chemokines are small, secreted pro-inflammatory
proteins, which mediate directional migration of leukocytes
from the blood to the site of injury. Depending on the position
of the conserved cysteines characterizing this family of pro-
teins, the chemokine family can be divided structurally into
C, CC, CXC and CX,C chemokines that bind to a series of
membrane receptors (Baggiolini M et al., 1997; Fernandez E
J and Lolis E, 2002). These membrane receptors, all hepta-
helical G-protein coupled receptors, allow chemokines to
exert their biological activity on the target cells, which may
present specific combinations of receptors according to their
state and/or type. The physiological effects of chemokines
result from a complex and integrated system of concurrent
interactions: the receptors often have overlapping ligand
specificity, so that a single receptor can bind different
chemokines. A single chemokine can bind to different recep-
tors as well.

[0003] Studies on structure-activity relationships indicate
that chemokines have two main sites of interaction with their
receptors, the flexible amino-terminal region and the confor-
mationally rigid loop that follows the second Cysteine.
Chemokines are thought to dock onto receptors by means of
the loop region, and this contact is believed to facilitate the
binding of the amino-terminal region that results in receptor
activation.

[0004] Usually, chemokines are produced at the site of
injury and cause leukocyte migration and activation, playing
a fundamental role in inflammatory, immune, homeostatic,
hematopoietic, and angiogenic processes. Thus, these mol-
ecules are considered good target candidates for therapeutic
intervention in diseases associated with such processes. The
inhibition of chemokines, or of their receptors, can reduce
leukocyte maturation, recruitment and activation, as well as
other pathological processes related to angiogenesis or arte-
riosclerosis (Baggiolini M, 2001; Loetscher P and Clark-
Lewis 1, 2001; Godessart N and Kunkel S L, 2001).

[0005] In addition to mutant inhibitory chemokines, anti-
bodies and peptide and small molecule inhibitors blocking
the receptors the search for effective chemokine antagonists
has also been extended to a series of viruses and other organ-
isms that, when entering into contact with human or mammal
hosts, show potent immunomodulatory activities affecting
the host.

[0006] The viral mimicry of cytokines, chemokines, and
their receptors may indicate strategies of immune modulation
for developing therapeutic products (Alcami A, 2003; Lin-
dow M et al., 2003). Recently, immunomodulatory factors
expressed by haematophagous arthropods (such as mosqui-
toes, sandflies and ticks) have been reviewed (Gillespie, R D
etal., 2000).

[0007] In particular, the salivary glands of ticks produce a
complex mixture of bioactive molecules having, in particular,
anti-inflammatory, anti-haemostatic and anti-immune activi-
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ties. These include bioactive proteins that control histamine,
bind immunoglobulins, or inhibit the alternative complement
cascade or other proteases.

[0008] Despite the large amount of literature, only a few
articles list cDNA sequences identified by random sequenc-
ing and differential screens of libraries generated from vari-
ous tick tissues and/or species. However, the large majority of
these sequences are not characterized biochemically or func-
tionally, and many annotations are entered only on the basis of
sequence similarity with known proteins involved in basic
cellular functions, such as those previously characterised in
tick salivary glands for enzymatic activities or inducing anti-
body response. In particular, there is no indication of tick
proteins acting as CC-chemokine binding proteins and func-
tioning as CC-chemokine antagonists.

SUMMARY OF THE INVENTION

[0009] Surprisingly, it has been found that the saliva of
Rhipicephalus sanguineus (dog tick) contains a novel protein
termed ChBP-59, which binds CC-chemokines and inhibits
their activity. ChBB-59 was cloned from a Rhipicephalus
sanguineus cDNA library, and expressed in mammalian cells.
This protein, as well as derivatives, fragments or mimetics
thereof, can be used therapeutically, e.g., as antagonists of
CC-chemokines in mammalian organisms, or as targets for
vaccination and for the control of ticks and of tick-borne
pathogens.

[0010] A first aspect of the invention thus relates to a
polypeptide comprising the amino acid sequence of ChBP-59
or of a fragment or analog thereof. Preferred polypeptides of
this invention bind a CCchemokine, and inhibit its biological
activity. A specific example of such a polypeptide is ChBP-59
or a fragment thereof.

[0011] A second aspect of the invention relates to nucleic
acid molecules encoding a polypeptide as defined above.
Such nucleic acids also include oligonucleotides isolated
from them and vectors containing said molecules, in particu-
lar expression vectors.

[0012] A third aspect of this invention resides in antibodies
that selectively bind the polypeptides as defined above.
[0013] A fourth aspect of this invention relates to host cells
and transgenic non-human animals expressing a polypeptide
as defined above, as well as methods of producing such cells
and transgenic non-human animals.

[0014] A fifth aspect of this invention is a process for pre-
paring a polypeptide as defined above, typically using recom-
binant technologies.

[0015] A sixth aspect of the invention is a pharmaceutical
(including a vaccine or immunogenic) composition compris-
ing a polypeptide or nucleic acid molecule as defined above
and a pharmaceutically acceptable carrier or vehicle.

[0016] A seventhaspect ofthe invention relates to theuse of
a polypeptide or nucleic acid molecule as defined above as a
medicament, in particular for the preparation of a medica-
ment for regulating an immune or inflammatory response in a
mammal, as well as to corresponding methods for treatment.
[0017] Other features and advantages of the invention will
be apparent from the following detailed description.

DESCRIPTION OF THE FIGURES

[0018] FIG. 1: Alignment of ChBP-59 ¢cDNA sequence
with ChBP-59 protein sequence encoded by the relevant
Open Reading Frame (ORF). The signal sequence (residues
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1-20, as predicted by the algorithm SIGNALIJ) is underlined.
The predicted polyadenylation site is boxed. The Cysteine
residues present in the mature protein are highlighted. The
predicted N-linked glycosylation sites are in bold.

[0019] FIG. 2: Alignment of the Gateway compatible
ChBP-59 ¢cDNA containing the flanking attB sites obtained
by two successive rounds of PCR. The arrows indicate the
position and sense of the relevant PCR primers (summarized
in Table IIT). Start and stop codons are in bold. The amino
acids forming the signal sequence are underlined.

[0020] FIG. 3: (A) Map of the pDONR221_ChBP-59-HIS
entry vector for Gateway cloning system. (B) Map of the
pDEST8_ChBP-59-HIS expression vector for expression in
insect (TNS) cells. (C) Map of the pEAK12d_ChBP-59-HIS
expression vector for expression in mammalian (HEK293/
EBNA) cells.

[0021] FIG. 4: 10% SDS-polyacrylamide gel (SDS-PAGE)
stained with Coomassie blue solution showing the molecular
weight of ChBP-59-HIS purified from HEK293 and bacu-
lovirus-infected TN (labeled BV in FIG. 4) cells using Ni**
affinity and anion exchange chromatography. The molecular
weight standards are indicated on the left (My).

[0022] FIG. 5: Autoradiography of the SDS-PAGE show-
ing the complexes formed by crosslinking ‘*°I-labeled CC-
chemokine CCL3/MIP-1 alpha with recombinant ChBP-59-
HIS expressed in HEK293 (HEK) or TNS insect cells (TNS)
protein, with the viral CC-chemokine binding protein (vCCI,
positive control), with crude tick saliva from Rhipicephalus
sanguineus (RSs), or with Bovine Serum Albumin (BSA,
negative control). The unlabeled proteins were added to the
radiolabeled CC-chemokine (***I-CCL3/MIP-lalpha) in
presence (+) or absence (-) of the cross-linking agent (BS?).
The molecular weight standards (in Kd) are indicated on the
left (M).

[0023] FIG. 6: CC-chemokine binding activity of recombi-
nant ChBP-59-HIS purified from baculovirus-infected insect
cells. The inhibitory effect of ChBP-59-HIS was measured by
addition of serial dilutions of the recombinant protein to a
constant amount of a SPA bead-immobilized chemokine
receptor (CCRS) and of radiolabeled CCL5/RANTES (A),
CCL3/MIP-1 alpha (B), or CCL2/MCP-1 (C).

[0024] FIG. 7: Inhibitory effect of ChBP-59-HIS in an
assay measuring CCL3/MIP-1alpha-induced and CCLS5/
RANTES-induced chemotaxis on mouse [.1.2 cells express-
ing the CC-chemokine receptor CCR5. The CC-chemokine
was added at a constant concentration (1.0 nM) in the differ-
ent samples having increasing molar concentration (ex-
pressed in Log) of ChBP-59-HIS. The Fluorescence units are
proportional to the number of migrated cells.

[0025] FIG. 8: Inhibitory effect of ChBP-59-6His on
CCL3/MIP-1a. induced peritoneal recruitment. ChBP-59-
6His was administered s.c. at a dose of 1.5 mg/kg 45 min
before the administration of CCL3/MIP-1ctat 0.15 mg/kg i.p.
After 18 h the mice were sacrificed and the number of cells
recruited into the peritoneal cavity were enumerated.

[0026] FIG. 9: Dose response of the inhibitory effect of
ChBP-6His on CCL3/MIP-1a. induced peritoneal recruit-
ment in two murine strains. ChBP-59-6His was administered
s.c. at various doses 45 min before the administration of
CCL3/MIP-1a at 0.5 mg/kg i.p. After 18 h the number of
granulocytes recruited into the peritoneal cavity were enu-
merated. A) Balb/C B) C57B6 mouse strain.

[0027] FIG. 10: Visualization of the cellular recruitment
process by intravital microscopy. MIP-1a (0.15 mg/kg) or
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ChBP-59 (0.5 mg/kg) and MIP-1c. (0.15 mg/kg) together
were injected intrascrotally. After 1 h, the cremaster muscle
was removed and the circulation was observed with the intra-
vital microscope and recordings were made for off-line analy-
sis. A) Rolling. B) Adhesion. C) Emigration.

[0028] FIG. 11: Inhibitory effect of ChBP-59-6His on Th2
cellular recruitment into the lungs. Mice were sensitized with
2,500 Schistosoma mansoni eggs 1.p. on day 1 and day 7.
Seven days later they were challenged with Schistosoma egg
antigen (SEA) intranasally. Six days later ChBP-6His was
administered s.c. at 0.5 mg/kg 45 min prior to a second SEA
challenge intratracheally, and a second administration of
ChBP-6His at 0.5 mg/kg was given 24 h later. After 48 h BAL
fluid was removed for cellular enumeration. A) total cells. B)
eosinophils. C) mononuclear cells.

[0029] FIG. 12: Inhibitory effect of ChBP-59-6His on oval-
bumin induced lung inflammation. Mice were immunized
twice with ovalbumin in AI(OH); (alum). After 14 d, they
were challenged with a 1% ovalbumin aerosol challenge for
20 min. ChBP-59-6His at 0.5 mg/kg was administered s.c. 45
min prior to the aerosol challenge and subsequently every 12
h. BAL was taken 2 days after the aerosol challenge for
cellular enumeration. A) total cells. B) eosinophils. C) mono-
nuclear cells.

[0030] FIG. 13: Inhibitory effect of ChBP-59-6His on bleo-
mycin induced lung inflammation. Mice were sensitised with
0.125 units of bleomycin intratracheally on day 0. Prior to the
sensitization they were treated with ChBP-59-6His at 0.5
mg/kg s.c. 45 min before the bleomycin administration, and
subsequently with the same dose every 12 h for the following
12 days. The mice that were analysed on day 2 after sensiti-
zation were treated with 3 doses of ChBP-59-6H is. At day 2
or day 8 the BAL was taken for cellular enumeration. A) total
cells. B) eosinophils. C) mononuclear cells.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The present invention provides novel compositions
and methods for regulating chemokine activity. More particu-
larly, the present invention discloses novel protein having
CC-chemokine binding properties, that can be used to inhibit
chemokine action. The examples show that this protein,
derived from tick saliva, can be expressed and purified in
recombinant form, and effectively binds CC-chemokines and
inhibits their action, e.g., the specific chemotactic response of
cells induced by a CC-chemokine.
[0032] A first aspect of the invention thus resides in a
ChBP-59 polypeptide, i.e., any polypeptide comprising the
amino acid sequence of ChBP-59 or of a fragment or analog
thereof. Preferred polypeptides of this invention bind a CC-
chemokine, and inhibits the activity of said the chemokine.
Particular polypeptides of this invention are selected from the
group consisting of’:
[0033] a) a protein comprising an amino acid sequence
of ChBP-59 (SEQ ID NO: 5);
[0034] D) a protein comprising an amino acid sequence
of mature ChBP-59 (SEQ ID NO: 6);
[0035] c) a protein comprising an amino acid sequence
of ChBP-59-HIS (SEQ ID NO: 17);
[0036] d) a protein comprising an amino acid sequence
of mature ChBP-59-HIS (SEQ ID NO: 18);
[0037] e) a protein encoded by a nucleic acid molecule
capable of hybridization to a nucleic acid sequence
encoding a protein of a), b), ¢) or d) under moderately
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stringent conditions, said nucleic acid molecule encod-
ing a protein that binds a CC-chemokine and inhibits the
activity of said chemokine;

[0038] 1) aprotein at least about 70% identical in amino
acid sequence to a protein of a), b), ¢), or d), and that
binds a CC-chemokine and inhibits the activity of said
chemokine;

[0039] g)aprotein comprising a fragment of a protein of
a), b), c), d), e), or f), which fragment retains the ability
to bind a CC-chemokine and inhibit the activity of said
chemokine; and

[0040] h) aprotein comprising a fragment of a protein of
a), b), ¢), d), e), or 1), which fragment has an immuno-
modulatory activity.

[0041] In a preferred embodiment, the protein is selected
from the group consisting of:

[0042] a) a protein having an amino acid sequence of
ChBP-59 (SEQ ID NO: 5);

[0043] b) a protein having an amino acid sequence of
mature ChBP-59 (SEQ ID NO 6);

[0044] c) a protein having an amino acid sequence of
ChBP-59-HIS (SEQ ID NO: 17);

[0045] d) a protein having an amino acid sequence of
mature ChBP-59-HIS (SEQ ID NO: 18);

[0046] e) aprotein comprising a fragment of a protein of
a), b), ¢), or d), which fragment binds a CC~chemokine
and inhibits the activity of said chemokine;

[0047] 1) a protein comprising a fragment of a protein of
a), b), ¢), or d), which fragment has an immunizing
activity when administered to a mammal.

[0048] In another aspect, the invention relates to an active
mutant of a protein defined above, in which mutant one or
more amino acid residues have been added, deleted, or sub-
stituted and which mutant binds a CXC-chemokine and
inhibits the activity of said chemokine.

[0049] The polypeptides of the invention can be in a mature
form, resulting from one or more post-translational modifi-
cations (glycosylation, phosphorylation, modification with
endo-/exopeptidases for eliminating the signal peptide, for
example) or from the in-frame addition of sequence encoding
heterologous sequences (such as tags or domains that
improve the detection and/or the purification). For example,
ChBP-59 has been expressed as a recombinant histidine-
tagged protein in the complete (SEQ ID NO: 17) and mature
form (SEQ ID NO: 18), in both a mammalian and an insect
cell line.

[0050] The polypeptides of this invention or their corre-
sponding nucleic acids may be in isolated form (e.g.. not in
their natural environment), including recombinant or syn-
thetic polypeptides and nucleic acids.

[0051] The examples show that ChBP-59 polypeptides
bind CC-chemokines and can be used to inhibit (e.g., reduce)
their activity. This characterization was performed by making
use of a series of biochemical assays, including the use of
radioactive CC-chemokines, or functional assays including
cell based assays as well as in vivo animal disease models. As
demonstrated in the examples, ChBP-59 polypeptides bind in
particular CC-chemokines such as CCL5/RANTES, CCL3/
MIP-1 alpha, or CCL2/MCP-1, or in general to CC-chemok-
ines that bind CCR1 or CCRS receptors. The ChBP-59 pro-
tein can be considered as a broad spectrum CC-chemokine
binding protein, recognizing other CC-chemokines such as
TARC/CCL17, CCL18/PARC, CCL4/MIP-1 beta, MDC/
CCL22, MCP-3/CCL7, MCP-2/CCL7, and Eotaxin/CCL11,
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albeit with different activities. Such spectrum of activity con-
fer to the ChBP-59 polypeptides of this invention a broad
range of therapeutic utility, as discussed below.

[0052] Within the context of the present invention, a frag-
ment of a polypeptide designates any fragment comprising at
least5,7,7,8,9 or 10 consecutive amino acid residues of said
polypeptide sequence. Particular fragments of this invention
comprise 15, 20, 25 or more amino acid residues of a ChBP-
59 protein as disclosed therein. Preferred fragments retain the
ability to bind a chemokine at least one biological activity of
a full-length protein, e.g., a an immunogenic activity or an
immunomodulatory activity.

[0053] In this regard, within the context of the present
invention, an “immunomodulatory activity” designates any
activity detected in vitro or in vivo that affects the immune
response in either a positive or negative manner. Examples of
such activities are immunizing activities, immunosuppres-
sive activities, anti-inflammatory activities, pro-/anti-apop-
totic activities, or anti-tumoral activities.

[0054] Alternatively the fragment can be identified as pro-
viding an immunizing activity when administered to a mam-
mal. These fragments should have appropriate antigenic,
immunogenic properties for raising an immune response
when needed (for example, against ticks or tick-borne patho-
genic organisms). The literature provides many examples on
how such functional sequences can be identified as candidate
vaccine antigens, and eventually administered with adjuvants
and/or cross-linked to a carrier. (Mulenga A et al. 2000; WO
01/80881; WO 03/030931; WO 01/87270). A specific antigen
or group of antigens identified in ChBP-59 can be used for
preventing or reducing ectoparasite infection or disease in an
animal, so that the immunity ofthe animal to the ectoparasite
is boosted by natural challenge of the animal with the ecto-
parasite (WO 95/22603). Finally, the fragment can be also
used for raising antibodies directed to the entire protein for
screening or diagnostic applications.

[0055] The properties of ChBP-59 defined above, and
exemplified herein using recombinant variants of this
sequence, can be maintained, or even potentiated, in the
active mutants. This category of molecules includes natural or
synthetic analogs of said sequence, wherein one or more
amino acid residues have been added, deleted, or substituted,
provided they display the same biological activity character-
ized in the present invention at comparable or higher levels, as
determined by means disclosed in the Examples below.
[0056] In particular, the term “active” means that such
alternative compounds should maintain, or even potentiate,
the CC-chemokine binding and immunomodulatory propet-
ties of ChBP-59.

[0057] Active mutant molecules can be generated by site-
directed mutagenesis techniques, combinatorial technologies
at the level of encoding DNA sequence (such as DNA shuf-
fling, phage display/selection), or by computer-aided design
studies, or any other known technique suitable thereof, which
provide a finite set of substantially corresponding mutated or
shortened peptides or polypeptides. These alternative mol-
ecules can be routinely obtained and tested by one of ordinary
skill in the art using the teachings presented in the prior art
and in the Examples below.

[0058] In accordance with the present invention, preferred
changes in these active mutants are commonly known as
“conservative” or “safe” substitutions, and involve non-basic
residues. Conservative amino acid substitutions are those
with amino acids having sufficiently similar chemical prop-
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erties, in order to preserve the structure and the biological
function of the molecule. It is clear that insertions and dele-
tions of amino acids may also be made in the above defined
sequences without altering their function, particularly if the
insertions or deletions only involve a few amino acids, e.g.,
under ten, and preferably under three, and do not remove or
displace amino acids which are critical to the functional con-
formation of a protein or a peptide.

[0059] The literature provides many models on which the
selection of conservative amino acids substitutions can be
performed on the basis of statistical and physico-chemical
studies on the sequence and/or the structure of natural protein
(Rogov S Tand Nekrasov A N, 2001). Protein design experi-
ments have shown that the use of specific subsets of amino
acids can produce foldable and active proteins, helping in the
dassification of amino acid “synonymous” substitutions
which can be more easily accommodated in the protein struc-
ture, and which can be used to detect functional and structural
ChBP-59 homologs and paralogs (Murphy L R et al., 2000).
The synonymous amino acid groups and more preferred syn-
onymous groups for the substitutions are those defined in
Table I.

