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BISPEQAC ANTI-CXCR7 IMMUNOGLOBULIN SNGLE VARIABLE DOMAINS

Feld of the Invention

The present invention relates to biological materials and methods related to CXCR7 including
polypeptides, nucleic acids encoding such polypeptides; methods for preparing such polypeptides;
host cells expressing or capable of expressing such polypeptides; compositions including
pharmaceutical compositions that comprise such polypeptides, such as for prophylactic, therapeutic

or diagnostic purposes.

Background of the Invention

Any discussion of the prior art throughout the specification should in no way be considered as an
admission that such prior art is widely known or forms part of common general knowledge in the
field.

Although it is suggested in the art i) that the blockage of CXCOR7 employed along with CXCR4 blockage
may be useful for the treatment of DF1-dependent tumor progression and metastasis (RB Maksym
et al., 2009, The role of stromal-derived factor-1 — CXCR7 axis in development of cancer, European
Journal of Pharmacology, 625 (1-3), pages 31-40) and ii) that some small molecular inhibitors, such as
OCX733 or OCX266, siANA and blocking antibodies (clones Mab 11G8, Mab 9C4 see eg.,
US20070167443; clone 358426 (R&D Systems); Mab 8F11 (Biolegend)), may be useful for therapeutic
interference with CXCR4-mediated activation of integrins (TN Hartmann et al., 2008, A crosstalk
between intracellular CXCR7 and CXCR4 involved in rapid CXCL12-triggered integrin activation but
not in chemokine-triggered motility of human T lymphocytes and CD34+ cells, Journal of Leukocyte
Biology, 84, pages 11301140), the biology of CXCRY is still poorly understood as the mechanism(s) of
action through which CXCR7 acts is unclear because i) it may act as a kind of decoy or signalling
receptor depending on cell type — RM Maksym et al., supra and since i) the interplay between |-TAC
and F1 binding to CXCR7 is unclear.

The identification of selective therapeutically effective anti-GXCR7 agents is not only challenging
because of its poorly understood biology (such as e.g., mechanism of action, e.g., of the potentia
agonists QCX733 or OCX266 versus antagonists, interplay with CXCR4, recognition of important
epitopes, cross-reactivity of the compounds OGCX733 or OCX266 and associated toxicity), it is also
acknowledged in the art (see e.g., Naunyn-Schmied Archives Pharmacology 379: 385-388) that the
generation of an anti-GPCR therapeutic agent such as an anti-CXCR7 agent is difficult since i) the

native conformation of active CGXCR7 in cancer cells is not exactly known, and ii) it is expected that
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CXCR7 shows low immunogenicity (due to a limited number of extracellular surface exposed amino

acid residuesthat are in addition very conserved, e.g., mouse-human CXCR7 is 96%homologous).

Furthermore, compounds (OCX733, OCX754), which can selectively block binding of CGXCL11 and
CXCL12 to GXCRY, function like chemokine ligands with respect to homodimerization, i.e., they
enhance CXCR7 homodimerization by 2.5 to 3.5 fold with significant increases (P<0.05) first detected
at 10 and 100 nM (KE Luker et al., 2009, Imaging chemokine receptor dimerization with firefly
luciferase complementation, FASEBjournal, 23, pages 823-834).

CXCRY has been attributed a potential role in tumour development because its expression provides
cells with a growth and survival advantage. It was recently demonstrated that CXCR7 promotes the
growth of breast and lung tumours and enhances lung metastases (Proc. Natl. Acad. Si. USA 2007
104:15735-15740). Moreover, CXCRY expression is correlated with tumour aggressivenessin prostate
cancer (JBiol.Chem 2008 283:4283-4294). Administration of a small molecule antagonist to CXCR7
resulted in impediment of tumour growth in animal models, validating CXCR/ as target for
development of novel cancer therapeutics (J.Exp.Med. 2006 203:2201-2213).

Head and neck cancers are among the most prevalent tumors in the world. Despite advances in the
treatment of head and neck tumors, the survival of patients with these cancers has not markedly
improved over the past several decades because of the inability to control and poor understanding of
the regional and distant spread of this disease. Head and neck cancers consistently rank among the
six most frequently diagnosed cancers in the world. Cancers of the oral cavity and pharynx alone
account for some 300,000 new cases worldwide and little under 200,000 deaths annually. Over 90%
of head and neck cancers are squamous cell carcinomas of the upper aerodigestive tract, including
the oral cavity, pharynx, larynx, and paranasal sinuses. In addition, epithelial head and neck tumors
can arise in the salivary and thyroid glands. Despite advances in our understanding and advances in
the prevention and treatment of head and neck cancers, the survival of patients with head and neck

cancers has not significantly improved over the past several decades.

Summary of the Invention

WQO2006/116319 and WO2008/048519 both note that the production of antibodies to Gprotein
coupled receptors (GPCRs) has been notoriously difficult. Indeed, the generation of a conventional
anti-CXCR7 antibody has been described only in a limited number of cases, e.g., in WO2006/ 116319
for conventional antibodies 11G8, 6E10 and in Zabel et al. for conventional antibody 8F11 (Zabel et
al., 2009, Hucidation of CXCR7 mediated signalling events and inhibition of CXCR4 mediated tumor
cell transendothelial migration by CXCR7 ligands. J Immunol.; 183 (5):3204-11). However, despite
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extensive research, it is unclear at present whether these or similar antibodies are suitable for a

medical application.

Zheng et al. reports increased CXCR/ expression in hepatocellular carcinoma tissues. Down-
regulation of CXCR7 expression leads to a reduction of tumour growth in a xenograft model of HOC.
However, the authors used SVIMGC-7721 cells, which were previously transfected in vitro by CXCR7
shRNA (Zzheng et al. 2010 "Chemokine receptor CXCR7 regulates the invasion, angiogenesis and

tumour growth of human hepatocellular carcinoma cells" £ &g, Jin. Cancer Mg 2831).