[0060] However, in the context of ChBP-59 sequence, spe-
cific residues may have a particular importance. For example,
ChBP-59 is not significantly homologous to any known pro-
teins but contains a pair number of cysteine residues in the
mature protein, in particular in the position corresponding to
32, 49, 53, 66, 85, 90, 95, and 104 in full length ChBP-59
according to SEQ ID NO: 5. Moreover, ChBP-59 contains
three potential glycosylation sites in the position correspond-
ing to Asparagine 39, 54, and 62 of full length ChBP-59
according to SEQ ID NO: 5. These residues may be important
for the correct folding and/or activity and should be prefer-
ably conserved in the corresponding positions of these alter-
native polypeptides. Alternatively, the deleted or substituted
cysteines or glycosilation sites can be re-established in a
different position of the protein.

[0061] Alternatively, active mutants of ChBP-59 may result
from sequence alterations reducing the immunogenicity of
said CC-chemokine binding protein when administered to a
mammal. The literature provides many examples of these
sequence alterations that can be designed and introduced at
this scope or for other functional optimizations that allow a
safe and effective administration of a therapeutic protein,
especially when it is a non-human, non-mammalian, or non-
natural protein (Schellekens H, 2002). Example of technical
approaches for achieving these molecules are directed evolu-
tion (Vasserot A P et al., 2003), rational design (Marshall S A
et al.,, 2003), bioinformatics (Gendel S M, 2002), the identi-
fication and the neutralization of CD4+ T-cell epitopes (WO
03/104263; WO 03/006047; WO 02/98454; WQ 98/52976;
WO 01/40281), fusion with other protein sequences (WO
02/79415; WO 94/11028), or conjugation with other com-
pounds (WO 96/40792).

[0062] Active ChBP-59-derived sequences can be natural
analogs or orthologs of ChBP-59 that may be isolated from, in
particular, other tick species, in particular those belonging to
the Ixodidae family, and more in particular to the subfamiliy
Rhipicephalinae, to which Rhipicephalus sanguineus
belongs, as well to other subfamilies like Ixodinae (including
Ixodes scapularis and Ixodes ricinus) or Amblyomminae (in-
cluding Amblyomma variegatum and Amblyomma ameri-
canum). Alternatively, orthologs may be identified in mam-
malians, such as man and mouse.
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[0063] Limited information is available on the genome and
the transcriptome of haematophagous arthropods, and is
mostly associated with ribosomal and mitochondrial
sequences, which were studied to determine the phylogenetic
relationships on the basis of their conservation (Murrell A et
al., 2001). Tick genomic data are available only in partial and
preliminary formats (Ullmann A J et al., 2002), but further
analysis of the tick genes encoding CC-chemokine binding
proteins can be performed by using genomic DNA thatcan be
extracted from ixodid ticks by applying specific methods and
conditions (Hill C A and Gutierrez, ] A 2003), in particular for
detecting any significant polymorphism in salivary gland pro-
teins, as already demonstrated (Wang H et al., 1999). The
genomic and protein sequences of these organisms is impor-
tant for understanding their physiology and biology, therefore
providing information useful for understanding the role of the
proteins of the invention in host, parasite, and parasite-born
pathogens relationships (Valenzuela I G, 2002b).

[0064] Thebiochemical and physiological characterization
of the CC-chemokine binding activities described for protein
homologous to ChBP-59 in the present invention can be per-
formed by applying any of the technologies recently
improved for the study of tick and tick-borne pathogens, such
as two-dimensional gel electrophoresis (Madden R D et al.,
2004) or RNA interference (Aljamali M N et al., 2003).
Moreover, further studies can be performed to map the CC-
chemokine recognition site on these proteins and the mecha-
nisms of CC-chemokine antagonism (Seet B T et al., 2001;
Beck C Getal., 2001; Burns J Metal., 2002; Webb L M etal.,
2004) or to identify relevant post-translational modifications
(Alarcon-Chaidez F J et al., 2003).

[0065] Another aspect of the invention are fusion proteins
comprising a ChBP-59 polypeptide as defined above oper-
ably linked to a heterologous domain, €.g., one or more amino
acid sequences which may be chosen amongst the following:
an extracellular domain of a membrane-bound protein,
immunoglobulin constant regions (Fc region), multimeriza-
tion domains, export signals, and tag sequences (such as the
ones helping the purification by affinity: HA tag, Histidine
tag, GST, FLAAG peptides, or MBP).

[0066] In the context of a fusion protein, the expression
“operably linked” indicates that the ChBP-59 polypeptide
and additional amino acid sequences are associated through
peptide linkage(s), either directly or via spacer residues (e.g.,
a linker). In this manner, the fusion protein can be produced
recombinantly, by direct expression in a host cell of a nucleic
acid molecule encoding the same, as will be discussed below.
Also, if needed, the additional amino acid sequences included
in the fusion protein can be eliminated, either at the end of the
production/purification process or in vivo, e.g., by means of
an appropriate endo-/exopeptidase, as will be discussed
below. The heterologous moiety may be operably linked to
either the N- or the C-terminal portion of the ChBP-59
polypeptide.

[0067] The design of the moieties and/or linkers, as well
methods and strategies for the construction, purification,
detection, maturation, and use of fusion proteins are widely
discussed in the literature (Nilsson J et al., 1997; “Applica-
tions of chimeric genes and hybrid proteins” Methods Enzy-
mol. Vol. 326-328, Academic Press, 2000). In general, the
heterologous sequences are intended to provide additional
properties without impairing the therapeutic activity of the
original protein (CC-chemokine binding, for example) in a
significant manner. Examples of such additional properties
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are an easier purification procedure, a longer lasting half-life
in body fluids, an additional binding moiety, the maturation
by means of an endoproteolytic digestion, the stability during
recombinant production, or extracellular localization. This
latter feature is of particular importance for defining a specific
group of fusion or chimeric proteins included in the above
definition since it allows the polypeptides to be localized in
the space where the isolation and purification of these
polypeptides is facilitated, and where CC-chemokines are
normally active.

[0068] The choice of one or more of these sequences to be
fused to a ChBP-59 polypeptide is functional to specific use
and/or purification protocol of said protein as recombinant
protein. For example, the activity of CHBP-59 was tested in
the examples by means of a fusion protein including a histi-
dine tag sequence facilitating both detection and purification
of CHBP-59. These sequences can be chosen amongst the
following three basic groups of heterologous sequences.
[0069] A first group of such sequences consists of
sequences helping the secretion and the purification of the
protein using recombinant DNA technologies, such as a sig-
nal peptide and export signals (Rapoport T A et al., 1996), or
tag sequences helping the purification by affinity (HA tag,
Histidine tag, GST, FLAG, or MBP).

[0070] A second group of heterologous sequences is repre-
sented by those allowing a better stability and bioactivity of
the proteins.

[0071] A typical example of a strategy allowing a pro-
longed half-life of a protein is the fusion with human serum
albumin, or with peptides and other modified sequences (e.g.
by myristoylation) that allow the binding to circulating
human serum albumin, that (Chuang V T et al., 2002;
Graslund T et al., 1997; WO 01/77137). Alternatively, the
additional sequence may help the targeting to specific local-
ization, such as in the brain (WO 03/32913).

[0072] Another way to improve the stability of a recombi-
nant protein when administered to a subject is to generate
multimers of the protein by fusing domains isolated from
other proteins that allows the formation or dimers, trimers,
etc. Examples protein sequences allowing the multimeriza-
tion of the polypeptides of the Invention are domains isolated
from proteins such hCG (WO 97/30161), collagen X (WO
04/33486), C4BP (WO 04/20639), Erb proteins (WO
98/02540), or coiled coil peptides (WO 01/00814).

[0073] A well known example of such fusion proteins is
represented by the constant/Fe region of human immunoglo-
bulin proteins, allowing the dimerization common to human
immunoglobulins. Different strategies for generating fusion
protein comprising a therapeutic protein and an immunoglo-
bulin fragment are disclosed in the literature (WO 91/08298,;
WO 96/08570; WO 93/22332, WO 04/085478; WO
01/03737, WO 02/66514). For example, the nucleic acid
sequence encoding the mature CHBP-59 can be cloned in an
expression vector fused to a nucleic acid sequence encoding
the original CHBP-59 signal sequence (or any other appro-
priate signal /export sequence) at its 5' end, and the nucleic
acid sequence encoding the constant region of human immu-
noglobulin lambda heavy chain IgG1 (NCBI Acc. No.
CAA75302; segment 246-477) at its 3' end. The resulting
vector can be used to transform a CHO or HEK293 host cell
line and the clones stably expressing and secreting the recom-
binant fusion protein having CHBP-59 at the N-terminus and
the IgG1 sequence at the C-terminus can be selected. This
done then can be used for scaling up the production and for
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purifying the recombinant fusion protein from the culture
medium. Alternatively, the position of the nucleic acid encod-
ing the constant region of human immunoglobulin lambda
heavy chain IgG1 and CHBP-59 can be inversed, and the
resulting protein can be expressed and secreted using still the
original signal sequence of CHBP-59, or any other appropri-
ate signal/export sequence. Using these technology it can be
also possible to generate heterodimers if two different con-
structs expressing one CHBP-59-Fc fusion protein and the
other a different Fc-based fusion protein (for example another
CC-chemokine antagonist) are coexpressed in the same host
cell (WO 00/18932).

[0074] A further group of heterologous sequences is repre-
sented by those adding a further functional activity that can
synergise or amplify the ones shown by CHBP-59. These
sequences, which are expected to be either isolated from an
extracellular domain of a membrane-bound protein (such as a
CC-chemokine receptor) or to be present in a secreted pro-
tein, can be active as well as CC-chemokine antagonist, and in
general should have an immunomodulatory activity.

[0075] As mentioned above, the additional sequence
included in the fusion proteins may be eliminated, e.g., at the
end of the production or purification process, or in vivo, if
needed, e.g., by means of an appropriate endo-/exopeptidase.
For example, the linker sequence included in the recombinant
protein may present a recognition site for an endopeptidase
(such as a caspase) that can be used to detach enzymatically
the desired protein from the heterologous sequence either in
vivo or in vitro. Alternatively, if the protein sequence to be
expressed does not contain a starting methionine (for
example, if the sequence encodes for only the mature
sequence of the protein, without the signal peptide), a protein
of the Invention can be expressed correctly in a host cell with
astarting Methionine. This additional amino acid may be then
either maintained in the resulting recombinant protein, or
eliminated by means of an exopeptidase, such as Methionine
Aminopeptidase, according to methods disclosed in the lit-
erature (Van Valkenburgh H A and Kahn R A, 2002; Ben-
Bassat A, 1991).

[0076] Further variants or analogs of the polypeptides of
the invention can be obtained in the form of peptide mimetics
(also called peptidomimetics), in which the nature of peptide
or polypeptide has been chemically modified at the level of
amino acid side chains, of amino acid chirality, and/or of the
peptide backbone. These alterations are intended to provide
antagonists with improved purification, potency and/or phar-
macokinetics features. For example, when the peptide is sus-
ceptible to cleavage by peptidases following injection into the
subject is a problem, replacement of a particularly sensitive
peptide bond with a non-ceavable peptide mimetic can pro-
vide a peptide more stable and thus more useful as a thera-
peutic. Similarly, the replacement of an I.-amino acid residue
is a standard way of rendering the peptide less sensitive to
proteolysis, and finally more similar to organic compounds
other than peptides. Also useful are amino-terminal blocking
groups such as t-butyloxycarbonyl, acetyl, theyl, succinyl,
methoxysuccinyl, suberyl, adipyl, azelayl, dansyl, benzy-
loxycarbonyl, fluorenylmethoxycarbonyl, methoxyazelayl,
methoxyadipyl, methoxysuberyl, and 2.4-dinitrophenyl.
Many other modifications providing increased potency, pro-
longed activity, ease of purification, and/or increased half-life
are known in the art (WO 02/10195; Villain M et al., 2001).
Preferred alternative, “synonymous” groups for amino acid
derivatives included in peptide mimetics are those defined in
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TableII. By “amino acid derivative” is intended an amino acid
or amino acid-like chemical entity other than one of the 20
genetically encoded naturally occurring amino acids. In par-
ticular, the amino acid derivative may contain substituted or
non-substituted alkyl moieties that can be linear, branched, or
cyclic, and may include one or more heteroatoms. The amino
acid derivatives can be made de novo or obtained from com-
mercial sources (Calbiochem-Novabiochem AG, Switzer-
land; Bachem, USA). The techniques for the synthesis and the
development of peptide mimetics, as well as non-peptide
mimetics, are well known in the art (Hruby V J and Balse P M,
2000; Golebiowski A etal., 2001). Various methodologies for
incorporating unnatural amino acids into proteins, using both
in vitro and in vivo translation systems, to probe and/or
improve protein structure and function are also disclosed in
the literature (Dougherty D A, 2000).

[0077] As will be discussed below, the polypeptides of the
invention may be prepared by any procedure known in the art,
including recombinant technologies and chemical synthesis
technologies.

[0078] A further object ofthe invention resides in a nucleic
acid molecule encoding a polypeptide as defined above, i.e.,
a polypeptide comprising the amino acid sequence of ChBP-
59 or of a fragment or analog thereof. Particular a nucleic acid
molecules of this invention are selected from the group con-
sisting of:

[0079] a) a nucleic acid molecule encoding a protein
comprising an amino acid sequence of ChBP-59 (SEQ
ID NO: 5);

[0080] D) a nucleic acid molecule encoding a protein
comprising an amino acid sequence of mature ChBP-59
(SEQID NO: 6);

[0081] c) a nucleic acid molecule encoding a protein
comprising an amino acid sequence of ChBP-59-HIS
(SEQID NO: 17);

[0082] d) a nucleic acid molecule encoding a protein
comprising an amino acid sequence of mature ChBP-
59-HIS (SEQ ID NO: 18);

[0083] e) a nucleic acid molecule capable of hybridiza-
tion to a nucleic acid molecule of a), b), ¢) or d) under
moderately stringent conditions, and which encodes a
protein that binds a CC-chemokine;

[0084] 1) a nucleic acid molecule encoding a protein at
least about 70% identical in amino acid sequence to a
protein of a), b), ¢), or d), and that binds a CC-chemok-
ine;

[0085] g) a nucleic acid molecule encoding a protein
comprising a fragment of a protein encoded by a nucleic
acid molecule of a), b), ¢), d), ), or f), which fragment
binds a CC-chemokine; and

[0086] h)adegenerate variant of a nucleic acid molecule
ofa),b), ¢), d), e), ) or g).

[0087] In particular, the nucleic acid molecule encodes a
protein selected from the group consisting of:

[0088] a) a protein having an amino acid sequence of
ChBP-59 (SEQ 1D NO: 5);

[0089] b) a protein having an amino acid sequence of
mature ChBP-59 (SEQ ID NO 6);

[0090] c¢) a protein having an amino acid sequence of
ChBP-59-HIS (SEQ ID NO: 17);

[0091] d) a protein having an amino acid sequence of
mature ChBP-59-HIS (SEQ ID NO: 18);

[0092] e)aprotein comprising a fragment of a protein of
a), b), ¢), or d), which fragment binds a CC-chemokine;
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[0093] ) a protein comprising a fragment of a protein of
a), b), ¢), or d), which fragment has an immunomodula-
tory activity;

[0094] g)an active mutant of a protein of a), b), ¢), or d),
in which mutant one or more amino acid residues have
been added, deleted, or substituted and which mutant
binds a CC-chemokine; and

[0095] h) a fusion protein, which fusion protein com-
prises a protein of a), b). ¢), d), e), f), or g) operably
linked to one or more amino acid sequences chosen
amongst the following: an extracellular domain of a
membrane-bound protein, an immunoglobulin constant
region, a multimerization domain, a signal peptide, an
export signal, and a tag sequence.

[0096] Within the context of the present invention, a
“degenerate variant” designates all nucleic acid sequences
that, by virtue of the degeneracy of the genetic code, code for
the same amino acid sequence as a reference nucleic acid.
[0097] Furthermore, the term “nucleic acid molecule”
encompasses all different types of nucleic acids, including
without limitation deoxyribonucleic acids (e.g., DNA,
c¢DNA, gDNA, synthetic DNA, etc.), ribonucleic acids (e.g.,
RNA, mRNA, etc.) and peptide nucleic acids (PNA). In a
preferred embodiment, the nucleic acid molecule is a DNA
molecule, such as a double-stranded DNA molecule, typi-
cally a cDNA.

[0098] If the main aspects are directed to the DNA and
protein sequences of ChBP-59 disclosed in the examples,
specific embodiments include a series of ChBP-59-related
sequences, such as DNA or RNA sequences capable of
hybridizing under moderately stringent conditions (prewash-
ing solution of 5xSSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0)
and hybridization conditions of 50° C., 5xSSC, overnight) to
the DNA sequences encoding ChBP-59, and that code for a
CC-chemokine binding protein.

[0099] Forexample, the Invention provides the sequence of
the cDNA of Rhipicephalus sanguineus expressing ChBP-59
(SEQ ID NO: 3), the associated Open Reading Frame (ORF;
SEQ ID NO: 4), a modified ¢cDNA sequence allowing the
expression of ChBP-59 as a recombinant protein fused to an
histidine tag in mammalian or insect host cells (SEQ ID NO:
15), and the associated ORF (SEQ ID NO: 16),

[0100] In other preferred embodiments the ChBP-59-re-
lated sequences are DNA molecules encoding proteins that
are at least about 70%, preferably 80%, and most preferably
90% identical in amino acid sequence to ChBP-59. This value
can be calculated with any of the dedicated programs, such as
FASTA (Pearson W R, 2000), and, for fragment or partial
sequences, it is calculated on that portion of ChBP-59 that is
present in the fragment.