Small molecules are known for side effects and unwanted effects. The small molecule CCX771 blocks
CXCL12 binding (cf. Carbajal et al; 2010 "Migration of engrafted neural stem cells is mediated by
CXCAL12 signaling through CXCR4 in a viral model of multiple sclerosis Proc Natl Acad Si USA.
107:11068-11073), on the other hand it is described as a synthetic CXCR7 ligand QCX771, which also
potently stimulates B-arrestin2 recruitment to CXCRY7, with greater potency and efficacy than the
endogenous chemokine ligands (Zabel et al. 2009 "Hucidation of CXCR7-Mediated Sgnaling Events
and Inhibition of CXCR4-Mediated Tumor Cell Transendothelial Migration by CXCR7 Ligands"
JdImmun. 183: 0000-0000). Smilarly, the small compound VUF11403 (VU Amsterdam) behaves as an

agonist in the B-arrestin assay.
Currently, there is no anti-CXCR7 drug on the market or in the dinic.

There is a need therefore for potent anti-CXCR7 agents that can explore and establish the medical
potential of this target. Furthermore, there is a need for diagnostically, preventatively, and/or
therapeutically suitable anti-CXCR7 agents.

It is an object of the present invention to overcome or ameliorate at least one of the disadvantages

of the prior art, or to provide a useful alternative.

According to a first aspect, the present invention provides a construct comprising at least one
immunoglobulin single variable domain (ISVD) that binds to and/or recognizes amino acid residue
M33, and optionally amino acid residue V32 and/ or amino acid residue M37 in CXCR7 (SEQ ID NO: 1)
and at least one ISVD that binds to and/or recognizes amino acid residue W19, and optionally &3
and/or D25 of CXCR7 (SEQIDNC: 1).

According to a second aspect, the present invention provides an immunoglobulin single variable
domain that binds to and/or recognizes amino acid residue M33, and optionally amino acid residue
V32 and/ or amino acid residue M37 in CXCR7 (SEQID NO: 1).

According to a third aspect, the present invention provides a polypeptide comprising an

immunoglobulin single variable domain of the invention.
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According to afourth agpect, the present invention provides a nucleic acid sequence encoding
i) for an immunoglobulin single variable domain of the invention;
i) for apolypeptide of the invention, or

iii) for aconstruct of the invention.

According to afifth aspect, the present invention provides a pharmaceutical composition comprising
i) an immunoglobulin single variable domain of the invention;

ii) apolypeptide of the invention; or

iii) aconstruct of the invention;

and optionally a pharmaceutically acceptable excipient.

According to a sixth aspect, the present invention provides the immunoglobulin single variable
domain of the invention, a polypeptide of the invention, or a construct of the invention when used

in cancer, preferably head or neck cancer, GBM and/or inflammatory diseases

According to a seventh aspect, the present invention provides the immunoglobulin single variable
domain of the invention, a polypeptide of the invention, or a construct of the invention when used in

rheumatoid arthritis.

According to an eighth aspect, the present invention provides the immunoglobulin single variable
domain of the invention, a polypeptide of the invention, or a construct of the invention when used in

multiple sclerosis.

According to a ninth aspect, the present invention provides a method for producing an
immunoglobulin single variable domain of the invention, a polypeptide of the invention, or a
construct of the invention, said method at least comprising the step of:

a) expressing, in a suitable host cell or host organism or in another suitable expression system,
anucleic acid or nucleotide sequence according to the invention;

optionally followed by:

b) isolating and/or purifying the immunoglobulin single variable domain of the invention, a

polypeptide of the invention, or a construct of the invention.

According to a tenth aspect, the present invention provides a method for: reducing tumour growth;
treating cancer; treating GBM; treating inflammatory disease; treating rheumatoid arthritis; or
treating multiple sclerosis, said method comprising administering a construct of the invention, a
immunoglobulin single variable domain of the invention, a polypeptide of the invention or a

pharmaceutical composition according to the invention.
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According to an eleventh aspect, the present invention provides use of a construct of the invention,
an immunoglobulin single variable domain of the invention or a polypeptide of the invention in the
manufacture of a medicament for: reducing tumour growth; treating cancer; treating GBM; treating

inflammatory disease; treating rheumatoid arthritis; or treating multiple sclerosis.

According to a twelfth aspect, the present invention provides an immunoglobulin single variable

domain; a polypeptide; or aconstruct, when produced by the method of the invention.

CXCRY is expressed on many human tumour cells but not on most healthy cells. In our tumour model
systems we found that reduction or inhibition of CXCR7 by immunoglobulin single variable domains

reduces or abolishes tumour formation in vivo.

Immunoglobulin sequences, such as antibodies and antigen binding fragments derived there from
(e.g., immunoglobulin single variable domains) are used to specifically target their respective
antigens in research and therapeutic applications. The generation of immunoglobulin single variable
domains such as e.g., VHHs may involve the immunization of an experimental animal such asa Uama,
construction of phage libraries from immune tissue, selection of phage displaying antigen binding
immunoglobulin single variable domains and screening of said domains and engineered constructs
thereof for the desired specificities (WO 94/04678). Alternatively, immunoglobulin single variable
domains such as eg., dAbs can be generated by selecting phage displaying antigen binding
immunoglobulin single variable domains directly from naive or synthetic libraries and subsequent
screening of said domains and engineered constructs thereof for the desired specificities (Ward et al,
Binding activities of a repertoire of single immunoglobulin variable domains secreted from
Escherichia coli, Nature, 1989, Oct 12; 341 (6242): 544-6); Holt et al., Trends Biotechnol., 2003,
21(11):484-490; as well as for example WO 06/030220, WO 06/003388 and other published patent
applications of Domantis Ltd.).

Targeting serum albumin to extend the half-life of biological molecules such as e.g., immunoglobulin
single variable domains has been described e.g. in WO2008/ 028977.

In other aspects, the present invention relates to polypeptides that comprise or essentially consist of
i) a first building block consisting essentialy of one or more immunoglobulin single variable
domain(s), wherein said immunoglobulin single variable domain(s) is (are) directed against CXCR7
and in particular against human CXCR7; and ii) a second building block consisting essentially of one or
more (preferably one) immunoglobulin single variable domain(s), wherein said immunoglobulin
single variable domain(s) is (are) directed against serum albumin and in particular against human
serum albumin (and even more preferably wherein said immunoglobulin single variable domain is

Alb8 (as herein defined)). Furthermore, the invention also relates to nudleic acids encoding such
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polypeptides; to methods for preparing such polypeptides; to host cells expressing or capable of
expressing such polypeptides; to compositions, and in particular to pharmagceutical compositions that
comprise such polypeptides, nucleic acids and/ or host cells; and to uses of such polypeptides, nucleic
acids, host cells and/or compositions for prophylactic, therapeutic or diagnostic purposes. Other
aspects, embodiments, advantages and applications of the invention will become clear from the

further description herein.

Unless the context dearly requires otherwise, throughout the description and the claims, the words
“comprise”, “comprising”, and the like are to be construed in an inclusive sense as opposed to an

excdusive or exhaustive sense; that isto say, in the sense of “including, but not limited to”.

Brief Description of the Drawings
Hgure 1 shows an SDF1 competition experiment using FACS
Hgure 2 shows an Mab 11G8 competition experiment using FACS
Hgure 3 shows an immunohistochemical analysis of CXCR7 expression in primary tumor sections.

Hgure 4 shows profiling of CXCR7 mRNA in head and neck cancer cell lines 11B, 22A, 22B, FaDu, OE
and 93-VU-147 by gPCR

Figure 5 shows a ['?°[]-CXCL12 competition experiment on head and neck cancer cell lines 11B, 22A,
22B, FaDu, OE and 93-VU-147 with ligand CXCL11, CXCL12, Nanobody 09A04 and negative controls:
no competitor (designated by "-", indicating total binding (TB)); and CXCL10 (indicating a-specific

competition).

Hgure 6 shows in vivo CXCR7 Nanobody therapy with 22A transplants in nude mice: "-" negative
control (PBS); polypeptide constructs clone 060, clone 083, clone 085 and clone 093.
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Figure 7 shows tumour velumes after 50 days of treatment with in vivo CXCR7 Nancbody therapy

with 22A transplants in nude mice: "-" negative control (PBS); polypeptide constructs clone 085 and

cione 093.

Figure 8 shows inhibition of SDF-1 binding to HEK293T hCXCR7 in the presence of 2mg/mi HSA.

a}

Description of the invention

Definitions:

Unless indicated or defined otherwise, all terms used have their usual meaning in the art, which
will be clear to the skilled person. Reference is for example made to the standard handbooks

mentioned in paragraph a) on page 46 of WO 08/020079.

Unless indicated otherwise, the term “immunoglobulin single variable domain” {ISVD) is used as
a general term 1o include but not limited to antigen-binding domains or fragments such as Vi
domains or Vy or V, domains, respectively. The terms antigen-binding molecules or antigen-
binding protein are used interchangeably and include also the term Nanobodies. The
immunoglobulin single variable domains further are light chain variable domain sequences (e.g.,
& Vi-sequence), or heavy chain variable domain sequences le.g., a Vy-sequence); more
specifically, they can be heavy chain variable domain seguences that are derived from a
conventional four-chain antibody or heavy chain variable domain sequences that are derived
from a heavy chain antibody. Accordingly, the immunoglobulin single variable domains can be
domain antibodies, or immunoglobulin sequences that are suitable for use as domain
antibodies, single domain antibodies, or immunoglobulin sequences that are suitable for use as
single domain antibodies, "dAbs”, or immunoglobulin sequences that are suitable for use as
dAbs, or Nanohodies, including but not limited to V,; sequences. The invention includes
immunoglobulin sequences of different origin, comprising mouse, rat, rabbif, donkey, human
and camelid immunoglobulin sequences. The immunogiobulin single variable domain includes
fully human, humanized, otherwise sequence optimized or chimeric immunoglobulin sequences.
The immunoglobulin single variable domain and structure of an immunoglobulin single variable
domain can be considered - without however being limited thereto - to be comprised of four
framework regions or “FR's”, which are referred to in the art and herein as “Framework region
17 or “FR1"; as “Framework region 2” or "FRZ"; as “Framework region 3”7 or “FR3”; and as
“Framework region 4” or “FR4", respectively; which framework regions are interrupted by three
complementary determining regions or “COR's”, which are referred to in the art as

"Complementarity Determining Region 1"or “CDR1”; as “Complementarity Determining Region
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27 or “CDR2”; and as “Complementarity Determining Region 3" or “CDR3”, respectively. It is
noted that the terms Nanoboedy or Nancbodies are registered trademarks of Abfynx N.V. and

thus may also be referred to as Nanobody® and/or Nanobodies®).

Unless indicated otherwise, the terms “immunoglobulin sequence”, "sequence”, “nuclectide
sequence” and “nucleic acid” are as described in paragraph b} on page 45 of WO 08/020079.
The term Nanobody is also as defined in WO 08/020079, and as described therein penerally
refers to an immunoglobulin heavy chain variable domain that has the functional andfor
structural characteristics of a Vuy domain {e.g, a Vy domain from the “heawy-chain only”
antibodies that occur in Camelids), and as such may in particular be a (native) Vi, a humanized

Vuu or a camelized Vy, such as a camelized human Vy,.