[0101] Another preferred embodiment is an oligonucle-
otide that comprises a fragment of, or that hybridizes specifi-
cally to aregion of the sequence of a nucleic acid molecule as
defined above. Such oligonucleotides typically contain
between 5 and 100 nucleotides in length, and can be selected
e.g., from the group consisting of oligonucleotides of at least
about 20 nucleotides in length, oligonucleotides of at least
about 30 nucleotides in length, and oligonucleotides of at
least about 50 nucleotides in length. These oligonucleotides
can be used for detecting (by PCR or Southern blot, for
example) the non-/coding sequences in transcripts encoding
ChBP-59 and related sequences in a sample, or for generating
and subcloning recombinant variants of ChBP-59, as shown
in the example for the 3' end of the primers used for subclon-
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ing and modifying ChBP-59 coding sequence as a histidine
tagged variant (59-attB1 forward and 59-attB2 reverse; SEQ
IDNO: 7 and 8).
[0102] In a further aspect, the nucleic acid molecules
defined above can be comprised in a cloning or expression
vector. In this regard, a particular object of this invention
resides in an expression vector comprising a promoter oper-
ably associated to a nucleic acid molecule as defined above, in
particular a tissue specific, constitutive promoter or regulated
(e.g., inducible) promoter. The vector may comprise any
additional regulatory element, such as a terminator, enhancer,
origin of replication, selection marker, etc. The vector may be
aplasmid, cosmid, viral vector, phage, artificial chromosome,
and the like.
[0103] In a particular embodiment, this vector can com-
prise:

[0104] a)a DNA of the invention; and

[0105] b) an expression cassette;
[0106] wherein said DNA (a) is operably associated with a
tissue specific, a constitutive, or an inducible promoter
included in sequence (b).
[0107] Optionally, if the coding nucleic acid (i.e., sequence
(a)) does not contain a codon for a starting methionine (for
example, if this sequence encodes for only the mature
sequence of the protein, without the signal peptide) the vector
or expression cassette may also contain an ATG sequence that
is cloned in 3' to such sequence so that it can be expressed
correctly with a starting Methionine. This additional amino
acid may be then either maintained in the resulting recombi-
nant protein, or eliminated by means of an enzyme, such as
Methionine Aminopeptidase, according to methods disclosed
in the literature (Van Valkenburgh H A and Kahn R A, 2002,
Ben-Bassat A, 1991).
[0108] This vector may allow the expression of the proteins
of the Invention not only in the condition of tissue culture but
also in vivo, for either experimental or therapeutic reasons.
For example, cells overexpressing the protein of the Invention
can be transferred (e.g. encapsulated) in an animal model to
check the physiological effects of the constant administration
of the protein, and eventually before applying the cells to
humans. Alternatively, the vector can be used for retrovirus-
mediated gene transfer, or any other technology allowing the
introduction and the expression of a vector or of the isolated
DNA coding sequence in animal under the control of an
endogenous promoter. This approach allows the generation of
transgenic non-human animals in which the proteins of the
Invention are expressed constitutively or in a regulated man-
ner (e.g. in specific tissues and/or following the induction
with specific compounds). Similar approaches were applied
10 other non-mammalian chemokine-binding protein, show-
ing various developmental and pathological effects (Jensen K
Keetal., 2003; Pyo R et al., 2004; Bursill C A et al., 2004).
[0109] Another object of the Invention are host cells trans-
formed or transfected with a cloning or expression vector
above indicated. These vectors can be used in a process of
preparation of the polypeptides of the Invention. In this
respect, an object of the invention is a method of preparing a
ChBP-598 polypeptide as defined above, comprising cultur-
ing recombinant cells as defined above under conditions
allowing or promoting expression and recovering the ChBP-
59 polypeptide. When the vector expresses the polypeptide as
aprotein secreted in the extracellular space, the protein can be
more easily collected and purified from cultured cells in view
of further processing.
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[0110] Many books and reviews provides teachings on how
to clone and produce recombinant proteins using vectors and
Prokaryotic or Eukaryotic host cells, such as some titles in the
series “A Practical Approach” published by Oxford Univer-
sity Press (“DNA Cloning 2: Expression Systems”, 1995;
“DNA Cloning 4: Mammalian Systems”, 1996; “Protein
Expression”, 1999; “Protein Purification Techniques”, 2001).
In particular, the examples show how, once that the DNA
sequence encoding for ChBP-59 has been identified by
screening the Rhipicephalus sanguineus cDNA library, the
ORF can be adapted, modified, and inserted into expression
vectors for obtaining the corresponding recombinant protein.

[0111] In general, the vectors can be episomal or non-/
homologously integrating vectors, which can be introduced
in the appropriate host cells by any suitable means (transfor-
mation, transfection, conjugation, protoplast fusion, elec-
troporation, calcium phosphate-precipitation, direct microin-
jection, etc.) to transform them. Factors of importance in
selecting a particular plasmid, viral, or retroviral vector
include: the ease with which recipient cells that contain the
vector, may be recognized and selected from those recipient
cells which do not contain the vector; the number of copies of
the vector which are desired in a particular host; and whether
it is desirable to be able to “shuttle” the vector between host
cells of different species. The vectors should allow the expres-
sion of the isolated proteins of the invention, or the fusion
proteins comprising them in the prokaryotic or Eukaryotic
host cell under the control of appropriate transcriptional ini-
tiation/termination regulatory sequences, which are chosento
be constitutively active or inducible in said cell. A cell line
substantially enriched in such cells can be then isolated to
provide a stable cell line (as shown in the example with
HEK293 and TNS cell lines).

[0112] For Eukaryotic host cells (e.g. yeasts, insect or
mammalian cells), different transcriptional and translational
regulatory sequences may be employed, depending on the
nature of the host. They may be derived form viral sources,
such as adenovirus, bovine papilloma virus, Simian virus or
the like, where the regulatory signals are associated with a
particular gene which has a high level of expression.
Examples are the TK promoter of the Herpes virus, the SV40
early promoter, the yeast gal4 gene promoter, etc. Transcrip-
tional initiation regulatory signals may be selected which
allow for repression and activation, so that expression of the
genes can be modulated. The cells which have been stably
transformed by the introduced DNA can be selected by also
introducing one or more markers which allow for selection of
host cells which contain the expression vector. The marker
may also provide for phototrophy to an auxotropic host, bio-
cide resistance, e.g. antibiotics, or heavy metals such as cop-
per, or the like. The selectable marker gene can either be
directly linked to the DNA gene sequences to be expressed, or
introduced into the same cell by co-transfection. Additional
elements may also be needed for optimal synthesis of proteins
of the invention.

[0113] Host cells for recombinant production may be either
Prokaryotic or Eukaryotic cells. Particularly suitable
Prokaryotic cells include bacteria (such as Bacillus subtilis or
E. coli) transformed with a recombinant bacteriophage, plas-
mid or cosmid DNA expression vectors. Preferred are
Eukaryotic host cells, e.g. mammalian cells, such as human,
monkey, mouse, and Chinese Hamster Ovary (CHO) cells,
because they provide post-translational modifications to pro-
tein molecules, including correct folding or glycosylation at
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correct sites. Alternative Eukaryotic host cells are yeast cells
transformed with yeast expression vectors Also yeast cells
can carry out post-translational peptide modifications includ-
ing glycosylation. A number of recombinant DNA strategies
exist which utilize strong promoter sequences and high copy
number of plasmids that can be utilized for production of the
desired proteins in yeast. Yeast recognizes leader sequences
in cloned mammalian gene products and secretes peptides
bearing leader sequences (i.e., pre-peptides).

[0114] For long-term, high-yield production of a recombi-
nant polypeptide, stable expression is preferred. For example,
cell lines which stably express the polypeptide of interest may
be transformed using expression vectors which may contain
viral origins of replication and/or endogenous expression
elements and a selectable marker gene on the same or on a
separate vector. Following the introduction ofthe vector, cells
may be allowed to grow for 1-2 days in an enriched media
before they are switched to selective media. The purpose of
the selectable marker is to confer resistance to selection, and
its presence allows growth and recovery of cells that success-
fully express the introduced sequences. Resistant clones of
stably transformed cells may be proliferated using tissue cul-
ture techniques appropriate to the cell type. A cell line sub-
stantially enriched in such cells can be then isolated to pro-
vide a stable cell line.

[0115] A particularly preferred method of high-yield pro-
duction of a recombinant polypeptide of the present invention
1s through the use of dihydrofolate reductase (DHFR) ampli-
fication in DHFR-deficient CHO cells, by the use of succes-
sively increasing levels of methotrexate as described in U.S.
Pat. No. 4,889,803. The polypeptide obtained may be in a
glycosylated form.

[0116] Mammalian cell lines available as hosts for expres-
sion are known in the art and include many immortalised cell
lines available from the American Type Culture Collection
(ATCC) including, but not limited to, Chinese hamster ovary
(CHO), HelLa, baby hamster kidney (BHK), monkey kidney
(COS), C127, 3T3, BHK, HEK 293, Bowes melanoma and
human hepatocellular carcinoma (for example Hep G2) cells
and a number of other cell lines. In the baculovirus system,
the materials for baculovirus/insect cell expression systems
are commercially available in kit form from, inter alia, Invit-
rogen.

[0117] Alternatively, the polypeptides of this invention
may be prepared by artificial synthesis. In this regard,
examples of chemical synthesis technologies are solid phase
synthesis and liquid phase synthesis. As a solid phase synthe-
sis, for example, the amino acid corresponding to the car-
boxy-terminus of the peptide to be synthetised is bound to a
support which is insoluble in organic solvents, and by alter-
nate repetition of reactions, one wherein amino acids with
theiramino groups and side chain functional groups protected
with appropriate protective groups are condensed one by one
in order from the carboxy-terminus to the amino-terminus,
and one where the amino acids bound to the resin or the
protective group of the amino groups of the peptides are
released, the peptide chain is thus extended in this manner.
Solid phase synthesis methods are largely classified by the
tBoc method and the Fmoc method, depending on the type of
protective group used. Typically used protective groups
include tBoc (t-butoxycarbonyl), Cl-Z (2-chlorobenzyloxy-
carbonyl), Br-Z (2-bromobenzyloxycarbonyl), Bzl (benzyl),
Fmoc (9-fluorenylmethoxycarbonyl), Mbh (4,4'-dimethoxy-
dibenzhydryl), Mtr (4-methoxy-2,3,6-trimethylbenzene-
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sulphonyl), Trt (trityl), Tos (tosyl), Z (benzyloxycarbonyl)
and C12-Bzl (2,6-dichlorobenzyl) for the amino groups; NO2
(nitro) and Pmc (2,2,5,7,8-pentamethylchromane-6-sulpho-
nyl) for the guanidino groups); and tBu (t-butyl) for the
hydroxyl groups). After synthesis of the desired polypeptide,
it is subjected to the de-protection reaction and cut off from
the solid support. Such peptide cutting reaction may be car-
ried with hydrogen fluoride or tri-fluoromethane sulfonic acid
for the Boc method, and with TFA for the Fmoc method.
Totally synthetic proteins of size comparable to that of ChBP-
59 are disclosed in the literature (Brown A et al., 1996).
[0118] The polypeptides of the present invention can be
produced, formulated, administered, or generically used in
other alternative forms that can be preferred according to the
desired method of use and/or production. The protein of the
invention can be post-translationally modified, for example
by glycosylation as shown in the examples.

[0119] In general the protein of the invention can be pro-
vided in the form of active fractions, precursors, salts, deriva-
tives, conjugates or complexes.

[0120] As indicated above, the term “active” or “biologi-
cally active” means that such alternative compounds should
maintain, or even potentiate, the CC-chemokine binding and/
or immunomodulatory properties of ChBP-59.

[0121] The term “fraction” refers to any fragment of the
polypeptidic chain of the compound itself, alone or in com-
bination with related molecules or residues bound to it, for
example residues of sugars or phosphates. Such molecules
can result also from other modifications that do not normally
alter primary sequence, for example in vitro chemical deriva-
tization of peptides (acetylation or carboxylation), and those
made by modifying the protein post-translationally. such as
by phosphorylation (introduction of phosphotyrosine, phos-
phoserine, or phosphothreonine residues) or by glycosylation
(by exposing the peptide to enzymes which affect glycosyla-
tion e.g., mammalian glycosylating or deglycosylating
enzymes) during its synthesis and/or in further processing
steps. In particular, ChBP-59 has been characterized in tick
saliva and in both recombinant forms disclosed herein as
being more or less heavily glycosylated. This modification
may be performed in vitro, by using the appropriate modify-
ing enzyme, or in vitro, by choosing the appropriate host cells
for recombinant production.

[0122] The “precursors” are compounds which can be con-
verted into the compounds of present invention by metabolic
and enzymatic processing prior or after the administration to
the cells or to the body.

[0123] The term “salts” herein refers to both salts of car-
boxyl groups and to acid addition salts of amino groups of the
peptides, polypeptides, or analogs thereof, of the present
invention. Salts of a carboxyl group may be formed by means
known in the art and include inorganic salts, for example,
sodium, calcium, ammonium, ferric or zinc salts, and the like,
and salts with organic bases as those formed, for example,
with amines, such as triethanolamine, arginine or lysine, pip-
eridine, procaine and the like. Acid addition salts include, for
example, salts with mineral acids such as, for example, hydro-
chloric acid or sulfuric acid, and salts with organic acids such
as, for example, acetic acid or oxalic acid. Any of such salts
should have substantially similar activity to the peptides and
polypeptides of the invention or their analogs.

[0124] The term “derivatives” as used herein refers to
derivatives that can be prepared from the functional groups
present on the lateral chains of the amino acid moieties or on
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the amino-/ or carboxy-terminal groups according to known
methods. Such derivatives include for example esters or ali-
phatic amides of the carboxyl-groups and N-acyl derivatives
of free amino groups or O-acyl derivatives of free hydroxyl-
groups and are formed with acyl-groups as for example alca-
noyl- or aroyl-groups.

[0125] The proteins of the Invention can be in the form of
active conjugate or complex with a molecule chosen amongst
radioactive labels, biotin, fluorescent labels, cytotoxic agents,
and drug delivery agents. Useful conjugates or complexes can
be generated, using molecules and methods known in the art,
for various reasons, for example for allowing the detection of
the interaction with CC-chemokines or other proteins (radio-
active or fluorescent labels, biotin), therapeutic efficacy (cy-
totoxic agents), or improving the agents in terms of drug
delivery efficacy, such as polyethylene glycol and other natu-
ral or synthetic polymers (Harris ] M and Chess R B, 2003;
Greenwald R B et al., 2003; Pillai O and Panchagnula R,
2001).

[0126] These ChBP-59-derived compounds may be pro-
duced following a site-directed modification of an appropri-
ate residue, in an internal or terminal position. Residues can
be used for attachment, provided they have a side-chain ame-
nable for polymer attachment (i.e., the side chain of an amino
acid bearing a functional group, e.g., lysine, aspartic acid,
glutamic acid, cysteine, histidine, etc.). Alternatively, a resi-
due at these sites can be replaced with a different amino acid
having a side chain amenable for polymer attachment.
[0127] Forexample, an additional Cysteine allowing direct
PEGylation can be added at the N- or C-terminus of the
mature protein sequence by recombinant DNA technologies
or enzimatically. Alternatively, the Cysteine may be included
in the protein by the substitution of a residue, for example in
correspondence of a glycosylation site.

[0128] Moreover, the side chains of the genetically encoded
amino acids can be chemically modified for polymer attach-
ment, or unnatural amino acids with appropriate side chain
functional groups can be employed. Polymer attachment may
be not only to the side chain of the amino acid naturally
occurring in a specific position of the antagonist or to the side
chain of a natural or unnatural amino acid that replaces the
amino acid naturally occurring in a specific position of the
antagonist, but also to a carbohydrate or other moiety that is
attached to the side chain of the amino acid at the target
position.

[0129] Polymers suitable for these purposes are biocompat-
ible, namely, they are non-toxic to biological systems, and
many such polymers are known. Such polymers may be
hydrophobic or hydrophilic in nature, biodegradable, non-
biodegradable, or a combination thereof. These polymers
include natural polymers (such as collagen, gelatin, cellulose,
hyaluronic acid), as well as synthetic polymers (such as poly-
esters, polyorthoesters, polyanhydrides). Examples of hydro-
phobic non-degradable polymers include polydimethyl silox-
anes, polyurethanes, polytetrafluoroethylenes,
polyethylenes, polyvinyl chlorides, and polymethyl meth-
aerylates. Examples of hydrophilic non-degradable polymers
include poly(2-hydroxyethyl methacrylate), polyvinyl alco-
hol, poly(N-vinyl pyrrolidone), polyalkylenes, polyacryla-
mide, and copolymers thereof. Preferred polymers comprise
as a sequential repeat unit ethylene oxide, such as polyethyl-
ene glycol (PEG).

[0130] The preferred method of attachment employs a
combination of peptide synthesis and chemical ligation.
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Advantageously, the attachment of a water-soluble polymer
will be through a biodegradable linker, especially at the
amino-terminal region of a protein. Such modification acts to
provide the protein in a precursor (or “pro-drug”) form, that,
upon degradation of the linker releases the protein without
polymer modification.

[0131] In another aspect the present invention relates to
antibodies that selectively bind the proteins of the invention.
[0132] The term “antibody” as used herein encompasses
monoclonal and polyclonal antibodies, chimeric, humanized,
fully human, bispecific or multispecific antibodies as well as
fragments thereof such as single chain antibodies (scFv) or
domain antibodies, as further explained below.

[0133] Within the context of this invention, the term “selec-
tive” binding indicates that the antibodies preferentially bind
the target polypeptide or epitope, i.e., with a higher affinity
than any binding to any other antigen or epitope. In other
words, binding to the target polypeptide can be discriminated
from non-specific binding to other antigens. It is preferred
that the antibodies according to the present invention exhibit
binding affinity (Ka) to the target polypeptide or epitope of
10° M~ or greater, preferably 10’ M~ or greater, more pref-
erably 10° M™" or greater and most preferably 10° M~ or
greater. The binding affinity of an antibody can be readily
determined by one of ordinary skill in the art, for example, by
Scatchard analysis (Scatchard G., 1949).

[0134] Antibodies of this invention may be monoclonal or
polyclonal antibodies, or fragments or derivative thereof hav-
ing substantially the same antigen specificity.

[0135] Methods of preparing polyclonal antibodies from
various species, including rodents, primates and horses, have
been described for instance in Vaitukaitis et al (1971). Poly-
clonal antibodies can be raised in a mammal, for example, by
one or more injections of an immunizing agent and, if desired,
an adjuvant. Typically. the immunizing agent and/or adjuvant
will be injected in the mammal by multiple subcutaneous or
intraperitoneal injections. The immunizing agent may
include the polypeptide of SEQIDNO 5, 6. 17, 18 or a variant
as described hereabove or a fusion protein thereof. It may be
useful to conjugate the immunizing agent to a protein known
to be immunogenic in the mammal being immunized.
Examples of such immunogenic proteins include but are not
limited to keyhole limpet hemocyanin, serum albumin,
bovine thyroglobulin, and soybean trypsin inhibitor.
Examples of adjuvants which may be employed include Fre-
und’s complete adjuvant and MPL-TDM adjuvant (mono-
phosphoryl Lipid A, synthetic trehalose dicorynomycolate).
Repeated injections may be performed. Blood samples are
collected and immunoglobulins or serum are separated.
[0136] The antibodies may, alternatively, be monoclonal
antibodies. The term “monoclonal antibody” as used herein
refers to an antibody obtained from a population of substan-
tially homogeneous antibodies, i.¢., the individual antibodies
comprising the population are identical except for possible
naturally occurring mutations that may be present in minor
amounts. Monoclonal antibodies are highly specific, being
directed against a single antigenic site. The modifier “mono-
clonal” indicates the character of the antibody as being
obtained from a substantially homogeneous population of
antibodies, and is not to be construed as requiring production
of the antibody by any particular method.

[0137] Methods of producing monoclonal antibodies may
be found, for instance, in Kohler et al (Nature 256 (1975)
495), incorporated therein by reference.
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[0138] Inahybridoma method, a mouse, hamster, or other
appropriate host animal, is typically immunized with an
immunizing agent (the immunizing agent will typically
include the polypeptide of SEQ ID NO: 5, 6, 17, 18 or a
variant as described hereabove or a fusion protein thereof) to
elicit lymphocytes that produce or are capable of producing
antibodies that will specifically bind to the immunizing agent.
Alternatively, the lymphocytes may be immunized in vitro.
Generally, either peripheral blood lymphocytes (“PBLs”) are
used if cells of human origin are desired, or spleen cells or
lymph node cells are used if non-human mammalian sources
are desired. The lymphocytes are then fused with an immor-
talized cell line using a suitable fusing agent, such as poly-
ethylene glycol, to form a hybridoma cell (Goding 1986).
Immortalized cell lines are usually transformed mammalian
cells, particularly myeloma cells of rodent, bovine and human
origin. Usually, rat or mouse myeloma cell lines are
employed. The hybridoma cells may be cultured in a suitable
culture medium that preferably contains one or more sub-
stances that inhibit the growth or survival of the unfused,
immortalized cells. For example, if the parental cells lack the
enzyme hypoxanthine guanine phosphoribosyl transferase
(HGPRT or HPRT), the culture medium for the hybridomas
typically will include hypoxanthine, aminopterin, and thymi-
dine (“HAT medium™), which substances prevent the growth
of HGPRT-deficient cells. Preferred immortalized cell lines
are those that fuse efficiently, support stable high level expres-
sion of antibody by the selected antibody-producing cells,
and are sensitive to a medium such as HAT medium. More
preferred immortalized cell lines are murine myeloma lines,
which can be obtained, for instance, from the Salk Institute
Cell Distribution Center, San Diego, Calif. and the American
Type Culture Collection, Manassas, Va. Human myeloma and
mouse-human heteromyeloma cell lines also have been
described for the production of human monoclonal antibod-
ies.