Unless indicated otherwise, all methods, steps, technigues and manipulations that are not
specifically described in detail can be performed and have been performed in a manner known
per se, as will be clear to the skilled person. Reference is for example again made to the
standard handbooks and the general background art mentioned herein and to the further
references cited therein; as well as to for example the following reviews Presta, Adv. Drug Deliv.
Rev. 2006, 58 {5-6): 640-56; Levin and Weiss, Mol. Biosyst. 2006, 2{1}: 49-57; lrving et al,, L
Immunol. Methods, 2001, 248(1-2}, 31-45; Schmitz et al., Placenta, 2000, 21 Suppl. A, 5106-12,
Gonzales et al, Tumour Biol, 2005, 26(1), 31-43, which describe techniques for protein
engineering, such as affinity maturation and other techniques for improving the specificity and

other desired properties of proteins such as immunoglobulins,

Amino acid residues will be indicated according to the standard three-letter or one-letter amino
acid code. Reference is made to Table A-2 on page 48 of the International application WO
08/020079 of Ablynx N.V. entitled “Inmmunoglobufin single variable domains directed agoinst Il.-
&R and polypeptides comprising the same for the treatment of diseases and disorders associated

with -6 mediated signaliing”.

For the purposes of comparing two ar more nucleotide sequences, the percentage of “sequence
identity” between a first nucleotide sequence and & second nucleotide sequence may be
calculated or determined as described in paragraph e) on page 49 of WO 08/020079
{incorporated herein by reference), such as by dividing [the number of nucleotides in the first
nuclfeotide sequence that are identical to the nucleotides ot the corresponding positions in the
second nucleotide sequence] by [the total number of nucleatides in the first nucleotide sequence]
and multiplying by [100%], in which each deletion, insertion, substitution or addition of a

nucleotide in the second nucleotide sequence - compared to the first nucleotide sequence - is
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considered as a difference at a single nucleotide (position); or using a suitable computer
algorithm or technigue, again as described in paragraph e} on pages 49 of WO 08/02007%

{incorporated herein by reference).

For the purposes of comparing two or more immunogiobulin single variable domains or other
amino acid seguences such e.g., the polypeptides of the invention etc., the percentage of
“sequence identity” between a first amino acid sequence and a second amino acid sequence
{also referred to herein as “amino acid identity™ may be calculated or determined as described
in paragraph f) on pages 49 and 50 of WO 08/020079 {incarporated herein by reference), such
as by dividing {the number of amino acid residues in the first amino acid sequence that are
identical to the aminc acid residues at the corresponding positions in the second amino acid
sequence) by [the total number of amino acid residues in the first amine acid sequence] and
multiplying by {100%]), in which each deletion, insertion, substitution or addition of an amino
acid residue in the second amino acid sequence - compared to the first amino acid sequence - is
considered as a difference at a single amino acid residue (position), i.e. as an “amino acid
difference” as defined herein; or using a suitable computer algorithm or technigue, again as
described in paragraph f) on pages 49 and 50 of WO 08/02007% (incorporated herein by

reference).

Also, in determining the degree of sequence identity between two immunoglobulin single
variable domains, the skilled person may take into account so-called “conservative” aminoe acid

substitutions, as described on page 50 of WO 08/020075.

Any amino acid substitutions applied to the polypeptides described herein may also be hased on
the analysis of the frequencies of amino acid variations between homologous proteins of
different species developed by Schulz et al, Principles of Protein Structure, Springer-Verlag,
1978, on the analyses of structure forming potentials developed by Chou and Fasman,
Biochemistry 13: 211, 1974 and Adv. Enzymol, 47: 45-149, 1978, and on the analysis of
hydrophobicity patterns in proteins developed by Lisenberg et al., Proc. Natl. Acad Sci. USA 81:
140-144, 1884; Kyte & Doolittle; | Muolec, Biol, 157 105-132, 198 1, and Goldman et al, Ann.
Rev. Biophys. Chem. 15: 321-353, 1986, all incorporated herein in their entirety by reference.
Information on the primary, secondary and tertiary structure of Nanobodies is given in the
description herein and in the general background art cited above. Also, for this purpose, the
crystal structure of a Vyy domain from a llama is for example given by Desmyter et al., Nature
Structural Biology, Vol. 3, 9, 803 (1996); Spinelli et al,, Natural Structural Biclogy {1996); 3, 752-

757; and Decanniere et al, Structure, Vol. 7, 4, 361 {1999}, Further information about some of
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the amino acid residues that in conventional Vy domains form the V/vV, interface and potential

camelizing substitutions on these positions can be found in the prior art cited above.

immunoglobulin single variable domains and nucleic acid sequences are said to be “exoctly the

same” if they have 100% sequence identity {as defined herein) over their entire length.

When comparing two immunoglobulin single variable domains, the term “amino acid difference”
refers to an insertion, deletion or substitution of a single amino acid residue on a position of the
first sequence, compared to the second sequence; 1t being understood that two
immunoglobulin single variable domains can contain one, two or more such amino acid

differences.

When a nuclectide sequence or amino acid sequence is said to “comprise” another nucieotide
sequence or amino acid sequence, respectively, or to “essentially consist of” another nucleotide
seguence or amino acid sequence, this has the meaning given in paragraph i) on pages 51-52 of

WO 08/020079.

The term “in essentially isolated form” has the meaning given {o it in paragraph j} on pages 52

and 53 of WO 08/020079.

The terms “domain” and “binding domain” have the meanings given to it in paragraph k) on

page 53 of WO 08/020074,

The terms “antigenic determinant” and “epitope”, which may also be used interchangeably

herein, have the meanings given to it in paragraph [y on page 53 of WO 08/020079.