[0139] The culture medium in which the hybridoma cells
are cultured can then be assayed for the presence of mono-
clonal antibodies directed against the immunizing peptide.
Preferably, the binding specificity of monoclonal antibodies
produced by the hybridoma cells is determined by immuno-
precipitation or by an in vitro binding assay, such as radioim-
munoassay (RIA) or enzyme-linked immunoabsorbent assay
(ELISA). Such techniques and assays are known in the art.
[0140] After the desired hybridoma cells are identified, the
clones may be subcloned by limiting dilution procedures and
grown by standard methods (Goding, supra). Suitable culture
media for this purpose include, for example, Dulbecco’s
Modified Eagle’s Medium and RPMI-1640 medium. Alter-
natively, the hybridoma cells may be grown in vivo as ascites
in a mammal.

[0141] The monoclonal antibodies secreted by the sub-
clones may be isolated or purified from the culture medium or
ascites fluid by conventional immunoglobulin purification
procedures such as, for example, protein A-Sepharose,
hydroxylapatite chromatography, gel electrophoresis, dialy-
sis, or affinity chromatography.

[0142] The monoclonal antibodies may also be made by
recombinant DNA methods, such as those described in U.S.
Pat. No. 4,816,567. DNA encoding the monoclonal antibod-
ies of the invention can be readily isolated and sequenced
using conventional procedures (e.g., by using oligonucleotide
probes that are capable of binding specifically to genes
encoding the heavy and light chains of murine antibodies).
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The hybridoma cells of the invention serve as a preferred
source of such DNA. Once isolated, the DNA may be placed
into expression vectors, which are then transfected into host
cells such as simian COS cells, Chinese hamster ovary (CHO)
cells, or myeloma cells that do not otherwise produce immu-
noglobulin protein, to obtain the synthesis of monoclonal
antibodies in the recombinant host cells.

[0143] The “monoclonal antibodies” may also be isolated
from phage antibody libraries using the techniques described
in Clackson et al., 1991 and Marks et al, 1991.

[0144] The antibodies may be monovalent antibodies.
Methods for preparing monovalent antibodies are well known
in the art. For example, one method involves recombinant
expression of immunoglobulin light chain and modified
heavy chain. The heavy chain is truncated generally at any
point in the Fc region so as to prevent heavy chain crosslink-
ing. Alternatively, the relevant cysteine residues are substi-
tuted with another amino acid residue or are deleted so as to
prevent crosslinking.

[0145] In vitro methods are also suitable for preparing
monovalent antibodies. Digestion of antibodies to produce
fragments thereof, particularly, Fab fragments, can be accom-
plished using routine techniques known in the art.

[0146] Antibodies may also be produced by selection of
combinatorial libraries of immunoglobulins, as disclosed for
instance in Ward et al (1989).

[0147] The antibodies of the invention may further com-
prise humanized antibodies or human antibodies. Humanized
forms of non-human (e.g., murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments
thereof (such as Fv, Fab, Fab', F(ab")2 or other antigen-bind-
ing subsequences of antibodies) which contain minimal
sequence derived from non-human immunoglobulin.
Humanized antibodies include human immunoglobulins (re-
cipient antibody) in which residues from a complementary
determining region (CDR) of the recipient are replaced by
residues from a CDR of non-human species (donor antibody)
such as mouse, rat or rabbit having the desired specificity,
affinity and capacity. In some instances, Fv framework resi-
dues of the human immunoglobulin are replaced by corre-
sponding non-human residues.

[0148] Methods for humanizing non-human antibodies are
well known in the art. Humanization can be essentially per-
formed following the method of Winter and co-workers
(Jones et al., Nature, 321:522-525 (1986)), by substituting
rodent CDRs or CDR sequences for the corresponding
sequences of a human antibody. Accordingly, such “human-
ized” antibodies are chimeric antibodies (U.S. Pat. No. 4,816,
567), wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence
from a non-human species.

[0149] Human antibodies can also be produced using vari-
ous techniques known in the art, including phage display
libraries (Hoogenboom and Winter, (1991). Similarly, human
antibodies can be made by the introducing of human immu-
noglobulin loci into transgenic animals, e.g., mice in which
the endogenous immunoglobulin genes have been partially or
completely inactivated. Upon challenge, human antibody
production is observed, which closely resembles that seen in
humans in all respects, including gene rearrangement, assem-
bly, and antibody repertoire. This approach is described, for
example, in U.S. Pat. Nos. 5,545,807; 5,545,806 5,569,825,
5,625,126; 5,633,425; 5,661,016
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[0150] The invention also pertains to immunoconjugates
comprising an antibody conjugated to heterologous moieties,
such as cytotoxic agents, labels, drugs or other therapeutic
agents, covalently bound or not, either directly or through the
use of coupling agents or linkers. Cytotoxic agent include
chemotherapeutic agent, toxin (e.g., an enzymatically active
toxin of bacterial, fungal, plant, or animal origin, or fragments
thereof), or a radioactive isotope (i.e., a radioconjugate).
[0151] Enzymatically active toxins and fragments thereof
that can be used include diphtheria A chain, nonbinding active
fragments of diphtheria toxin, exotoxin A chain (from
Pseudomonas aeruginosa), ricin A chain, abrin A chain,
modeccin A chain, alpha-sarcin, Aleurites fordii proteins,
dianthin proteins, Phytolaca americana proteins (PAPI
PAPII, and PAP-S), momordica charantia inhibitor, curcin,
crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin,
restrictocin, phenomycein, enomycin, and the tricothecenes. A
variety of radionuclides are available for the production of
radioconjugated antibodies. Examples include ***Bi, "I,
Blln, QOY, and '*Re.

[0152] In another embodiment, the antibody may be con-
Jugated to a “receptor” (such as streptavidin) for utilization in
tumor pretargeting wherein the antibody-receptor conjugate
is administered to the patient, followed by removal of
unbound conjugate from the circulation using a clearing
agent and then administration of a “ligand” (e.g., avidin) that
is conjugated to a cytotoxic agent (e.g., a radionucleotide).
[0153] Moreover, antibodies or antibody fragments of the
present invention can be PEGylated using methods in the art
and described herein. The antibodies disclosed herein may
also be formulated as immunoliposomes. Liposomes with
enhanced circulation time are disclosed in U.S. Pat. No.
5,013,556.

[0154] Theinvention also pertains to “Antibody fragments”
which comprise a portion of an intact antibody, preferably the
antigen binding or variable region of the intact antibody.
Examples of antibody fragments include Fab, Fab', F(ab")2,
and Fv fragments; diabodies; linear antibodies; single-chain
antibody molecules; monobodies; diabodies; camelized
monobodies; domain antibodies and multispecific antibodies
formed from antibody fragments.

[0155] “Fv”is the minimum antibody fragment which con-
tains a complete antigen-recognition and -binding site. This
region consists of a dimer of one heavy- and one light-chain
variable domain in tight, non-covalent association. It is in this
configuration that the three CDRs of each variable domain
interact to define an antigen-binding site on the surface of the
VH-VL dimer. Collectively, the six CDRs confer antigen-
binding specificity to the antibody. However, even a single
variable domain (orhalfof an Fv comprising only three CDRs
specific for an antigen) has the ability to recognize and bind
antigen, although at a lower affinity than the entire binding
site.

[0156] TheFab fragment also contains the constant domain
of the light chain and the first constant domain (CH1) of the
heavy chain. Fab fragments differ from Fab' fragments by the
addition of a few residues at the carboxy terminus of the
heavy chain CH1 domain including one or more cysteines
from the antibody hinge region. Fab'-SH is the designation
herein for Fab' in which the cysteine residue(s) of the constant
domains bear a free thiol group. F(ab")2 antibody fragments
originally were produced as pairs of Fab' fragments which
have hinge cysteines between them. Other chemical cou-
plings of antibody fragments are also known. The “light
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chains” of antibodies (immunoglobulins) from any vertebrate
species can be assigned to one of two clearly distinct types,
called kappa and lambda, based on the amino acid sequences
of their constant domains.

[0157] “Single-chain antibody molecules” are fragments of
an antibody comprising the VH and VL domains of said
antibody, wherein these domains are present in a single
polypeptide chain. Preferably, the Fv polypeptide further
comprises a polypeptide linker between the VH and VL
domains which enables the single-chain antibody molecule to
form the desired structure for antigen binding.

[0158] The term “diabodies” refers to small antibody frag-
ments with two antigen-binding sites, which fragments com-
prise a heavy-chain variable domain (VH) connected to a
light-chain variable domain (VL) in the same polypeptide
chain (VH-VL). By using a linker that is too short to allow
pairing between the two domains on the same chain, the
domains are forced to pair with the complementary domains
of another chain and create two antigen-binding sites. Dia-
bodies are described more fully in, for example, EP 404,097,
WO 93/11161.

[0159] The term “monobody” as used herein, refers to an
antigen binding molecule with a heavy chain variable domain
and no light chain variable domain. A monobody can bind to
an antigen in the absence of light chains and typically has
three CDR regions designated CDRHI1, CDRH2 and
CDRH3. A heavy chain IgG monobody has two heavy chain
antigen binding molecules connected by a disulfide bond. The
heavy chain variable domain comprises one or more CDR
regions, preferably a CDRH3 region.

[0160] A “camelized monobody” refers to a monobody or
antigen binding portion thereof obtained from a source ani-
mal of the camelid family, including animals with feet with
two toes and leathery soles. Animals in the camelid family
include camels, llamas, to and alpacas. It has been reported
that camels (Camelus dromedaries and Camelus bactrianus)
often lack variable light chain domains when IgG-like mate-
rial from their serum is analyzed, suggesting that sufficient
antibody specificity and affinity can be derived from VH
domains (three CDR loops) alone.

[0161] Also included into the invention are single domain
antibodies. Single domain antibodies, also called domain
antibodies or dAbs, are the smallest functional binding units
of antibodies, corresponding to the variable regions of either
the heavy (VH) or light (VL) chains of human antibodies.
Domain antibodies have a molecular weight of approxi-
mately 13 kDa, or less than one-tenth the size of a full anti-
body. In contrast to conventional antibodies, domain antibod-
ies are well expressed in bacterial, yeast, and mammalian cell
systems. In addition, many domain antibodies are highly
stable and retain activity even after being subjected to harsh
conditions, such as freeze-drying or heat denaturation which
makes them amenable to a wide range of pharmaceutical
formulation conditions and manufacture processes.

[0162] The proteins of the invention can be provided in
more or less purified forms. The examples show how to clone
nucleic acids necessary for expressing recombinant ChBP-
59, how to purify recombinant or natural ChBP-59 using the
affinity for CC-chemokines and chromatographic technolo-
gies, and how to select cells properly expressing this protein
by means of assays for detecting CC-chemokine binding
activities.

[0163] Inparticular, purification of the natural, synthetic or
recombinant antagonists of the invention can be carried out
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by any one of the methods known for this purpose, i.e. any
conventional procedure involving extraction, precipitation,
chromatography, electrophoresis, or the like. A further puri-
fication procedure that may be used in preference for purify-
ing the protein of the invention is affinity chromatography
using monoclonal antibodies or affinity groups, which bind
the target protein and which are produced and immobilized on
a gel matrix contained within a column. Impure preparations
containing the proteins are passed through the column. The
protein will be bound to the column by heparin or by the
specific antibody while the impurities will pass through. After
washing, the protein is eluted from the gel by a change in pH
or ionic strength. Alternatively, HPL.C (High Performance
Liquid Chromatography) can be used. The elution can be
carried using a water-acetonitrile-based solvent commonly
employed for protein purification. Purified preparations of
the proteins of the Invention, as used herein, refers to the
preparations which are at least 1% (by dry weight), and pref-
erably at least 5%, of said proteins.

[0164] Another aspect of the present invention is a pharma-
ceutical composition comprising a ChBP-59 polypeptide as
defined above (in the form of proteins and their alternative
forms described above) as active ingredient, and a suitable
diluent or carrier.

[0165] Another aspect of the present invention is a pharma-
ceutical composition comprising a nucleic acid molecule
encoding a ChBP-59 polypeptide as defined above, or a cor-
responding vector or recombinant host cell, and a suitable
diluent or carrier.

[0166] A further aspect of this invention relates to the use of
a ChBP-59 polypeptide as defined above, or a nucleic acid
encoding the same, for the manufacture of a medicament for
use in regulating an immune response in a subject.

[0167] These compositions can be used as medicaments, in
particular, for regulating an immune or inflammatory
response in a mammal, and more particularly as anti-inflam-
matory compounds.

[0168] In general, given the involvement of CC-chemok-
ines in many human and veterinary disorders, the
CC-chemokine binding proteins of the invention can used as
antagonists of CC-chemokine (such as CCL5/RANTES,
CCL3/MIP-1 alpha, or CCL2/MCP-1) for the treatment or
prevention of CC-chemokine-related disorders in animals. A
non-exhaustive list of CC-chemokine-related disorders
includes: inflammatory diseases, autoimmune diseases,
immune diseases, infections, allergic diseases, cardiovascu-
lar diseases, metabolic diseases, gastrointestinal diseases,
neurological diseases, sepsis, diseases related to transplant
rejection, or fibrotic diseases. Non-limiting examples of these
diseases are the following: arthritis, rheumatoid arthritis
(RA), psoriatic arthritis, psoriasis, rheumatoid arthritis, rest-
enosis, sepsis, osteoarthritis, systemic lupus erythematosus
(SLE), systemic sclerosis, scleroderma, polymyositis, glom-
erulonephritis, fibrosis, allergic or hypersensitvity diseases,
dermatitis, asthma, chronic obstructive pulmonary disease
(COPD), inflammatory bowel disease (IBD), Crohn’s dis-
eases, fibromas, ulcerative colitis, multiple sclerosis, septic
shock, viral infection, cancer, endometriosis, transplantation,
graft-versus-host disease (GVHD) cardiac and renal reperfu-
sion injury, ischemia and atherosclerosis.

[0169] The proteins of the invention, or specific fragments,
can be used as active ingredients in the manufacture of phar-
maceutical compositions for regulating an immune or inflam-
matory response in a mammal, for example of anti-inflam-
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matory compositions. Alternatively, the proteins of the
invention, or specific fragments, can be used as active ingre-
dients in the manufacture of pharmaceutical compositions for
the vaccination of a mammal against parasites, virus, or bac-
teria. The process for the preparation of such pharmaceutical
compositions comprises combining ChBP-59 together with a
pharmaceutically acceptable diluent or carrier.

[0170] A pharmaceutical composition containing a protein
of the invention as active ingredient can be used for binding a
CC-chemokine in vivo, blocking the binding of a
CC-chemokine to a corresponding cell surface receptor and
consequently producing a potentially therapeutic effect, such
as an anti-inflammatory effect. A pharmaceutical composi-
tion containing a protein of the invention as active ingredient,
can be used also for binding to CC-chemokine analogues
present in viruses, bacteria, or parasites to block entry of said
virus, bacteria, or parasite into cells. Pharmaceutical compo-
sitions for vaccination of amammal against a parasite, a virus
or a bacteria, can comprise a fragment of the protein of the
invention as active ingredient. The compositions above indi-
cated can further comprise an additional immunosuppressant
or anti-inflammatory substance.

[0171] The pharmaceutical compositions may contain, in
combination with the proteins of the invention as active ingre-
dient, suitable pharmaceutically acceptable diluents, carriers,
biologically compatible vehicles and additives which are suit-
able for administration to an animal (for example, physiologi-
cal saline solution) and eventually comprising auxiliaries
(like excipients, stabilizers, or adjuvants) which facilitate the
processing of the active compounds into preparations which
can be used pharmaceutically. The pharmaceutical composi-
tions may be formulated in any acceptable way to meet the
needs of the mode of administration. For example, the use of
biomaterials and other polymers for drug delivery, as well the
different techniques and models to validate a specific mode of
administration, are disclosed in literature (Luo B and
Prestwich G D, 2001; Cleland I L et al., 2001).

[0172] “Pharmaceutically acceptable” is meant to encom-
pass any carrier, which does not interfere with the effective-
ness of the biological activity of the active ingredient and that
1s not toxic to the host to which is administered. For example,
for parenteral administration, the above active ingredients
may be formulated in unit dosage form for injection in
vehicles such as saline, dextrose solution, serum albumin and
Ringer’s solution. Carriers can be selected also from starch,
cellulose, talc, glucose, lactose, sucrose, gelatin, malt, rice,
flour, chalk, silica gel, magnesium stearate, sodium stearate,
glycerol monostearate, sodium chloride, dried skim milk,
glycerol, propylene glycol, water, ethanol, and the various
oils, including those of petroleum, animal, vegetable or syn-
thetic origin (peanut oil, soybean oil, mineral oil, sesame oil).

[0173] Any accepted mode of administration can be used
and determined by those skilled in the art to establish the
desired blood levels of the active ingredients. For example,
administration may be by various parenteral routes such as
subcutaneous, intravenous, intradermal, intramuscular, intra-
peritoneal, intranasal, transdermal, rectal, oral, or buccal
routes. The pharmaceutical compositions of the present
invention can also be administered in sustained or controlled
release dosage forms, including depot injections, osmotic
pumps, and the like, for the prolonged administration of the
polypeptide at a predetermined rate, preferably in unit dosage
forms suitable for single administration of precise dosages.
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[0174] Parenteral administration can be by bolus injection
or by gradual perfusion over time. Preparations for parenteral
administration include sterile aqueous or non-aqueous solu-
tions, suspensions, and emulsions, which may contain auxil-
iary agents or excipients known in the art, and can be prepared
according to routine methods. In addition, suspension of the
active compounds as appropriate oily injection suspensions
may be administered. Suitable lipophilic solvents or vehicles
include fatty oils, for example, sesame oil, or synthetic fatty
acid esters, for example, sesame oil, or synthetic fatty acid
esters, for example, ethyl oleate or triglycerides. Aqueous
injection suspensions that may contain substances increasing
the viscosity of the suspension include, for example, sodium
carboxymethyl cellulose, sorbitol, and/or dextran. Option-
ally, the suspension may also contain stabilizers. Pharmaceu-
tical compositions include suitable solutions for administra-
tion by injection, and contain from about 0.01 to 99.99
percent, preferably from about 20 to 75 percent of active
compound together with the excipient.

[0175] Ttisunderstood that the dosage administered will be
dependent upon the age, sex, health, and weight of the recipi-
ent, kind of concurrent treatment, if any, frequency of treat-
ment, and the nature of the effect desired. The dosage will be
tailored to the individual subject, as is understood and deter-
minable by one of skill in the art. The total dose required for
each treatment may be administered by multiple doses orin a
single dose. The pharmaceutical composition of the present
invention may be administered alone or in conjunction with
other therapeutics directed to the condition, or directed to
other symptoms of the condition. Usually a daily dosage of
active ingredient is comprised between 0.01 to 100 milli-
grams per kilogram of body weight per day. Ordinarily 1 to 40
milligrams per kilogram per day given in divided doses or in
sustained release form is effective to obtain the desired
results. Second or subsequent administrations can be per-
formed at a dosage, which is the same, less than, or greater
than the initial or previous dose administered to the indi-
vidual.

[0176] Another aspect of the invention is the use of a pro-
tein encoded by a DNA of the Invention as a medicament, in
particular in the preparation of a composition for regulating
an immune or inflammatory response in a mammal.

[0177] Further aspects of the Invention are methods for
immunising an animal against a blood-feeding ectoparasite,
or for regulating an immune or inflammatory response in an
animal in need thereof, comprising administering to said
animal with a protein of the Invention said animal for a time
and under conditions sufficient to regulate said immune
response.

[0178] Another object of the invention is a method for
treating or preventing CC-chemokine-related diseases com-
prising the administration of an effective amount of the com-
pounds of the present invention.

[0179] An “effective amount” refers to an amount of the
active ingredients that is sufficient to affect the course and the
severity of the disease, leading to the reduction or remission
of such pathology. The effective amount will depend on the
route of administration and the condition of the patient.

[0180] The wording “CC-chemokine-related diseases”
indicate any disease due to an excessive or uncontrolled CC-
chemokine production, leading to a massive monocyte/mac-
rophage/neutrophil/T-cell infiltration, and wherein the
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administration of ChBP-59 may provide a beneficial effect. A
non-exhaustive list of such chronic, acute, or inherited dis-
eases is provided above.
[0181] The therapeutic applications of the CC-chemokine
antagonists of the invention and of the related reagents can be
evaluated (in terms or safety, pharmacokinetics and efficacy)
by the means of the in vivo or in vitro assays making use of
mammalian cells, tissues and models (Coleman R et al., 2001;
Li A, 2001; Methods Mol. Biol vol. 138, “Chemokines Pro-
tocols”, edited by Proudfoot A et al., Humana Press Inc.,
2000; Methods Enzymol, vol. 287 and 288, Academic Press,
1997). A non-limiting list of assays includes: calcium mobili-
sation, degranulation, upregulation of pro-inflammatory
cytokines, upregulation of proteases, inhibition of cellular
recruitment in vitro and in vivo.
[0182] Further aspect of the invention are test Kits contain-
ing any of the compound disclosed in association to the CC-
chemokine binding proteins of the invention. For example, a
kit for detecting a CC-chemokine or an analogue, a CC-
chemokine binding protein or a receptor, the interaction of
CC-chemokine and a CC-chemokine binding protein, or
antagonists or agonists of said interaction, comprising a
detecting reagent and at least a compound selected from the
group consisting of’:

[0183] a) A nucleic acid molecule (e.g., a DNA);

[0184] b) An oligonucleotide;

[0185] c¢) A protein; and

[0186] d) An antibody;
[0187] derived from the CC-chemokine binding protein of
the Invention.
[0188] Thesekits can beusedin methods applicable in vitro
or in vivo in which a sample is contacted by one of these
compound, which can be labeled or immobilized on a solid
support.
[0189] The present invention has been described with ref-
erence to the specific embodiments, but the content of the
description comprises all modifications and substitutions,
which can be brought by a person skilled in the art without
extending beyond the meaning and purpose of the claims.
[0190] Theinvention will now bedescribed by means of the
following Examples, which should not be construed as in any
way limiting the present invention. The Examples will referto
the Figures specified herein above.

EXAMPLES
Example 1

Screening of the Rhipicephalus sanguineus Saliva
and cDNA Library for CC-Chemokine Binding
Activities and Cloning of ChBP-59

Materials and Methods

[0191] a. Screening of Chemokine-Binding Activities in
the Saliva of Rhipicephalus sanguineus (Common Brown
Dog Tick)

[0192] Crude Rhipicephalus sanguineus tick saliva was
obtained according to the protocol as published (Ferreira BR
and Silva J S, 1998). Aliquots of Rhipicephalus sanguineus
saliva (RSs) were tested using different assays including, as
negative control, Bovine Serum Albumin (BSA) and, as posi-
tive control, a CC-chemokine-binding protein from ectrome-
lia virus (known as vCCI or p35).
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[0193] Different amounts of RSs and of vCCI were spotted
onto nitrocellulose filters in parallel, and the filters exposed to
different radiolabeled, recombinant CC- and CXC-chemok-
ines.

[0194] A Scintillation Proximity Assay (SPA) was
designed for detecting molecules interfering with the
chemokine/chemokine receptor interaction as described in
the literature (Alouani S, 2000). Briefly, wheat germ agglu-
tinin SPA beads were coated with cell membranes isolated
from CHO cell strains stably expressing a specific chemoine
receptor (e.g. CCR1 or CCRY) and then incubated with the
corresponding radiolabeled CC-chemokine alone, or in com-
bination with the CC-chemokine.

b. Construction of the Rhipicephalus sanguineus cDNA
Library and of the Control Plasmid Expressing vCCI

[0195] Salivary glands were harvested from 100 adult ticks
(Rhipicephalus sanguineus) and were immediately stored in
ice-cold RNAlater™ solution (Ambion) until further use.
Total RNA was extracted using the TRIzol™ method (Invit-
rogen) according to the manufacturer’s instructions. The
¢DNA library was constructed in the phagemid vector ATri-
pIEX2 using the SMART ¢DNA library construction kit
(Clontech). The ¢cDNAs were size-fractionated with a Chro-
maSpin 400 column (Clontech) according to the manufactur-
er’s instructions before ligation to the vector. The size of the
cloned cDNA inserts in the library ranged from about 0.6 kb
10 1.5 kb and the frequency of inserts was approximately
80%.

[0196] The cDNA inserts from the Rhipicephalus san-
guineus salivary gland ¢cDNA library in pTriplEX2 were
excised with restriction enzyme Sfil, and subcloned into the
mammalian cell expression vector pEXP-lib (Clontech). The
pEXP-Lib vector contains an expression cassette comprising
the human cytomegalovirus (CMV) major immediate early
promoter/enhancer followed by a multiple cloning site; an
internal ribosome entry site (IRES) of the encephalomyo-
carditis virus (ECMV); a gene encoding puromycin resis-
tance (puromycin-N-acetyl-transferase); and the polyadeny-
lation signal of the bovine growth hormone. The multiple
cloning site contains two distinct Sfi I sites (Sfi IA and Sfi IB,
that differ in their interpalindromic sequences), which allows
the directional subcloning of ¢cDNA inserts from the pTri-
plEX2 vector to pEXPIL

[0197] The control protein vCCI (NCBI Acc. no.
CAC05575; SEQ ID NO: 1) was expressed by cloning the
¢DNA encoding the protein (NCBI Acc. no. AJ277111; SEQ
ID NO: 2) into pEXP-lib as described above to generate
pEXP-lib vCCI.

c. Library Screening Using HEK293 Cells Supernatants

[0198] Human embryonickidney cells 293 (HEK293 cells;
ATCC Cat. No. CRC-1573) were maintained in DMEM-F12
Nut Mix, 10% heat-inactivated fetal calf serum, 2 mM
L-Glutamine, 100 units/ml penicillin-streptomycin solution.
[0199] The pEXP-lib plasmids expressing Rhipicephalus
sanguineus cDNA library were grouped into pools that were
transfected into HEK293 cells using a GenePorter?2 transfec-
tion kit (Gene Therapy Systems) according to the manufac-
turer’s protocol. The pEXP-lib plasmid expressing the control
protein vCCI was as well transfected in HEK293 in the same
manner.

[0200] Culture medium from transfected HEK293 cells
was harvested from cells grown in complete medium after
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three days in culture. The conditioned medium was centri-
fuged to remove cell debris, and the supernatant used in a
crosslinking or SPA assay.

[0201] For crosslinking experiments media samples were
transferred to a flat-bottom 96-well plate (Costar). A radiola-
beled CC-chemokine (***I-CCL3/MIP-1 alpha) was added to
a final concentration of 0.23 nM to 50 pl of each sample of
supernatant, which was then incubated with shaking for 2
hours at room temperature. A 25 pl aliquot from each well was
then transferred to a new well containing 5 pl of 50 mM BS3
(crosslinking reagent) and further incubated for 2 hours with
shaking. After this time 5 ul of 10xsample buffer (125 mM
Tris base, pH 6.8, containing 10% SDS, 5 mM EDTA, 20%
glycerol, 0.2% w/w bromophenol blue, | M DTT) were added
to each well to stop the crosslinking reaction. The samples
were then boiled for 5 minutes and electrophoresed on a 10%
Bis-Tris SDS-polyacrylamide gel (Invitrogen NuPAGE, cata-
log no. NP0301 BOX). After electrophoresis the gel was
sealed in Saran Wrap™ and exposed to a K-type storage
phosphoimaging screen (Biorad) for 8 hours. Imaging
screens were scanned at a resolution of 100 um using a Biorad
Personal FX phosphoimager.

Results

[0202] The saliva of the tick Rhipicephalus sanguineus has
been already used to characterize immunomodulating activi-
ties, such as suppression of IgG and cytokine production
(Matsumoto K et al., 2003) or T cell proliferation (Ferreira B
R and Silva ] S, 1998), but not activities directed specifically
to CC-chemokines.

[0203] A CC-chemokine specific binding activity, compa-
rable to the one detected using vCCl, a CC-chemokine-bind-
ing protein from ectromelia virus also known as p35 (Burns J
M et al., 2002), was detected in the saliva of Rhipicephalus
sanguineus by using both nitrocellulose filters spotted with
the saliva and exposed to different radiolabeled CC-/CXC-
chemokines, and a Scintillation Proximity Assay (SPA), a
highthrouput screening technology allowing the measure-
ment of molecular interactions with great precision.

[0204] The CC-chemokine binding activity was then iden-
tified in Rhipicephalus sanguineus at the DNA/protein
sequence level in a cDNA library generated from Rhipiceph-
alus sanguineus salivary glands. Pools of the cDNAs from
this library were used to transfect mammalian cells
(HEK293).

[0205] The clones expressing the transfected cDNAs
encoding for a signal peptide-containing polypeptide secrete
the protein into the culture medium. The supernatants have
been tested directly, at different dilution, either in the SPA
assay described above or in a crosslinking assay using a
radiolabeled CC-chemokine (**I-CCL3/MIP-1alpha). In
particular, the addition of the crosslinking reagent to the
radiolabeled CC-chemokine/CC-chemokine binding protein
stabilizes the protein complex by linking the two molecules
covalently. The resulting complex can be identified by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) and subse-
quent autoradiography as a shifted band. This cross-linking
method is very sensitive as nanogram amounts of protein can
be detected.

[0206] Theassays were performed by comparing the signal
obtained with the supernatant obtained from the clone
expressing the protein taken as positive control (vCCI), a
supernatant in which recombinant vCCI was added, and a
supernatant of non-transfected cells.
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[0207] The pools of transfected HEK293 clones showing
the presence of a CC-chemokine binding activity were sub-
jected to successive rounds of screening and deconvolution
until a single transfected HEK293 clone secreting a CC-
chemokine binding activity was identified and called ChBP-
59 (FIG.1).

[0208] The cDNA encoding ChBP-59 (SEQ ID NO: 3)
contains an Open Reading Frame (ORF; SEQ ID NO: 4)
encoding a protein of 114 amino acids (SEQ ID NO: 5). The
protein contains a potential secretion signal peptide sequence
(residues 1-20), leading to a mature protein of 94 amino acids
(SEQIDNO: 6) that has no significant homology withknown
proteins.

[0209] Further features of ChBP-59 are three potential gly-
cosylation sites (at Asparagine 39, 54, and 62, according to
the numbering of the full protein), and a series of Cysteines
that can be paired to form disulfide bridges (residues 32, 49,
53, 66, 85,90, 95, and 104, according to the numbering of the
full protein).

Example 2

Purification and Validation of ChBP-59 Expressed in
HEK293 EBNA Cell Culture Supernatant and in
TNS5 Insect Cell Culture Supernatant as a His-Tagged
Recombinant Protein

Materials and Methods

[0210] a. Subcloning of ChBP-59 ¢cDNA into the Expres-
sion Vectors pDESTS and pEAK12d Using the Gateway™
Cloning Process

[0211] The first stage of the Gateway cloning process
involves a two step PCR reaction (PCR1 and PCR2) which
generates the ORF of ChBP-59 flanked at the 5' end by an
attB1 recombination site and Kozak sequence, and flanked at
the 3' end by a sequence encoding an in frame 6 Histidine
(6His) tag, a stop codon and the attB2 recombination site
(Gateway compatible cDNA; FIG. 2). The PCR 1 reaction (in
a final volume of 50 ul) contains: 1 pl (40 ng) of plasmid
pEXP-Lib-ChBP-59, 1.5 pl dNTPs (10 mM), 10 pl of 10xPfx
polymerase buffer, 1 pl MgSO,, (50 mM), 0.5 pl each of gene
specific primer (100 uM) (59-attB1 forward and 59-attB2
reverse; SEQ ID NO: 7 and 8), and 0.5 pl Platinum Pfx DNA
polymerase (Invitrogen). The PCR1 reaction was performed
using an initial denaturing step of 95° C. for 2 minutes,
followed by 12 cycles of 94° C. for 15's; 55° C. for 30 s and
68° C. for 2 min; and a holding cycle of 4° C. The amplifica-
tion products were directly purified using the Wizard PCR
Preps DNA Purification System (Promega) and recovered in
50 wl sterile water according to the manufacturer’s instruc-
tions.

[0212] The PCR2 reaction (in a final volume of 50 pl)
contained 10 pl purified PCR1 product, 1.5 pl dNTPs (10
mM), 5 ul of 10xPfx polymerase buffer, 1 pl MgSO, (50
mM), 0.5 pl of each Gateway conversion primer (100 pM)
(GCP forward and GCP reverse: SEQ ID NO: 9 and 10) and
0.5 pl of Platinum Pfx DNA polymerase. The conditions for
the PCR 2 reaction were: 95° C. for 1 minute; 4 cycles of 94°
C. for 15 seconds, 50° C. for 30 seconds and 68° C. for 2
minutes; 25 cycles of 94° C. for 15 seconds, 55° C. for 30
seconds, and 68° C. for 2 minutes; holding cycle at 4° C. The
resultant PCR products was visualized on 0.8% agarose gelin
IXTAE buffer (Invitrogen) and the band migrating at the
predicted molecular mass (430 bp) was purified from the gel
using the Wizard PCR Preps DNA Purification System

Mar. 12, 2009

(Promega) and recovered in 50 pl sterile water according to
the manufacturer’s instructions.

[0213] The second stage of the Gateway cloning process
involves subcloning of the Gateway modified PCR product
into the Gateway entry vector pDONR221. Five ul of purified
product from PCR2 were incubated with 1.5 ul pDONR221
vector (0.1 pg/ul), 2 ul BP buffer and 1.5 pl of BP clonase
enzyme mix (Invitrogen) in a final volume of 101 at room
temperature for 1 hour. The reaction was stopped by addition
of proteinase K 1 pl (2 pg/ul) and incubated at 37° C. for a
further 10 minutes. An aliquot of this reaction (1 ul) was used
to transform E. coli DH10B cells by electroporation as fol-
lows: a 25 pl aliquot of DH10B electrocompetent cells (Invit-
rogen) was thawed on ice and 1 pl of the BP reaction mix was
added. The mixture was transferred to a chilled 0.1 cm elec-
troporation cuvette and the cells electroporated using a Bio-
Rad Gene-Pulser™ according to the manufacturer’s recom-
mended protocol. SOC medium (0.5 ml), which had been
pre-warmed to room temperature, was added immediately
after electroporation. The mixture was transferred to a 15 ml
snap-cap tube and incubated, with shaking (220 rpm) for 1
hour at 37° C. Aliquots of the transformation mixture (10 pl
and 50 pl) were then plated on L-broth (LB) plates containing
kanamycin (40 ug/ml) and incubated overnight at 37° C.
[0214] Plasmid mini-prep DNA was prepared from 5 ml
cultures from 6 of the resultant colonies using a Qiaprep
Turbo 9600 robotic system (Qiagen). Plasmid DNA (150-200
ng) was subjected to DNA sequencing with 21M13 and
M13Rev primers using the BigDyeTerminator system (Ap-
plied Biosystems cat. no. 4336919) according to the manu-
facturer’s instructions. Sequencing reactions were purified
using Montage SEQ 96 cleanup plates (Millipore cat. no.
LSKS09624) then analyzed on an Applied Biosystems 3700
sequencet.

[0215] Plasmid eluate (2 pl or approx. 150 ng) from one of
the clones, which contained the correct sequence
(pDONR221_ChBP-59-HIS) was then used in recombina-
tion reactions containing 1.5 ul of either pDESTR vector or
pEAK12d vector (0.1 pg/ul), 2 pl LR buffer and 1.5 pl of LR
clonase (Invitrogen) in a final volume of 10 pl. The mixtures
were incubated at room temperature for 1 hour. The reactions
were stopped by addition of Proteinase K (2 pg) and incu-
bated at 37° C. for a further 10 minutes. An aliquot of each
reaction (1 pul) was used to transform F. coli DH10B cells by
electroporation as follows: a 25 pl aliquot of DH10B electro-
competent cells (Invitrogen) was thawed on ice and 1 ul of the
LR reaction mix was added. The mixture was transferred to a
chilled 0.1 cm electroporation cuvette and the cells electropo-
rated using a BioRad Gene-Pulser™ according to the manu-
facturer’s recommended protocol. SOC media (0.5 ml),
which had been pre-warmed to room temperature, was added
immediately after electroporation. The mixture was trans-
ferred to a 15 ml snap-cap tube and incubated, with shaking
(220 rpm) for 1 hour at 37° C. Aliquots of the transformation
mixture (10 pl and 50 pl) were then plated on L-broth (LB)
plates containing ampicillin (100 pug/ml) and incubated over-
night at 37° C.

[0216] Plasmid mini-prep DNA was prepared from 5 ml
cultures inoculated with six of the resultant colonies sub-
cloned in each vector using a Qiaprep Bio Robot 8000
(Qiagen). Plasmid DNA (200-500 ng) in the pEAK12d vector
was subjected to DNA sequencing with pEAKI12F and
pEAKI12R primers (SEQ ID NO: 11 and 12). Similarly, plas-
mid DNA (200-500 ng) in the pDESTS vector was subjected
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to DNA sequencing with pDESTS8F and pDEST8R primers
(SEQ ID NO: 13 and 14) as described above.

[0217] CsCl gradient purified maxi-prep DNA was pre-
pared from a 500 ml culture of the sequence verified clones
(pEAK12d_ChBP-59-HIS and pDEST8_ChBP-59-HIS;)
using the method described by Sambrook J. et al., 1989 (in
Molecular Cloning, a Laboratory Manual, 2" edition, Cold
Spring Harbor Laboratory Press). Plasmid DNA was resus-
pended at aconcentration of 1 pg/pl in sterile water (or 10 mM
Tris-HC1 pH 8.5) and stored at -20° C.

[0218] The primer sequences used in the different sub-/
cloning steps are summarized in Table III.

b. Purification of Recombinant ChBP-59-HIS Expressed in
HEK293 Cells

[0219] Cell culture supernatant (450 ml) from HEK293-
EBNA cells was harvested 6 days post transfection with
pEAK12d-ChBP-59-HIS and diluted with 2 volumes of 50
mM sodium phosphate buffer pH 7.5 containing 0.3 M NaCl
and 10% (vol/vol) glycerol. The sample was filtered through
a0.22 pm filter membrane, then loaded at 1.7 ml/min at 4° C.
onto a SX 16/10 column containing 5 ml Ni**-NTA agarose
(Catalogue No: 30250; Qiagen) using an Akta purifier system
(Amersham Biosciences). Non-specifically bound material
was removed by washing the column at 1.5 ml/min with 5
column volumes (CVs) of 50 mM sodium phosphate buffer
pH 7.5 containing 0.3 M NaCl, 10% glycerol (Catalogue No:
49781, Fluka), followed by 50 CVs of the same buffer con-
taining 1% Tween-20 (Catalogue No: 93773; Fluka) and
finally with 30 CVs of the buffer without Tween-20. The
column was eluted in 5 ml fractions with 10 CVs of 50 mM
sodium phosphate buffer, pH 7.5, containing 0.3 M NaCl,
10% glycerol and 12.5 mM imidazole (Catalogue No: 56749;
Fluka) at 2.5 ml/min followed by a gradient over 10 CVs to a
maximum concentration of 250 mM imidazole, which was
maintained for another 5 CVs.