As further described in paragraph m) on page 53 of WO 08/020073, an amino acid sequence
{such as an antibody, a polypeptide of the invention, or generally an antigen binding protein or
polypeptide or a fragment thereof} that can {specifically} bind to, that has affinity for and/or
that has specificity for a specific antigenic determinant, epitope, antigen or protein {or for at
least one part, fragment or epitope thereof) is said to be "ggainst” or "directed against” said

antigenic determinant, epitope, antigen or protein.

The term “specificity” has the meaning given to it in paragraph n} on pages 53-56 of WO
08/020079; and as mentioned therein refers to the number of different types of antigens or
antigenic determinants to which a particular antigen-binding molecule or antigen-binding
protein {such as a polypeptide of the invention) molecule can bind. The specificity of an antigen-
binding protein can be determined based on affinity and/or avidity, as described on pages 53-56
of WO 08/020079 (incorporated herein by reference), which also describes some preferred

1echniques for measuring binding between an antigen-binding molecule {such as a polypeptide



10

15

20

25

30

WO 2012/130874 PCT/EP2012/055499

of the invention) and the pertinent antigen. Typically, antigen-binding proteins {such as the
immunoglobulin single variable domains, and/or polypeptides of the invention) will bind to their
antigen with a dissociation constant (Ks) of 10° to 107 moles/liter or less, and preferably 107 to
10 moles/liter or less and more preferably 10® to 107 moles/liter {i.e., with an association
constant (K.) of 10° to 10" liter/ moles or more, and preferably 107 to 10" liter/moles or more
and more preferably 10° to 10™ liter/moles). Any Kp value greater than 10" mol/liter (or any K
value lower than 10° M™) liters/mol is generally considered to indicate non-specific binding.
Freferably, 2 monovalent immunoglobulin single variable domain of the invention will bind to
the desired antigen with an affinity less than 500 nM, preferably less than 200 nM, more
preferably less than 10 nM, such as less than 500 pM. Specific hinding of an antigen-binding
protein to an antigen or antigenic determinant can be determined in any suitable manner
known per se, including, for example, Scatchard analysis andfor competitive hinding assays,
such as radioimmunoassays (RIA), enzyme immunoassays (ElA) and sandwich competition
assays, and the different variants therecf known per se in the art; as well as the other
technigues mentioned herain. As will be clear to the skilled person, and as described on pages
53-56 of WO 08/020079, the dissociation constant may be the actual or apparent dissociation
constant. Methods for determining the dissociation constant will be clear to the skilled person,

and for example include the technigues mentioned on pages 53-56 of WO 08/020079.

The half-life of an amino acid sequence, compound or polypeptide of the invention can generally
be defined as described in paragraph o) on page 57 of WO 08/020079 and as mentioned therein
refers to the time faken for the serum concentration of the amino adid seguence, compound or
polypeptide to be reduced by 50%, in vivo, for example due to degradation of the sequence or
compound and/or clearance or seguestration of the sequence or compound by natural
mechanisms. The in vivo half-life of an amino acid sequence, compound or polypeptide of the
invention can be determined in any manner known per se, such as by pharmacokinetic analysis.
Suitable techniques will be clear to the person skilled in the art, and may for example generally
be as described in paragraph o} on page 57 of WO 08/020079. As also mentioned in paragraph
o) on page 57 of WO 08/020079, the half-life can be expressed using parameters such as the
t1/2-alpha, t1/2-beta and the area under the curve {AUC). Reference is for example made to the
Experimental Part below, as well as to the standard handbooks, such as Kenneth, A et al:
Chemical Stability of Pharmaceuticals: A Handbook for Pharmacists and Peters et al,
Pharmacokinetic analysis: A Practical Approach {1998). Reference is aiso made to
"Pharmacokinetics”, M Gibaldi & D Perron, published by Marcel Dekker, 2nd Rev. edition {1982}

The terms “increase in half-life” or “increased half-life” as also as defined in paragraph o} on
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page 57 of WO 08/020079 and in particular refer to an increase in the t1/2-beta, either with or
without an increase in the t1/2-alpha and/or the AUC or both.

In respect of a target or antigen, the term “interaction site” on the target or antigen means a
site, epitope, antigenic determinant, part, domain or stretch of amino acid residues on the
target or antigen that is a site for binding to a ligand, receptor or other hinding partner, a
catalytic site, a cleavage site, a site for allosteric interaction, a site involved in multimerization
{such as homomerization or heterodimerization) of the target or antigen; or any other site,
epitope, antigenic determinant, part, domain or stretch of amino acid residues on the target or
antigen that is involved in a biological action or mechanism of the target or antigen. More
generally, an “interaction site” can be any site, epitope, antigenic determinant, part, domain or
stretch of amino acid residues on the target or antigen to which an amino acid sequence or
polypeptide of the invention can bind such that the target or antigen {and/or any pathway,
interaction, signalling, biological mechanism or biological effect in which the target or antigen is

involved) is modulated {as defined herein).

An immunoglobulin single variable domain or polypeptide is said to be “specific for” a first target
or antigen compared to a second target or antigen when is binds to the first antigen with an
affinity/avidity (as described above, and suitably expressed as a Ky value, K, value, K,z rate
and/or K, rate) that is at least 10 times, such as at least 100 times, and preferably at least 1000
times, and up to 10.000 times or more better than the affinity with which said amino acid
sequence or polypeptide binds to the second target or polypeptide. For example, the first
antigen may bind to the target or antigen with a ¥, value that is at least 10 times less, such as at
least 100 times less, and preferably at least 1000 times less, such as 10.000 times less or even
less than that, than the Ky with which said amino acid sequence or polypeptide binds to the
second target or polypeptide. Preferably, when an immunoglobulin single variable domain or
polypeptide is “specific for” a first target or antigen compared to a second target or antigen, it is
directed against (as defined herein) said first target or antigen, but not directed against said

secand target or antigen.

The terms “cross-block”, "cross-blocked” and “cross-blocking” are used interchangeably herein
to mean the ability of an immunoglobulin single variable domain or polypeptide to interfere
with the binding directly or indirectly through allosteric modulation of other immunogiobulin
single variable domains or polypeptides of the invention to a given target. The extent to which
an immunoglobulin single variable domain or polypeptide of the invention is able to interfere
with the binding of another to target, and therefore whether it can be said to cross-block

according to the invention, can be determined using competition binding assays. One



10

20

3]
L]

34

WO 2012/130874 11 PCT/EP2012/055499

particularly suitable quantitative cross-blocking assay uses a FACS- or an ELISA-based approach
to measure competition between the labelled {e.g., His tagged or radioactive iabelled)
immunoglobulin single variable domain or polypeptide according to the invention and the other
binding agent in terms of their binding to the target. The experimental part generally describes
suitable FACS-, ELISA- or radinligand-displacement-based assays for determining whether a
binding molecule cross-blocks or is capable of cross-blocking an immunoglobulin single variable
domain or polypeptide according to the invention. it will be appreciated that the assay can be
used with any of the immunoglobulin single variable domains or other binding agents described
herein. Thus, In general, a cross-blocking amino acid sequence or other binding agent according
to the invention is for example one which will bind to the target in the above cross-blocking
assay such that, during the assay and in the presence of a second amino acid sequence or other
binding agent of the invention, the recorded displacement of the immunoglobulin single variable
domain or polypeptide according to the invention is between 60% and 100% (e.g., In
ELISA/radioligand based competition assay) or between 80% to 100% {e.g., in FACS based
competition assay} of the maximum theoretical displacement {e.g., displacement by cold {e.q.,
unlabeled) immunoglobulin single variable domain or polypeptide that needs to be cross-
blocked) by the 1o be tested potentially cross-blocking agent that is present in an amount of
0.01 mM or less {cross-blocking agent may be another conventional monoclonal antibody such
as g6, classic monovalent antibody fragments (Fab, scFv)} and engineered variants (diabodies,

triabodies, minibodies, VHHs, dAbs, VHs, Vis).

An amino acid sequence such as e.g. an immunoglobulin single variable domain or polypeptide
according to the invention is said to be “cross-reactive” for two different antigens or antigenic
determinants (such as serum albumin from two different species of marmal, such as human
serum albumin and cyno serum albumin) if it is specific for {as defined herein) both these

different antigens or antigenic determinants.

As further described in paragraph g} on pages 58 and 59 of WQ 08/020079 (incorporated herein
by reference), the amino acid residues of an Immunoglobulin single variable domain are
numbered according to the general numbering for Vi domains given by Kabat et al. {“Sequence
of proteins of immunological interest”, US Public Health Services, NiH Bethesda, MD, Publication
No. 91}, as applied to Vyy domains from Camelids in the article of Riechmann and Muyldermans,
4. immunol. Methods 2000 Jur 23; 240 {1-2): 185.195 {see for example Figure 2 of this
publication}, and accordingly FR1 of an immunoglobulin single variable domain comprises the
amino acid residues at positions 1-30, CDR1 of an immunoglobulin single variable domain

comprises the amino acid residues at positions 31-35, FR2 of an immunoglobulin single variable
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domain comprises the amino acids at positions 36-49, CDR2Z of an immunoglobulin single
variable domain comprises the amino acid residues at positions 50-65, FR3 of an
immunoglobulin single variable domain comprises the amino acid residues at positions 66-94,
CDR3 of an immunoglobulin single variable domain comprises the amino acid residues at
positions 95-102, and FR4 of an immunoglobulin single variable domain comprises the amino

acid residues at positions 103-113.

v}  The Figures, Sequence Listing and the Experimental Part/Examples are only given to further
iflustrate the invention and should not be interpreted or construed as limiting the scope of the
invention and/or of the appended claims in any way, unless explictly indicated otherwise

herein.

L. Polypegptides of the invention and uses thereof

1.1, Anti-CXCRY building blocks

The polypeptides of the present invention can generally be used to modulate, and in particular
inhibit and/or prevent, binding of CXCR7 and in particular human CXCR7 {SEQ ID NO: 1) to CXCL12
{and/or CXCL11) and in particular human CXCL12 (NM_000609) and/or in particular human CXCL11
{UB6096}), and thus to modulate, and in particular inhibit or prevent, the sighalling that is mediated
by CXCR7 and in particular human CXCR7 {SEQ 1D NO: 1) and/or OICL1Z (and/or CXCL11) and in
particular human CXCL12 (NM_000608) and/or in pariicular human CXCL11 {U66096), to modulate
the biological pathways in which C{CR7 and in particular human CXCR7 (SEQ 1D NO: 1} and/or
CXCL12 {and/or CXCL11) and in particular human CXCL12 {NM_000609) and/or in particular human
CXCL11 {U66096} are involved, and/or to modulate the biological mechanisms, responses and effects

associated with such signalling or these pathways.