[0220] ChBP-59-HIS-containing fractions were pooled
and concentrated 10-fold using centrifugal filter devices with
a cut-off of 10 kDa (Amicon Ultra-15, Catalogue No:
UFC901096, Millipore). The concentrated pool was sub-
jected to size exclusion chromatography as second step of
purification. An SX200 10/300 GL column (bed volume of 25
ml; catalogue No: 17-5175-01; Amersham Biosciences),
which has been first equilibrated in PBS (Phosphate Buffered
Saline), was injected with 450 pl of the concentrated ChBP-
59-HIS-containing protein eluate. The protein was eluted in
fractions of 0.5 ml each at 2.5 ml/min. ChBP-59-HIS protein
containing fractions were pooled, aliquoted, and stored at
-80° C.

c. Purification of Recombinant ChBP-59-HIS Expressed in
Insect Cells

[0221]  Trichoplusa ni insect cells of the commercial strain
HighFive (Catalogue No: 10486; Invitrogen) were cultured in
Excell405 medium (Catalogue No: 24405, JRH Bio-
sciences). The cells were infected with recombinant bacu-
lovirus generated from the expression plasmid pDESTS-
ChBP-59-HIS. The culture supernatant was harvested and
clarified by centrifugation for 30 minutes at 500 g. A total of
1200 ml supernatant was harvested from the cells, and diluted
in 7 volumes of ice-cold 50 mM NaPOQ, buffer, pH 7.5, con-
taining 0.3 M NaCl and 10% glycerol, and subsequently
filtered through a 0.22 pm filter. The filtered, diluted sample
was passed over 15 m] Ni**NTA agarose resin (Catalogue
No: 30250: Qiagen), loaded ina SX 26/10 column at 7 ml/min
and 4° C. The column was washed at 2.5 ml/min with 5 CVs
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of 50 mM sodium phosphate buffer, pH 7.5, containing 0.3 M
NaCl, 10% glycerol, followed by 50 CVs of the same buffer
containing 1% Tween20 (Catalogue No: 93772; Fluka) and
finally with 30 CVs of the buffer without Tween20 to remove
all traces of detergent. Nonspecifically-bound material was
removed by washing the column at 2.5 ml/ml with 10 CV of
50 mM Sodium phosphate buffer, pH 7.5, containing 0.3 M
NaCl, 10% glycerol and 12.5 mM imidazole at 2.5 ml/min.
The column was then eluted at 2.5 ml/min with a linear
imidazole gradient from 12.5 mM to 250 mM over 10 CVs.
The column was eluted for another 5 CV at 250 mM imida-
zole. Selected fractions were analyzed by SDS-PAGE and
Western blotting using anti-Histidine tag antibodies.

[0222] ChBP-59-HIS-containing fractions were pooled
and subjected to a second purification step based on anion
exchange chromatography. The pooled fractions of the post-
Ni** affinity chromatography were diluted 10-fold in 25 mM
Tris-HCl buffer (pH 8) containing 0.03 M NaCl, and loaded
onto a $X16/10 column containing 15 ml of Q sepharose at 5
ml/min at 4° C. Then, the column was washed with 10 CVs of
buffer and subsequently eluted by applying a salt gradient
from 0.03 M to 1 M NaCl-containing buffer over 10 CVs.
Seven ml fractions were collected and analyzed by SDS-
PAGE. ChBP-59-HIS containing fractions were pooled and
the pool was divided in half, and either dialyzed against 100
volumes of 25 mM Tris-HCl buffer, pH 8, or against PBS. The
protein concentration of the pool was determined by UV
spectrophotometry at 280 nm, and the pooled protein frac-
tions were aliquoted and stored at -80° C.

d. Western Blot and Crosslinking Analysis of Recombinant
ChBP-59-HIS

[0223] The column eluates were diluted 1:1 with 2x sample
buffer (Invitrogen) containing 100 mM DTT and boiled for 5
minutes. The samples and a HIS-tagged molecular weight
standard (Catalogue No: LC5606; Invitrogen) were electro-
phoresed on a 10% Bis-Tris gel run in MES-buffer at 200 V
for 35 min. The electrophoresed proteins were electro-trans-
ferred onto a 0.45 um nitrocellulose membrane (Catalogue
No: LC2001; Invitrogen) in transfer buffer (39 mM glycine,
48 mM Tris base, and 20% methanol, pH 8.3) for 50 minutes
at room temperature, using a constant current of 290 mA. The
membrane was blocked by incubating in 20 ml blocking
solution (0.1% Tween 20, 5% milk powder in PBS), for 1 hour
atroom temperature on arocker platform. The membrane was
then incubated in 15 ml of the solution containing the primary
anti-Histidine tag antibody (diluted 1:1000 in 0.1% Tween
20, 2.5% milk powder in PBS) for 2 hours at room tempera-
ture with shaking. The primary antibodies used were His-
probe H-15 (sc-803; Santa Cruz Biotechnology) or His-probe
G-18 (sc-804; Santa Cruz Biotechnology). The membrane
was rinsed in wash buffer (0.1% Tween 20 in PBS) and
washed with 3 changes of wash buffer (10 minutes each). The
membrane was then incubated in HRP-conjugated secondary
antibody (diluted 1:3000 in 0.1% Tween 20, 2.5% milk pow-
derin PBS)for 2 hours at room temperature with shaking. The
membrane was washed again as described previously.
Finally, the membrane was blotted dry, and antibody staining
was visualized using the ECL.™ Western Blotting Detection
Reagents kit (Catalogue No: RPN2106; Amersham Pharma-
cia), according to manufacturer’s instructions.

Results

[0224] The ORF encoding for ChBP-59 was transferred in
plasmids allowing high production levels in either mamma-
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lian or insect cells using a commercial kit (Gateway™) as a
recombinant, histidine-tagged protein (ChBP-59-HIS; FIG.
2).

[0225] The plasmid containing the ORF of clone 59
(pEXP-Lib_ChBP-59) was used as PCR template to generate
a Gateway cloning system compatible 6 Histidine-tagged
version of ChBP-59 ¢cDNA (SEQ ID NO: 15). The ORF for
ChBP-59-HIS (SEQ ID NO: 16) encodes for a 120 amino
acids sequence (SEQ ID NO: 17) which can be then matured
by elimination of the signal sequence as 100 amino acid
sequence (SEQ ID NO: 18). The Gateway entry vector
pDONR221_ChBP-59-HIS, and the expression constructs
pDEST8_ChBP-59-HIS, and pEAK12d_ChBP-59-HIS were
generated (FIG. 3).

[0226] Recombinant ChBP-59-HIS was purified from
either pEAK12d-ChBP-59-transfected HEK293 EBNA cell
supernatant (using Ni2+-affinity chromatography followed
by size exclusion chromatography) or pDEST8-ChBP-59-
HIS-infected TNS insect cells (using Ni2+-affinity chroma-
tography followed by anion exchange chromatography). The
Coomassie blue staining of a SDS-PAGE in which the puri-
fied protein has been loaded suggests that ChBP-59-HIS was
expressed and purified as a mixture of differently post-trans-
lationally modified forms, possibly by glycosylated as shown
for another tick protein expressed in insect cells (Alarcon-
Chaidez F T et al., 2003). In fact, the protein appears as a
smeared band, with an average molecular weight of around
20-25 Kd for the recombinant protein expressed in HEK293
and TN cells (FIG. 4).

[0227] The presence of recombinant ChBP-59-HIS during
the different purification steps from both HEK293 and insect
cell supernatants was followed by Western blot with anti-
Histidine tag as primary antibodies. The N-terminal of the
purified, mature sequence has been sequenced, confirming
that the sequence EDDEDYGDLG forms the N-terminus of
the mature protein.

[0228] The CC-chemokine binding activity of ChBP-59-
HIS final preparations were compared with the activity
observed using the positive control (the viral CC-chemokine
binding protein vCCI) or the saliva from Rhipicephalus san-
guineus, using the crosslinking assay used initially to char-
acterize the activity in tick saliva.

[0229] InSDS-PAGE, the free '**I-labeled CC-chemokine
CCL3/MIP-lalpha migrates as an 8 kDa band. When the
crosslinking agent is added, a part of the radioactivity is
retained in a protein complex having a molecular weight of
28-40kDa, as it can be determined approximately on the basis
of the shifted band, in both samples containing recombinant
ChBP-59 and in tick saliva (FIG. 5). The molecular weight of
the shifted band is slightly different amongst these three
samples probably due to the different kinds and level of
post-translational modification of the protein (glycosylation,
in particular) in each type of host cell.

[0230] Given that the molecular weight for mature ChBP-
59-HIS polypeptide (100 amino acids) is around 11 Kd, this
recombinant protein appears to be active when expressed in
Eukaryotic host cells wherein it is post-translationally modi-
fied isoforms. These modifications may account for up to
10-20 Kd (as suggested also by the Coomassie staining in
FIG. 4) and are probably due mostly to altemative glycosy-
lation.

[0231] This experiment, which has been confirmed using
other radiolabeled CC-chemokines (CCL5/RANTES and
CCL2/MCP-1), demonstrates the activity of ChBP-59 (as
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natural protein and as a recombinant, histidine-tagged pro-
tein) as a CC-chemokine binding protein.

Example 3

Characterization of Recombinant ChBP-59 Inhibi-
tory Activity on CC-Chemokines

Materials and Methods
SPA Assays

[0232] The SPA assay was designed for detecting mol-
ecules interfering with the chemokine/chemokine receptor
interaction as described in the literature (Alouani S, 2000)
and above (Example 1).

b. CC-Chemokine Induced Chemotaxis

[0233] Chemotaxis experiments were performed on 1.2
cells (mouse pre B-cell line) stably expressing human
chemokine receptor 5 (CCR3). L1.2/CCRS cells were main-
tained in RPMI 1640 culture medium (Invitrogen, catalogue
no: 31870-025) supplemented with 10% FCS (Fetal calf
Serum; TerraCell, catalogue no: CS-C08-1000-A), 2 mM
L-glutamine (Invitrogen catalogue no: 25030-024), 1 mM
sodium pyruvate (Sigma, catalogue no: S8636), and 1% peni-
cillin-streptomycin (Invitrogen catalogue no: 15140-148).

[0234] Twenty four hours before performing the chemot-
axis assay, cells were treated with 5 mM buryric acid (Sigma
catalogue no: B-5887). The next day, cells were harvested by
centrifugation for 15 minutes at 230xg, and resuspended at a
cell density of 1x10° cells/ml in RPMI 1640 medium without
phenol red indicator (Invitrogen catalogue no: 32404-014),
supplemented with 10% FCS. CCL3/MIP-1alpha was sus-
pended at 0.01 mg/ml in the same medium and eleven serial,
4-fold dilutions were prepared. Similarly, recombinant
ChBP-59-HIS, purified from TNS5 cells was serially diluted
5-fold starting from 316 ng/ml and mixed in equal amounts
with medium containing 2 nM CCL3/MIP-1alpha. Aliquots
(32 ml) of the serially diluted chemokine solution or chemok-
ine-ChBP-59-HIS solution were added in triplicate to the
lower compartments of a chemotaxis chamber and an 8-um
poresize filter unit (Neuroprobe ChemoTx System, catalogue
no: 101-8) was carefully placed on top of the lower compart-
ment. The 1.1.2/CCRS5 cell suspension (20 pl) was added to
the top compartment and the chemotaxis chamber and incu-
bated for 2 hours at 37° C. in a humidified, 5% CO2 incubator.

[0235] The lid of the chemotaxis chamber was then
removed and discarded. A 96-well funnel plate (Neuroprobe
ChemoTx System catalogue No: FP1) was placed upside
down on top of the lower compartment of the chemotaxis
chamber. A black-matrix plate (Vitaris catalogue no: 3915)
was then placed upside down on top of the funnel plate and the
chemotaxis chamber/funnel plate/black-matrix plate assem-
bly was flipped over. The medium in the lower compartment
of the chemotaxis chamber was then transferred into the
black-matrix plate by centrifugation for 2 minutes at 700xg.
The black-matrix plate containing the migrated cells was
sealed and frozen for 2 hours at—80° C. The number of cells
that had migrated into the lower compartment of the chemo-
taxis chamber was determined indirectly using the
CyQUANT cell proliferation assay kit (Molecular Probes
catalogue no: C7026). The black plate was thawed and cells
were thoroughly resuspended in 200 ml of cell lysis buffer
containing the dye provided in the kit, according to manufac-
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turer’s instructions. Fluorescence was measured in a Wallac
Victor plate reader using 480 nm/520 nm excitation/emission
wavelengths.

Results

[0236] TheCC-chemokine binding properties of ChBP-59-
HIS were studied in a SPA (Scintillation Proximity Assay)
and in a CC-chemokine induced cell migration assay.
[0237] SPA shows that serial dilution of recombinant
ChBP-59-HIS challenging specific chemokine/chemokine
receptor pairs can inhibit this interaction. In fact the SPA
signal due to the interaction of the bead with the radiolabeled
chemokine by means of the chemokine receptor decrease
significantly at low ChBP-59-HIS molar concentrations
(FIG. 6). The ChBP-59-HIS affinity, as determined with this
approach, seems higher for CCL3/MIP-1a (ECs,, for the inhi-
bition was 12 pM) than for CCL2/MCP-1 and CCLS5/
RANTES (EC,, for the inhibition was in the micromolar
range for both these CC-chemokines). This suggests a pos-
sible binding preference of ChBP-59 for some CC-chemok-
ines.

[0238] Finally, ChBP-59-HIS can efficiently inhibit CC-
chemokine-induced chemotaxis, in particular CCL3/MIP-
lo-induced and CCLS/RANTES-induced chemotaxis of
L1.2-CCRS5. Again, the number of migrated cells following
the exposure to a CC-chemokine was decreased proportion-
ally with the concentration of ChBP-59-HIS added in the
assay, and consequently inhibiting the interaction of the cells
with the CC-chemokine. This effect is particularly important
since it can be achieved at low ChBP-59-HIS molar concen-
trations (below 1079 M; FIG. 7).

Example 4
Characterization of ChBP-59 Activity In Vivo
Materials and Methods
a) Animals

[0239] Male Balb/C or C57B6 mice (18-22 g) were used
throughout these experiments. Animals were housed in a

temperature-controlled room with free access to water and
food.

b) Peritoneal Cell Recruitment

[0240] Eight- to 12-week-old male Balb/c or C57B6 mice
were injected intraperitoneally with 200 ul of phosphate
buffer saline (PBS, pH 7.4) or human MIP-1a (0.5 mg/Kg)
diluted into 200 ul PBS. To test inhibition, doses ranging from
0.15to 5 mg/kg of ChBP-59 in 200 pul PBS were administered
$.¢. 45 min before human MIP-1a administration (0.5 mg/kg
i.p.). At 18 h postinjection mice were sacrificed, the perito-
neal cavity was washed two times with 3 mL ofice-cold PBS,
and the total lavage was pooled for individual mice. Total cell
counts were performed in a modified Neubauer chamber
using Turk’s stain. Differential cell counts were performed on
cytospin preparations (Shandon III) stained with May Grun-
wald-Giemsa using standard morphologic criteria to identify
cell types. The results are presented as the number of cells per
cavity (FIG. 8 and F1G. 9).

c) Intravital Microscopy

[0241] Foreach experiment, 0.15 mg/Kg ofhuman MIP-1c.
in 0.1 mL of PBS was administered locally by s.c. injection
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beneath the right scrotal skin using a 30G needle, 1 h before
exteriorization. To test inhibition, the solution of ChBP-59
(0.5 mg/kg) plus MIP-1a (0.15 mg/Kg) in 100 pl PBS was
prepared 15 min before intrascrotal injection administration.
The left cremaster was then prepared for intravital micros-
copy. Briefly, an incision was made in the scrotal skin to
expose the left cremaster muscle, which was then carefully
removed from the associated fascia. A lengthwise incision
was made on the ventral surface of the cremaster muscle
using a cautery. The testicle and the epididymis were sepa-
rated from the underlying muscle and were moved into the
abdominal cavity. The muscle was then spread out over an
optically clearviewing pedestal and was secured along the
edges with 4-0 suture. The exposed tissue was superfused
with warm bicarbonate-buffered saline (pH 7.4). An intravital
microscope (Olympus BX50F4; Japan) with a 20x objective
lens and a 10x eyepiece was used to examine the cremastetic
microcirculation. A video camera (5100 HS; Panasonic,
Osaka, Japan) was used to project the images onto a monitor,
and the images were recorded for playback analysis using a
conventional videocassette recorder.

[0242] Single, unbranched cremasteric venules (25-40 pm
in diameter) were selected, and to minimize variability, the
same section of cremasteric venule was observed throughout
the experiment. The number of rolling, adherent, and emi-
grated leukocytes was determined offline during video play-
back analysis. Rolling leukocytes were defined as those cells
moving at a velocity less than that of erythrocytes within a
given vessel. The flux of rolling cells was measured as the
number of rolling cells passing by a given point in the venule
per minute. A leukocyte was considered to be adherent if it
remained stationary for at least 30 s, and total leukocyte
adhesion was quantified as the number of adherent cells
within a 100-um length of venule. Leukocyte emigration was
defined as the number of cells in the extravascular space
within area of 50 pm of distance from the venule. Only cells
adjacent to and clearly outside the vessel under study were
counted as emigrated. At the end of each experiment whole
blood was drawn by cardiac puncture. Total cell counts were
performed in a modified Neubauer chamber using Turk’s
stain. Results are presented in FIG. 10.

d) Sensitization and Induction of Th2 Cellular Recruitment
into the Lungs

[0243] Mice were immunized intraperitoneally with 2500
isolated S. mansoni eggs at days 0 and 7 of the protocol. On
day 14 mice were given anintranasal challenge of 10 ug in 10
1L of PBS to localize the response to the airway. Mice were
then rechallenged 6 days later by intratracheal administration
of 10 ug in 25 ulL of PBS or with PBS alone (vehicle). To test
inhibition, ChBP-59 (0.5 mg/kg) was administered s.c. 45
min before and 24 h after antigen challenge. At 48 h postin-
jection mice were sacrificed and lungs were filled in situ with
0.3 mL of sterile PBS via a tracheal cannula. Fluid was
withdrawn from the lungs after gentle massage to remove
cells and collected in a plastic tube on ice. This procedure was
repeated three times, and the cell suspensions recovered from
each animal were pooled for individual mice. Total cell
counts were performed in a modified Neubauer chamber
using Turk’s stain. Differential cell counts were performed on
cytospin preparations (Shandon IIT) stained with May Grun-
wald-Giemsa using standard morphologic criteria to identify
cell types. The results are presented as the number of cells per
lungs (see FIG. 11).

e) OVA-Induced Airway Inflammation

[0244] To induce airway responses to OVA, mice were
sensitized by an s.c. injection of 10 ug of OVA precipitated in
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2 mg of aluminum hydroxide (2%)in a total volume of 200 pl.
Fourteen days after sensitization, mice were aerosolized with
PBS or a solution of OVA 1% diluted in PBS during 20 min.
Totestinhibition, CbBP-59 (0.5 mg/kg) was administered s.c.
45 min before and every 12 h after antigen challenge. At48 h
postinjection mice were sacrificed and lungs were filled in
situ with 0.3 mL of sterile PBS via a tracheal cannula. Fluid
was withdrawn from the lungs after gentle massage to remove
cells and collected in a plastic tube on ice. This procedure was
repeated three times, and the cell suspensions recovered from
each animal were pooled for individual mice. Total cell
counts were performed in a modified Neubauer chamber
using Turk’s stain. Differential cell counts were performed on
cytospin preparations (Shandon III) stained with May Grun-
wald-Giemsa using standard morphologic criteria to identify
cell types. The results are presented as the number of cells per
lungs (see FIG. 12).