As such, the polypeptides and compositions of the present invention can be used for the diagnosis,
prevention and treatment of diseases and disorders of the present invention (herein also “diseases
and disorders of the present invention”) and include, but are not limited to cancer, e.g., carcinomas,
gliomas, mesotheliomas, melanomas, lymphomas, leukemias, adenocarcinomas, breast cancer,
gvarian cancer, cervical cancer, glioblastoma, leukemia, lymphoma, prostate cancer, and Burkit!'s
fymphoma, head and neck cancer, colon cancer, colorectal cancer, non-small celt lung cancer, small
celt lung cancer, cancer of the esophagus, stomach cancer, pancreatic cancer, hepatobiliary cancer,
cancer of the gallbladder, cancer of the small intestine, rectal cancer, kidney cancer, bladder cancer,
prostate cancer, penile cancer, urethral cancer, testicular cancer, cervical cancer, vaginal cancer,

dterine cancer, ovarian cancer, thyroid cancer, parathyroid cancer, adrenal cancer, pancreatic
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endocrine cancer, carcinold cancer, bone cancer, skin cancer, retinoblastomas, Hodgkin's iymphoma,
non-Hodghkin's lymphoma, Kaposi's sarcoma, multicentric Castleman’s disease or AIDS-associated
primary effusion lymphoma, neuroectodermal tumors, rhabdomyosarcoma (see, Cancer, Principles
and practice {DeVita, V.T. et al, eds 1997} for additional cancers); preferably head and neck cancer, as
well as brain and neuronal dysfunction, such as Aldheimer's disease and multiple sclerosis; kidney
dysfunction, renal allograft rejection; nasal polyposis; rheumatoid arthritis; cardiac aliograft
rejection; cardiac dysfunction; atherosclerosis; asthma; glomerulonephritis; contact dermatitis;
inflammatory bowel disease; colitis; psoriasis; reperfusion injury; as well as other disorders and
diseases described herein. In particular, the polypeptides and compositions of the present invention
can be used for the diagnosis, prevention and treatment of diseases involving CXCR7 mediated

metastasis, chemotaxis, cell adhesion, trans endothelial migration, cell proliferation and/ar survival,

Generally, said "diseases and disorders of the present invention” can be defined as diseases and
disorders that can be diagnosed, prevented and/or treated, respectively, by suitably administering to
a subject in need thereof {ie., having the disease or disorder or at least one symptom thereof and/or
at risk of attracting or developing the disease or disorder} of either a polypeptide or composition of
the invention {and in particular, of a pharmaceutically active amount thereof) and/or of a known
active principle active against CXCR7 and in particular human CXCR7 (SEQ 1D NO: 1) or a biclogical
pathway or mechanism in which CXCR7 and in particular human CXCR7 {SEQ 1D NO: 1) is involved

{and in particular, of a pharmaceutically active amount thereof).

in particular, the polypeptides of the present invention can be used for the diagnosis, prevention and
treatment of diseases and disorders of the present invention which are characterized by excessive
and/or unwanted CXCL1Z and in particular human CXCL12 signalling mediated by CXCR7 and in
particular human CXCR7 {SEQ 1D NO: 1} or by the pathway(s) in which CXCR7 and in particular human
CXCRY (SEQ D NG: 1) is involved {e.g., CXCLI1/I-TAC — CXCR7 axis). Examples of such diseases and
disorders of the present invention will again be clear to the skilled person based on the disclosure

herein.

Thus, without being fimited thereto, the immunoglobulin single variable domains and polypeptides of
the invention can for example be used to diagnose, prevent and/or to treat all diseases and disorders
that are currently being diagnosed, prevented or treated with active principles that can modulate
CXCR7 and in particufar human CXCR7 (SEQ ID NO: 1)-mediated signalling, such as those mentioned
in the prior art cited herein. It is also envisaged that the polypeptides of the invention can be used to
diagnose, prevent and/or to treat all diseases and disorders for which treatment with such active
principles is currently being developed, has been proposed, or will be proposed or developed in

future. In addition, it is envisaged that, because of their favourable properties as further described
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herein, the polypeptides of the present invention may be used for the diagnasis, prevention and
treatment of other diseases and disorders than those for which these known active principles are
being used or will be proposed or developed; and/or that the polypeptides of the present invention

may provide new methods and regimens for treating the diseases and disorders described herein.

Other applications and uses of the immunoglobulin single variable domains and polypeptides of the

invention will become clear to the skilled person from the further disclosure herein.

Generally, it is an object of the invention to provide pharmacologically active agents, as well as
compositions comprising the same, that can be used in the diagnosis, prevention and/or treatment
of diseases and/or disorders of the invention; and to provide methods for the diagnosis, prevention
and/or treatment of such diseases and disorders that involve the administration and/or use of such

agents and compositions.

In particular, it is an object of the invention to provide such pharmacologically active agents,
compositions and/or methods that have certain advantages compared to the agents, compositions
andfor methods that are currently used and/or known in the art. These advantages will become clear

from the further description below.

More in particular, it is an object of the invention to provide therapeutic proteins that can be used as
pharmacologically active agents, as well as compositions comprising the same, for the diagnosis,
prevention and/or treatment of diseases and/or disorders of the invention and of the further
diseases and disorders mentioned herein; and to provide methods for the diagnosis, prevention
and/or treatment of such diseases and disorders that involve the administration and/or the use of

such therapeutic proteins and compositions.

Accordingly, it is a specific object of the present invention to provide immunoglobulin single variable
domains that are directed against CXCR7, in particular against CXCR7 from a warm-blooded animal,
more in particular against CXCR7 from a mammal such as e.g., mouse, and especially against human
CXCRY (SEQ 1D NO: 1); and to provide proteins and polypeptides comprising or essentially consisting

of at least one such immunoglobulin single variable domain,

In particular, it is a specific object of the present invention to provide such immunoglobulin single
variable domains and such proteins and/or polypeptides that are suitable for prophylactic,
therapeutic and/or diagnostic use in a warm-blooded animal, and in particular in a mammal, and

more in particular in a human being.

wMore in particular, it is a specific object of the present invention to provide such immunoglobulin
single variable domains and such proteins and/or polypeptides that can be used for the prevention,

treatment, alleviation and/or diagnosis of one or more diseases, disorders or conditions associated
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with CXCR7 and/or mediated by CXCR7 {such as the diseases, disorders and conditions mentioned
herein) in a warm-blooded animal, in particular in 3 mammal, and more in particular in 2 human

being.