) Bleomycin-Induced Lung Injury

[0245] Under anesthesia (ketamine 3.2 mg/mouse and
xylazine 0.16 mg/mouse), 0.125 U Bleomycin (Bonar, Labo-
ratorio Sintética, Brasil) in 30 ul PBS was instilled into the
mouse trachea with a 25-G needle inserted between the car-
tilaginous rings of the trachea. Control animals received
saline alone. The tracheostomy site was sutured, and the
animals were allowed to recover. To test inhibition, ChBP-59
(0.5 mg/kg) was administered s.c. 45 min before and every 12
h after bleomycin insillation. At 2 or 8 days postinsillation
mice were sacrificed and lungs were filled in situ with 0.3 mL
of sterile PBS via a tracheal cannula. Fluid was withdrawn
from the lungs after gentle massage to remove cells and
collected in a plastic tube onice. This procedure was repeated
three times, and the cell suspensions recovered from each
animal were pooled for individual mice. Total cell counts
were performed in a modified Neubauer chamber using
Turk’s stain. Differential cell counts were performed on
cytospin preparations (Shandon I1T) stained with May Grun-
wald-Giemsa using standard morphologic criteria to identify
cell types. The results are presented as the number of cells per
lungs (see FIG. 13).

) Statistical Analysis

[0246] All results are presented as the means+SEM. Nor-
malized data were analyzed by one-way ANOVA, and differ-
ences between groups were assessed using Student-Newman-
Keuls post-test. A p value<0.05 was considered to be
significant.

Results

[0247] ChBP-59 was tested for its ability to inhibit the
recruitment of cells induced by MIP-1a into the peritoneal
cavity. At a single dose of 1.5 mg/kg, the most significant
inhibition was observed for granulocytes, which is not the
case in the human system where MIP-1a. recruits predomi-
nantly monocytes. A second experiment was performed with
doses ranging from 0.15-5 mg/kg on two murine strains,
Balb/C and C57B6. The number of eosinophils recruited in
the Balb/C mice was insufficient to quantitate their inhibition,
but good inhibition of neutrophils was observed in both
strains at all doses, and 0.5 mg/kg was selected for the sub-
sequent experiments. Intravital microscopy confirmed that
ChBP-59 inhibited all three steps involved in the recruitment
process, rolling, adhesion and emigration.
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[0248] Due to potent inhibition of eosinophil recruitment,
ChBP-59 was tested in its ability to inhibit the recruitment of
these cells into the Iung in a Th2 sensitisation model, as well
as in ovalbumin induced lung inflammation. In both cases
potent inhibition of eosinophil recruitment was observed,
with little effect on mononuclear cells. Since bleomycin
induced lung inflammation is mediated by the granulocyte
neutrophil, it was also tested in this model, and significant
inhibition of neutrophils was observed at both 2 days and 8
days after sensitization.

[0249] These results allow the interpretation that it would
be likely to inhibit mononuclear recruitment in the human.

[0250] Therefore, it can be concluded that ChBP-59 is a
novel protein having CC-chemokine binding properties,
thereby inhibiting the action of chemokines. This protein can
be usefully applied in human medicine as an anti-inflamma-
tory compound, as well as in problems of medical and veteri-
nary indications related to the parasitic effects of ticks,
including tick-borne infectious agents. Molecules based on
the proteins of the invention and interfering with the function
of such proteins, might disrupt the tick life-cycle, control
ectoparasites and their pathogens, or reduce tick’s ability to
transmit disease-causing organisms.

TABLE I
More Preferred
Zmino Synonymous Synonymous
Acid Group Groups

Ser Gly, Ala, Ser, Thr, Pro Thr, Ser

Arg Asn, Lys, Gln, Arg, His Arg, Lys, His

Leu Phe, Ile, Val, Leu, Met Ile, Val, Leu, Met
Pro Gly, Ala, Ser, Thr, Pro Pro

Thr Gly, Ala, Ser, Thr, Pro Thr, Ser

Ala Gly, Thr, Pro, Ala, Ser Gly, Ala

val Met, Phe, Ile, Leu, Val Met, Ile, Val, Leu
Gly Ala, Thr, Pro, Ser, Gly Gly, Ala

Ile Phe, Ile, Val, Leu, Met Ile, Val, Leu, Met

Phe Trp, Phe, Tyr Tyr, Phe
Tyr Trp, Phe, Tyr Phe, Tyr
Cys Ser, Thr, Cys Cys

His Asn, Lys, Gln, Arg, His Arg, Lys, His

Gln Glu, Asn, Asp, Gln Asn, Gln

Asn Glu, Asn, Asp, Gln Asn, Gln

Lys Agn, Lys, Gln, Arg, His Arg, Lys, His

Asp Glu, Asn, Asp, Gln Asp, Glu

Glu Glu, Asn, Asp, Gln Asp, Glu

Met Phe, Ile, Val, Leu, Met Ile, Val, Leu, Met

Trp Trp, Phe, Tyr Trp
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TABLE IT TABLE III-continued
Amino Primer Sequence (5'-3')
Aeid Synonymous Group pDESTSF TCTTCTACGGCAAGGTGCTG
Ser D-Ser, Thr, D-Thr, allo-Thr, Met, D-Met,
Met (0), D-Met (0}, L-Cys, D-Cys pDEST8R ARGCAAGTARAACCTCTACA
Arg D-Arg, Lys, D-Lys, homo-Arg, D-homo-Arg, ngzriig:jr:egggzijs:ogozz};oiequence
Met, Ile, D-.Met, D-Ile, Orn, D-Orn . X
Italic sequence = His tag
Leu D-Leu, Val, D-Val, AdaA, AdaG, Leu, D-Leu,
Met, D-Met REFERENCES
[0251] Alarcon-Chaidez F I et al., Parasite Immunol, 25:
Pro D-Pro, L-1-thicazolidine-4-carboxylic acid, 69-77, 2003.
D-or L-1-oxazolidine-4-carboxylic acid [0252] Alcami A, Nat Rev Immunol, 3: 36-50, 2003.
P [02250?6]3 Aijamali M N et al., Insect Mol Biol, 12: 299-305,
Met (0), D-Met (0}, Val, D-Val . . .
- T : [0254] Alouani S, Methods Mol Biol, 138: 135-141, 2000.
Ala  D-Ala, CGly, Aib, B-Ala, Acp, L-Cys, D-Cys [0255] Anguita J et al., Immunity, 16: 849-859, 2002.
[0256] Baggiolini M et al., Annu Rev Immunol, 15: 675-
val D-val, Leu, D-Leu, Ile, D-Ile, Met, D-Met, 705, 1997.
Adah, AdaG [0257] Baggiolini M, J Intern Med, 250: 91-104, 2001.
. [0258] Beck C G et al., J Biol Chem, 276: 43270-43276,
Gly Ala, D-Ala, Pro, D-Pro, Aib, .beta.-Ala, Acp 2001.
Ile  D-Tle, Val, D-val, Adaa, AdaG, Leu, D-Leu, [0259] Ben-Bassat A, Bioprocess Technol., 12:147-159,
Met, D-Met 1991
[0260] Brown A et al., J Pept Sci, 2:40-46, 1996.
Phe  D-Phe, Tyr, D-Thr, L-Dopa, His, D-His, Trp, [0261] Burns J M et al., J Biol Chem., 277:2785-2789,
D-Trp, Trans-3,4, or 5-phenylproline, AdaA, 2002.
Q-EZG' cis-3,4, or 5-phenylproline, Bpa, D- [0262] Bursill C A et al., Circulation, 110: 2460-2466,
2004.
Tyr D-Tyr, Phe, D-Phe, L-Dopa, His, D-His [0263] ChuangV Tet al., Pharm Res., 19: 569-577, 2002.
[0264] Clackson et al., Nature, 352:624-628, 1991.
Cys  D-Cys, S--Me--Cys, Met, D-Met, Thr, D-Thr [0265] Cleland J L et al., Curr Opin Biotechnol, 12: 212-9,
2001.
Gin  D-Gln, Asn, D-Asn, Glu, D-Glu, Asp, D-Asp [0266] ColemanR et al., Drug Discov Today, 6:1116-1126,
Asn D-Asn, Asp, D-Asp, Glu, D-Glu, Gln, D-Gln 2001.
[0267] Dougherty D A, Curr Opin Chem Biol, 4: 645-52,
Lys D-Lys, Arg, D-Arg, homo-Arg, D-homo-Arg, 2000.
Met, D-Met, Ile, D-Ile, Orn, D-Orn [0268] Fernandez E J and Lolis E, Annu Rev Pharmacol
Toxicol, 42:469-499, 2002.
Asp  D-Asp, D-Asm, Asn, Glu, D-Glu, Gln, D-Gln [0269] Ferreira B R and Silva I S, Vet Immunol Immuno-
Glu D-Glu, D-Asp, Asp, Asn, D-Asn, Gln, D-Gln pathOI’ 64: 279-293, 1998.
[0270] Gendel S M, Ann NY Acad SCI, 964: 87-98, 2002.
Met D-Met, S--Me--Cys, Ile, D-Ile, Leu, D-Leu, [0271] Glllesple R D et al., J Immunol, 166: 4319'4326,
Val, D-Val 2001.
[0272] Godessart N and Kunkel S L, Curr Opin Immunol,
13: 670-675, 2001.
[0273] Goding, Monodonal Antibodies: Principles and
TABLE II1 Practice, Academic Press, (1986) pp. 59-103
orimer Sequence (5'-3') [02474:‘]28 C3}‘0tle2boi(o)\lvskiAet al., Curr Opin Drug Discov Devel,
59-attBl  AAGCAGGCTTCGCCACCATGACGTTTAAGGCTTGCATTG [027.5] Greglslund.T et al., Protein Expr Purif.,, 9: 125-132,
forward 1997,
59-attB2 GTGATGGTGATGGTGATTCTTCTTGTCTCGCCAATTG [0276] Greenwald R B et al., Adv Drug Deliv Rev, 55:
reverse 217-250, 2003.

GCP forvard GGGGACAAGTTTGTACAAAAAAGCAGGCTTCGCCACC

GCP reverse GGGGACCACTTTGTACAAGAAAGCTGGGTTTCAATGGTG
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SEQUENCE LISTING

<l60> NUMBER OF SEQ ID NOS: 18

<210> SEQ ID NO 1

<211> LENGTH: 247

<212> TYPE: PRT

<213> ORGANISM: Ectromelia virus

<400> SEQUENCE: 1

Met Lys Gln Tyr Ile Val Leu Ala Cys Ile Cys Leu Ala Ala Ala Ala

1 5 10 15

Ile Pro Thr Ser Leu Gln Gln Ser Phe Ala Ser Ser Cys Thr Glu Glu

20 25 30
Glu Asn Asn His His Met Gly Ile Asp Val Ile Ile Lys Val Thr Lys
35 40 45
Gln Asp Gln Thr Pro Thr Asn Asp Lys Ile Cys Gln Ser Val Thr Glu
50 55 60

Val Thr Glu Ser Glu Asp Asp Gly Val Ser Glu Glu Val Val Lys Gly

65 70 75 80

Asp Pro Thr Thr Tyr Tyr Thr Val Val Gly Gly Gly Leu Arg Met Asn

85 90 95
Phe Gly Phe Thr Lys Cys Pro Gln Ile Lys Ser Ile Ser Glu Ser Ala
100 105 110
Asp Gly Asn Thr Val Asn Ala Arg Leu Ser Ser Val Ser Pro Met Tyr
115 120 125
Gly Ile Glu Ser Pro Ala Ile Thr His Glu Glu Ala Leu Ala Met Ile
130 135 140
Asn Asp Cys Ala Val Ser Ile Asn Ile Lys Cys Ser Glu Glu Glu Lys
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-continued

145 150 155 160

Agp Ser Asn Ile Lys Thr His Pro Val Leu Gly Ser Asn Ile Ser His
165 170 175

Lys Lys Val Arg Tyr Glu Asp Ile Ile Gly Ser Thr Ile Val Asp Ile
180 185 190

Lys Cys Val Lys Asp Leu Glu Phe Ser Val Arg Ile Gly Asp Met Cys
195 200 205

Lys Glu Ala Ser Glu Leu Glu Val Lys Asp Gly Phe Lys Tyr Ile Asp
210 215 220

Gly Ser Val Ser Glu Gly Ala Thr Asp Asp Thr Ser Leu Ile Asp Ser
225 230 235 240

Thr Lys Leu Lys Ala Cys Val
245

<210> SEQ ID NO 2

«211> LENGTH: 744

<212> TYPE: DNA

<213> ORGANISM: Ectromelia virus

<400> SEQUENCE: 2

atgaaacaat atatcgtcct ggcatgcata tgcctggegg cagetgetat cectaccagt 60
cttcagcaat cattcgcatc ctegtgtacg gaagaagaaa acaaccatca tatgggaatce 120
gatgttatta tcaaagtcac caagcaagac caaacaccga ctaatgataa gatttgtcaa 180

teagtaacey aagttacaga gtetgaagac gatggggtat cegaagaagt cgtaaaagga 240

gatcccacca cttattacac tgtcgteggt ggaggtctga gaatgaactt tggattcacce 300
aaatgtcctce agattaaatc catctcagaa tccgctgatg gaaacacagt gaatgctcgg 360
ttgtctagcg tctcteccaat gtacggcatt gaatctccag ccatcactca tgaagaagct 420
cttgctatga tcaacgactg tgeggtgtet atcaatatca aatgtagtga agaagagaaa 480
gacagcaaca tcaagaceca tecagtacte gggtetaaca tetetecataa gaaagtgagg 540
tacgaagata tcatcggttc aacgatcgtc gatataaaat gtgtcaagga tctagagttt 600
agcgttcgta tcggagacat gtgcaaggaa gcatctgaac ttgaagtcaa ggatggattc 660
aagtatatcg acggatcggt atctgaaggt gcaaccgatg atacttcact catcgattca 720
acaaaactca aagcgtgtgt ctga 744

<210> SEQ ID NO 3

<211> LENGTH: 460

<212> TYPE: DNA

<213> ORGANISM: Rhipicephalus sanguineus

<400> SEQUENCE: 3

ggccattacyg gecgggggca catccacagg ttcagtatta getgattgac gtegttagty 60

gaattcaact tgtttageac tatgacgttt aaggettgea ttgecatcat aactgcactt 120

tgtgcaatge aagttatatg tgaagatgat gaagattatg gagacttagg aggatgccca 180

tttttagtty ctgagaataa aacagggtac ccgacaatcyg tggcgtgtaa acaagactge 240
aatggtacaa ccgagactgc tccaaacgge acacgttget tttcegattgg tgatgaagga 300
ctcagaagaa tgacggcaaa ccttecttac gactgeccte taggacaatg cagtaatgga 360

gactygecatte ccaaggaaac atacgaggta tgetacagac geaattggeg agacaagaay 420
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-continued

aattaagaat gacctgattc ctggaaaaaa aaaaaaaaaa 460

<210> SEQ ID NO 4

<211> LENGTH: 342

<212> TYPE: DNA

<213> ORGANISM: Rhipicephalus sanguineus

<400> SEQUENCE: 4

atgacgttta aggcttgcat tgccatcata actgcacttt gtgcaatgca agttatatgt 60

gaagatgatg aagattatgg agacttagga ggatgcccat ttttagttge tgagaataaa 120

acagggtace cgacaategt ggegtgtaaa caagactgea atggtacaac cgagactget 180
ccaaacggca cacgttgett ttecgattggt gatgaaggac tcagaagaat gacggcaaac 240
cttccttacg actgcecctct aggacaatgc agtaatggag actgcattcc caaggaaaca 300
tacgaggtat gctacagacg caattggcga gacaagaaga at 342

<210> SEQ ID NO 5

<211> LENGTH: 114

<212> TYPE: PRT

<213> ORGANISM: Rhipicephalus sanguineus

<400> SEQUENCE: 5

Met Thr Phe Lys Ala Cys Ile Ala Ile Ile Thr Ala Leu Cys Ala Met
1 5 10 15

Gln Val Ile Cys Glu Asp Asp Glu Asp Tyr Gly Asp Leu Gly Gly Cys
20 25 30

Pro Phe Leu Val Ala Glu Asn Lys Thr Gly Tyr Pro Thr Ile Val Ala
35 40 45

Cys Lys Gln Asp Cys Asn Gly Thr Thr Glu Thr Ala Pro Asn Gly Thr
50 55 60

Arg Cys Phe Ser Ile Gly Asp Glu Gly Leu Arg Arg Met Thr Ala Asn
65 70 75 80

Leu Pro Tyr Asp Cys Pro Leu Gly Gln Cys Ser Asn Gly Asp Cys Ile
85 90 95

Pro Lys Glu Thr Tyr Glu Val Cys Tyr Arg Arg Asn Trp Arg Asp Lys
100 105 110

Lys Asn

<210> SEQ ID NO 6

<211> LENGTH: 94

<212> TYPE: PRT

<213> ORGANISM: Rhipicephalus sanguineus

<400> SEQUENCE: 6

Glu Asp Asp Glu Asp Tyr Gly Asp Leu Gly Gly Cys Pro Phe Leu Val
1 5 10 15

Ala Glu Asn Lys Thr Gly Tyr Pro Thr Ile Val Ala Cys Lys Gln Asp
20 25 30

Cys Asn Gly Thr Thr Glu Thr Ala Pre Asn Gly Thr Arg Cys Phe Ser
35 40 45

Ile Gly Asp Glu Gly Leu Arg Arg Met Thr Ala Asn Leu Pro Tyr Asp
50 55 60

Cys Pro Leu Gly Gln Cys Ser Asn Gly Asp Cys Ile Pro Lys Glu Thr
65 70 75 80
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-continued

Tyr Glu Val Cys Tyr Arg Arg Asn Trp Arg Asp Lys Lys Asn
85 90

<210> SEQ ID NO 7

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 7

aagcaggett cgecaccatg acgtttaagg cttgeattg 39

<210> SEQ ID NO 8

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 8

gtgatggtga tggtgattct tcttgtcteg ccaattg 37

<210> SEQ ID NO ¢

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: S

ggggacaagt ttgtacaaaa aagcaggcett cgccacc 37

<210> SEQ ID NO 10

<211> LENGTH: 51

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 10

ggggaccact ttgtacaaga aagctgggtt tcaatggtga tggtgatggt g 51

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer segquence

<400> SEQUENCE: 11

gccagcttgg cacttgatgt 20
<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 12

gatggaggtyg gacgtgtcag 20
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<210> SEQ ID NO 13
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 13

tettetacgy

caaggtgctyg

<210> SEQ ID NO 14
<211> LENGTH: 20

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer sequence

<400> SEQUENCE: 14

aagcaagtaa

aacctctaca

<210> SEQ ID NO 15
<211> LENGTH: 430

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: DNA encoding ChBP-59-His fusion protein

<400> SEQUENCE: 15

ggggacaagt

catcataact
cttaggagga
gtgtaaacaa
gattggtgat
acaatgcagt
ttggcgagac

agtggtccce

ttgtacaaaa
gcactttgtg
tgcccatttt
gactgcaatg
gaaggactca
aatggagact

aagaagaatc

<210> SEQ ID NO 16
<211> LENGTH: 360

<212> TYPE:

DNA

aagcaggett
caatgcaagt
tagttgctga
gtacaaccga
gaagaatgac
gcatteccaa

accatcacca

cgecaccatg
tatatgtgaa
gaataaaaca
gactgctcca
ggcaaacctt
ggaaacatac

tcaccattga

<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: ORF encoding ChBP-59-His

<400> SEQUENCE: 16

atgacgttta
gaagatgatyg
acagggtace
ccaaacggca
cttecttacy

tacgaggtat

aggcttgcat
aagattatgg
cgacaategt
cacgttgett
actgcectet

gctacagacyg

<210> SEQ ID NO 17
<211> LENGTH: 120

<212> TYPE:

PRT

tgccatcata
agacttagga
ggcgtgtaaa
ttcgattggt
aggacaatgc

caattggcega

actgcacttt
ggatgcccat
caagactgea
gatgaaggac
agtaatggag

gacaagaaga

<213> ORGANISM: Artificial sequence

acgtttaagg cttgecattge
gatgatgaag attatggaga
gggtacccga caatcgtgge
aacggcacac gttgcttttc
ccttacgact gccctctagyg
gaggtatget acagacgcaa

aacccagcett tettgtacaa

gtgcaatgca agttatatgt
ttttagttgc tgagaataaa
atggtacaac cgagactgcet
tcagaagaat gacggcaaac
actgcattec caaggaaaca

atcaccatca ccatcaccat

20

20

60

120

180

240

300

360

420

430

60

120

180

240

300

360
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<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE:

Met

1

Gln

Pro

Cys

Arg

Leu

Pro

Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Glu Asp Asp Glu

1

Ala Glu

Cys Asn

Ile Gly

Cys Pro

65

Tyr Glu

His His

Val

Asn

ChBP-59-HIS fusion protein

17

Thr Phe Lys Ala Cys Ile Ala Ile Ile Thr Ala Leu

5 10
Ile Glu

Cys Glu

20

Asp Asp Asp

25

Tyr Gly Asp Leu

Phe Val Ala Glu Thr Pro Thr

45

Leu Asn

35

Lys
40

Gly Tyr

Gln Thr Thr Glu Thr Ala Pro

60

Lys Asn

50

Asp Cys Gly

55

Cys Phe Ser Ile Gly Glu Leu

70

Asp Gly Arg

75

Arg Met

Pro Tyr Asp Cys Pro Leu Gln Ser

85

Gly Cys

90

Asn Gly

Glu Thr

100

Lys Tyr Glu Val Cys Tyr

105

Arg Arg Asn Trp

His
120

His His His His His

115

SEQ ID NO 18

LENGTH: 100

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: Mature form of ChBP-59-HIS

SEQUENCE: 18

Asp Tyr Gly Asp Leu Gly
5 10

Gly Cys Pro

Thr Thr

25

Asn Lys Pro Ile Val

20

Gly Tyr Ala Cys

Thr Thr Glu Thr Ala

40

Gly Pro Asn

35

Gly Thr Arg

45

Glu Met Thr Ala Asn Leu

60

Asp Gly Leu Arg

55

Arg
50

Leu Gly Gln Cys Ser Asn Ile Pro

70

Gly Asp Cys

75

Val Cys Tyr Asn

85

Arg Arg Trp Arg

90

Asp Lys Lys

His
100

His

Cys

Gly

30

Ile

Asn

Thr

Asp

Arg
110

Ala

Gly

Val

Gly

Ala

Cys

95

Asp

Met

Cys

Ala

Thr

Asn

80

Ile

Lys

fusion protein

Phe

Lys

30

Cys

Pro

Lys

Asn

Leu

15

Gln

Phe

Tyr

Glu

His
95

Val

Asp

Ser

Asp

Thr

80

His

1-43. (canceled)
44. A composition of matter comprising:

a) a polypeptide comprising;

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID

NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ 1D NO: 6 which has an immuno-
modulatory activity;

ii1) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 17 which binds to aCC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
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SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity; or

v) aprotein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein ofi), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
70% identical to a protein of i), ii), iii) or iv) and which
binds a CC-chemokine, a fragment of a protein of 1),
ii), iii) or iv) which binds to a CC-chemokine, or a
fragment protein of i), ii), iii) or iv) which has an
immunomodulatory activity;

b) a nucleic acid molecule encoding a polypeptide com-

prising:

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

1i1) the amino acid sequence of ChBP-59-HIS (SEQ 1D
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) aprotein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein ofi), ii), iil) ot iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
70% identical to a protein of 1), 11), 1ii) or iv) and which
binds a CC-chemokine, a fragment of a protein of 1),
i1), 1i1) or iv) which binds to a CC-chemokine, or a
fragment protein of i), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence;

¢) an oligonucleotide that comprises a fragment of a
nucleic acid of at least about 20 nucleotides in length, at
least about 30 nucleotides in length, or at least about 50
nucleotides in length, wherein said oligonucleotide frag-
ment is obtained from a nucleic acid molecule encoding
a polypeptide comprising:
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i) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

ii1) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) aprotein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein of1), i), iil) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
binds a CC-chemokine, a fragment of a protein of 1),
i), 1ii) or iv) which binds to a CC-chemokine, or a
fragment protein of 1), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
protein of 1), i), 1i1), iv) or v) operably linked to one or
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence;

d) a cloning or expression vector comprising a nucleic acid

molecule encoding a polypeptide comprising:

i) the amino acid sequence of ChBP-59 (SEQ ID NQ: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

i1) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

ii1) the amino acid sequence of ChBP-59-HIS (SEQ 1D
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) a protein comprising an amino acid sequence of
mature ChBP-59-HIS (SEQ ID NO: 18), a protein at
least 70% identical to SEQ ID NO: 18 and which
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binds a CC-chemokine, a fragment of SEQ IDNO: 18
which binds to a CC-chemokine, or a fragment of
SEQ ID NO: 18 which has an immunomodulatory
activity;

v) aprotein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aproteinofi), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
70% identical to a protein of 1), 1i), iii) or iv) and which
binds a CC-chemokine, a fragment of a protein of 1),
ii), iii) or iv) which binds to a CC-chemokine, or a
fragment protein of 1), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence;

¢) a host cell comprising a nucleic acid molecule encoding

a polypeptide comprising:

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

1i1) the amino acid sequence of ChBP-59-HIS (SEQ 1D
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

1v) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) aprotein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aproteinofi), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
70% identical to a protein of 1), 1i), iii) or iv) and which
binds a CC-chemokine, a fragment of a protein of 1),
ii), iii) or iv) which binds to a CC-chemokine, or a
fragment protein of 1), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence;
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) a non-human transgenic animal comprising a nucleic

acid molecule encoding a polypeptide comprising:

1) the amino acid sequence of ChBP-59 (SEQID NQ: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ 1D
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

iii) the amino acid sequence of ChBP-59-HIS (SEQ 1D
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQ IDNO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) a protein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein of1), i1), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
binds a CC-chemokine, a fragment of a protein of i),
i), 111) or 1v) which binds to a CC-chemokine, or a
fragment protein of i), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
protein of 1), i1}, 1i1), iv) or v) operably linked to one or
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence;

¢) an isolated antibody that binds to a polypeptide com-

prising:

i) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity,

i1) the amino acid sequence of mature ChBP-59 (SEQ 1D
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

iii) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;
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iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) aprotein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
a protein of 1), ii), iii) or iv) tinder moderately strin-
gent conditions, said nucleic acid molecule encoding
aprotein that binds a CC-chemokine, a protein at least
70% identical to a protein of 1), 11), 1ii) or iv) and which
binds a CC-chemokine, a fragment of a protein of 1),
i1), 1i1) or iv) which binds to a CC-chemokine, or a
fragment protein of i), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a

more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence;

45. The composition of matter according to claim 44,
wherein said polypeptide has one or more amino acid resi-
dues that have been added, deleted or substituted and wherein
said polypeptide binds a CC-chemokine.

46. The composition of matter according to claim 45,
wherein said polypeptide comprises:

a) a cysteine residue in the position corresponding to resi-

dues 32, 49, 53, 66, 85, 90, 95, and 104 of ChBP-59
according to SEQ ID NO: 5; and

b) a glycosylation site in the position corresponding to
Asparagine 39, 54, and 62 of ChBP-59 according to
SEQID NO: 5.

47. The composition of matter according to claim 45,
wherein said amino acid addition(s), deletion(s), or substitu-
tion(s) reduce the immunogenicity of said polypeptide when
administered to a mammal.

48. The composition of matter according to claim 46,
wherein said amino acid addition(s), deletion(s), or substitu-
tion(s) reduce the immunogenicity of said polypeptide when
administered to a mammal.

49. The composition of matter according to claim 44,
wherein said polypeptide further comprises one or more het-
erologous sequences selected from: an extracellular domain
of a membrane-bound protein, an immunoglobulin constant
region, a multimerization domain, a heterodimeric protein
hormone, asignal peptide, an export signal, or a tag sequence.

50. The composition of matter according to claim 44,
wherein said polypeptide is post-translationally modified.

51. The composition of matter according to claim 50,
wherein said polypeptide is glycosylated or PEGylated.

52. The composition of matter according to claim 44,
wherein said nucleic acid molecule is a DNA or cDNA mol-
ecule.

53. The composition of matter according to claim 44,
wherein said nucleic acid molecule comprises SEQ ID NO: 3,
4,15 or 16.

54. The composition of matter according to claim 44,
wherein said cloning or expression vector further comprises a
promoter operably associated to said nucleic acid molecule.
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55. The composition of matter according to claim 54,
wherein said promoter is a tissue specific, a constitutive or an
inducible promoter.

56. The composition of matter according to claim 44,
wherein said composition of matter comprises an antibody
and said antibody is a monoclonal antibody, a chimeric anti-
body, a humanized antibody, ahuman antibody or an antibody
fragment selected from a Fab, F(ab),, scFv or a domain anti-
body.

57. The composition of matter according to claim 44,
wherein said composition of matter comprises a polypeptide,
a nucleic acid, or a host cell and a pharmaceutically accept-
able diluent or carrier.

58. A method of preparing a polypeptide, comprising cul-
turing a host cell under conditions allowing or promoting
expression, wherein said host cell comprises a nucleic acid
molecule encoding a polypeptide comprising;

1) a protein comprising an amino acid sequence of ChBP-
59 (SEQ ID NO: 5), a protein at least 70% identical to
SEQ ID NO: 5 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 5 which binds to a
CC-chemokine, or a fragment of SEQ ID NO: 5 which
has an immunomodulatory activity;

ii) a protein comprising an amino acid sequence of mature
ChBP-59 (SEQ ID NO: 6), a protein at least 70% iden-
ticalto SEQ IDNO: 6 and which binds a CC-chemokine,
a fragment of SEQ ID NO: 6 which binds to a CC-
chemokine, ora fragment of SEQ ID NO: 6 which has an
immunomodulatory activity;

iil) a protein comprising an amino acid sequence of ChBP-
59-HIS (SEQ ID NO: 17), a protein at least 70% iden-
tical to SEQ ID NO: 17 and which binds a CC-chemok-
ine, a fragment of SEQ ID NO: 17 which binds to a
CC-chemokine, or a fragment of SEQ ID NO: 17 which
has an immunomodulatory activity;

iv) a protein comprising an amino acid sequence of mature
ChBP-59-HIS (SEQ ID NO: 18), a protein at least 70%
identical to SEQ ID NO: 18 and which binds a CC-
chemokine, a fragment of SEQ ID NO: 18 which binds
to a CC-chemokine, or a fragment of SEQ 1D NO: 18
which has an immunomodulatory activity;

v) a protein encoded by a nucleic acid molecule capable of
hybridization to a nucleic acid sequence encoding a
protein of 1), 11), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a pro-
tein that binds a CC-chemokine, a protein at least 70%
identical to a protein of1), i), iii) or iv) and which binds
a CC-chemokine, a fragment of a protein of i), ii), iii) or
iv) which binds to a CC-chemokine, or a fragment pro-
tein of1), i), iii) or iv) which has an immunomodulatory
activity; or

vi) a fusion protein, said fusion protein comprising a pro-
tein of1), 11), iii), 1v) or v) operably linked to one or more
amino acid sequences selected from: an extracellular
domain of a membrane-bound protein, an immunoglo-
bulin constant region, a multimerization domain, a sig-
nal peptide, an export signal or a tag sequence.

59. The method according to claim 56, further comprising

purifying the protein.

60. The method according to claim 56, further comprising
formulating the protein for human administration.

61. The method according to claim 57, further comprising
formulating the protein for human administration.
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62. A method of regulating an immune or inflammatory
response in an animal in need thereof, comprising adminis-
tering a therapeutically effective amount of a protein com-
prising:

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5), a
protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment of
SEQ ID NO: 5 which has an immunomodulatory activ-
ity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID NO:
6 and which binds a CC-chemokine, a fragment of SEQ
ID NO: 6 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 6 which has an immunomodulatory
activity;

i) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID NO:
17 and which binds a CC-chemokine, a fragment of SEQ
ID NO: 17 which binds to a CC-chemokine, or a frag-
ment of SEQ ID NO: 17 which has an immunomodula-
tory activity;

iv) the amino acid sequence of mature ChBP-59-HIS (SEQ
ID NO: 18), a protein at least 70% identical to SEQ ID
NO: 18 and which binds a CC-chemokine, a fragment of
SEQ ID NO: 18 which binds to a CC-chemokine, or a
fragment of SEQ ID NO: 18 which has an immuno-
modulatory activity; ot

v) a protein encoded by a nucleic acid molecule capable of
hybridization to a nucleic acid sequence encoding a
protein of 1), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a pro-
tein that binds a CC-chemokine, a protein at least 70%
identical to a protein of 1), ii), iii) or iv) and which binds
a CC-chemokine, a fragment of a protein of 1), ii), iii) or
1v) which binds to a CC-chemokine, or a fragment pro-
tein of1), i), iii) or iv) which has an immunomodulatory
activity.

63. The method according to claim 62, wherein said
method immunizes an animal against a blood-feeding ecto-
parasite.

64. The method according to claim 62, wherein said
method treats a CC-chemokine related disease.

65. A kit for detecting a CC-chemokine or an analogue, a
CC-chemokine binding protein or a receptor, the interaction
of CC-chemokine and a CC-chemokine binding protein, or
antagonists or agonists of said interaction, comprising a
detecting reagent and at least a compound selected from:

a) a polypeptide comprising:

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

1i1) the amino acid sequence of ChBP-59-HIS (SEQ 1D
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
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of SEQ ID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity; or

v) a protein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein of1), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
70% identical to a protein ofi), ii), iii) or iv) and which
binds a CC-chemokine, a fragment of a protein of 1),
i), 11i) or 1iv) which binds to a CC-chemokine, or a
fragment protein of i), ii), iii) or iv) which has an
immunomodulatory activity;

b) a nucleic acid molecule encoding a polypeptide com-

prising:

1) the amino acid sequence of ChBP-59 (SEQID NQ: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ 1D
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

i1) the amino acid sequence of mature ChBP-59 (SEQ 1D
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

iii) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) a protein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein ofi), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
binds a CC-chemokine, a fragment of a protein of i),
i), 1i1) or 1v) which binds to a CC-chemokine, or a
fragment protein of i), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
protein of1), i), iii), iv) or v) operably linked to one or
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence;

¢) an oligonucleotide that comprises a fragment of a

nucleic acid of at least about 20 nucleotides in length, at
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least about 30 nucleotides in length, or at least about 50
nucleotides in length, wherein said oligonucleotide frag-
ment is obtained from a nucleic acid molecule encoding
a polypeptide comprising:

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

11) the amino acid sequence of mature ChBP-59 (SEQ 1D
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

iil) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

1v) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) aprotein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aproteinofi), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
70% identical to a protein of i), ii), iii) or iv) and which
binds a CC-chemokine, a fragment of a protein of 1),
ii), iii) or iv) which binds to a CC-chemokine, or a
fragment protein of 1), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence; or

d) an isolated antibody that binds to a polypeptide com-

prising:

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

1i1) the amino acid sequence of ChBP-59-HIS (SEQ 1D
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
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of SEQ ID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) a protein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein of1), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
70% identical to a protein ofi), ii), iii) or iv) and which
binds a CC-chemokine, a fragment of a protein of 1),
i), 11i) or 1iv) which binds to a CC-chemokine, or a
fragment protein of i), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
protein of 1), ii), iii), iv) or v) operably linked to one or
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence.

66. A method for detecting in vitro or in vivo a
CC-chemokine or an analogue, a CC-chemokine binding pro-
tein or a receptor, the interaction of CC-chemokine and a
CC-chemokine binding protein, or antagonists or agonists of
said interaction, wherein said method comprises contacting a
sample with a compound selected from:

a) a polypeptide comprising;

i) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

i1) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ 1D
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

ii) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO:18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity; or

v) a protein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein ofi), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
70% identical to a protein of1), ii), iii) or iv) and which
binds a CC-chemokine, a fragment of a protein of i),



US 2009/0068173 Al

ii), iii) or iv) which binds to a CC-chemokine, or a
fragment protein of 1), ii), iii) or iv) which has an
immunomodulatory activity;

b) a nucleic acid molecule encoding a polypeptide com-

prising:

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

iil) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQID NO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) aprotein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein ofi), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
70% identical to a protein of i), ii), iii) or iv) and which
binds a CC-chemokine, a fragment of a protein of 1),
ii), iii) or iv) which binds to a CC-chemokine, or a
fragment protein of i), ii), iii) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence;

¢) an oligonucleotide that comprises a fragment of a

nucleic acid of at least about 20 nucleotides in length, at

least about 30 nucleotides in length, or at least about 50

nucleotides in length, wherein said oligonucleotide frag-

ment is obtained from a nucleic acid molecule encoding

a polypeptide comprising:

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

ii) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;
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ii1) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQIDNO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) aprotein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein of1), i1), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
binds a CC-chemokine, a fragment of a protein of 1),
i), 1i1) or 1v) which binds to a CC-chemokine, or a
fragment protein of 1), ii), iil) or iv) which has an
immunomodulatory activity; or

vi) a fusion protein, said fusion protein comprising a
protein of 1), i1}, 1i1), iv) or v) operably linked to one or
more amino acid sequences selected from: an extra-
cellular domain of a membrane-bound protein, an
immunoglobulin constant region, a multimerization
domain, a signal peptide, an export signal or a tag
sequence; or

d) an isolated antibody that binds to a polypeptide com-

prising:

1) the amino acid sequence of ChBP-59 (SEQ ID NO: 5),
a protein at least 70% identical to SEQ ID NO: 5 and
which binds a CC-chemokine, a fragment of SEQ ID
NO: 5 which binds to a CC-chemokine, or a fragment
of SEQ ID NO: 5 which has an immunomodulatory
activity;

i1) the amino acid sequence of mature ChBP-59 (SEQ ID
NO: 6), a protein at least 70% identical to SEQ ID
NO: 6 and which binds a CC-chemokine, a fragment
of SEQ ID NO: 6 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 6 which has an immuno-
modulatory activity;

ii1) the amino acid sequence of ChBP-59-HIS (SEQ ID
NO: 17), a protein at least 70% identical to SEQ ID
NO: 17 and which binds a CC-chemokine, a fragment
of SEQIDNO: 17 which binds to a CC-chemokine, or
a fragment of SEQ ID NO: 17 which has an immuno-
modulatory activity;

iv) the amino acid sequence of mature ChBP-59-HIS
(SEQ ID NO: 18), a protein at least 70% identical to
SEQ ID NO: 18 and which binds a CC-chemokine, a
fragment of SEQ ID NO: 18 which binds to a CC-
chemokine, or a fragment of SEQ ID NO: 18 which
has an immunomodulatory activity;

v) a protein encoded by a nucleic acid molecule capable
of hybridization to a nucleic acid sequence encoding
aprotein of1), ii), iii) or iv) under moderately stringent
conditions, said nucleic acid molecule encoding a
protein that binds a CC-chemokine, a protein at least
binds a CC-chemokine, a fragment of a protein of 1),
it), 1ii) or iv) which binds to a CC-chemokine, or a



US 2009/0068173 Al Mar. 12, 2009
33

fragment protein of i), ii), iii) or iv) which has an cellular domain of a membrane-bound protein, an
immunomodulatory activity; or immunoglobulin constant region, a multimerization
. . . . . . .. domain, a signal peptide, an export signal or a tag
vi) a fusion protein, said fusion protein comprising a sequence.
protein of1), ii), iii), iv) or v) operably linked to one or
more amino acid sequences selected from: an extra-
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