It is also & specific object of the invention to provide such immunoglobulin single variable domains
and such proteins and/or polypeptides that can be used in the preparation of pharmaceutical or
veterinary compositions for the prevention and/or treatment of one or more diseases, disorders or
conditions associated with and/or mediated by CXCR7 (such as the diseases, disorders and conditions
mentioned herein) in a warm-blooded animal, in particular in a mammal, and more in particularin a

human being.

in the invention, generally, these ohjects are achieved by the use of the immunoglobulin single

variable domains, proteins, polypeptides and compaositions that are described herein.

in general, the invention provides immunoglobulin single variable domains that are directed against
{as defined herain) and/or can specifically bind {as defined herein} to CXCR7 and in particular human
CXCR7 (SEQ 1D WNO: 1}, as well as compounds and constructs, and in particular proteins and

polyoneptides, that comprise at least one such amino acid sequence.

More in particular, the invention provides immunaglobulin single variable domains and polypeptides
that can bind to CXCR7 and in particular human CXCRY (SEQ 1D NO: 1) with an affinity (suitably
measured and/or expressed as a Ky-value {actual or apparent}, a Ky-value {(actual or apparent), a kg~
rate and/or a kyg-rate, or alternatively as an 1Csy value, as further described herein) that is as defined
herein; as well as compounds and constructs, and in particular proteins and polypeptides, that

comprise at least one such aming acid sequence.

in a particular aspect, the immunoglobulin single variable domains and/or polypeptides of the

invention are such that they:

- bind to human CXCR7 {SEQLID NO: 1) with an EC50 of 100nM or lower, more preferably of 50nM
or lower, even more preferably of 20nM or lower, most preferably of 10nM or lower in a binding
FACS assay as e.g. described in the experimental part {see Example 8), and wherein the
polypeptides comprise only one human CXCR7 binding immunoglobulin single variable domain

unit;
and/or such that they:

- fully displace human CXCL12 {(SDF-1) from human CXCR7 (SEQ 1D NO: 1) at an average Ki value of
100 nM or less, more preferably at an average Ki value of 20nM or less, even more preferably at

an average Ki value of 10nM or less in an assay as e.g., described in the experimental part
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{Examples 9 and 10}, and wherein the polypeptides comprise only one human CXCR7 binding
immunoglobulin single variable domain unit, and wherein full displacement means an average
CXCL12 displacement of about 60% to 80% and more {e.g., when measured according 1o the
ligand displacement assay of Example 9} or wherein full displacement means an average CXCL12
displacement of about 80% 1o 100% and more (when measured according to the FACS based

competition assay of Example 10} ;
and/or such that they:

- fully displace human CXCL11 {{-TAC) from human CXCR7 {SEQ ID NO: 1) at an average Ki value of
1000nM or less, more preferably at an average Ki value 500 nM or less, even more preferably at
an average Ki value 100 nlM or less, even more preferably at an average Ki value of 20nM or less,
even more preferably at an average Ki value of 10nM or less in an assay as e.g. described in the
experimental part {(Examples 9 and 10), and wherein the polypeptides comprise only one human
CXCR7 binding immunoglobulin single variable domain unit, and wherein full displacement
means an average CXCL11 displacement of about 60% to 80% and more (e.g., when measured
according to the ligand displacement assay of Example 9) or wherein full displacement means an
average CXCL12 displacement of about 80% to 100% and more {when measured according to

the FACS based competition assay of Example 10}
and/or such that they:

- partially displace human CXCL1Z {SDF-1) from human CXCR7 (SEQ ID NO: 1) at an average Ki
value of 100 nM or less, more preferably at an average Ki value of 20nM or less, even more
preferably at an average Ki value of 10nM or less in an assay as e.g. described in the
experimental part {Examples 9 and 10}, and wherein the polypeptides comprise only one human
CXCR7 binding immunoglobulin single variable domain unit, and wherein partial displacement
means an average CXCL12 displacement of about 40% {o 60% (e.g. when measured according to
the figand displacement assay of Example 9} or wherein partial displacement means an average
CXCL12 displacement of about 50% to 80% {when measured according to the FACS based

competition assay of Example 10} ;
and/or such that they:

- partially displace human CXCL11 {I-TAC) from human CXCR7 {SEQ ID NO: 1} at an average Ki
value of 1000nM or less, more preferably at an average G value 500nM or less, even more
preferably at an average Ki value 100nM or less, even more preferably at an average Ki vaiue of
20nM or less, even more preferably at an average Ki value of 10nM or less in an assay as e.g.

described in the experimental part (Examples 9 and 10}, and wherein the polypeptides comprise
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only one human CXCR7 binding immunoglobulin single variable domain unit, and wherein partial
displacement means an average CXCL11 displacement of about 40% fo 60% (e.g., when
measured according to the ligand displacement assay of Example 9) or wherein partial
displacement means an average CXCL12 displacement of about 50% to 80% {when measured

according to the FACS based competition assay of Example 10),
and/or such that they:

- bind human CXCR7 (SEQ ID NO: 1) with an average Kd value of 100 nM or less, more preferably
at an average Kd value of 50 niM or less, even more preferably at an average Kd value of 40 nM
or tess, such as less than 30, 25, 20, 15, 10, 9, 8, 7, 6, 5, 4, 3, 3 nM or even less, such as less

than 1 nM, or most preferably even less than 0.1 niV,

It should be appreciated that binding of the immunoglobulin single variable domains and/or
polypeptides of the invention to (human} CXCR7 may result in displacing (human) CXCL11 and/or
CXCL12 from {(human) CXCR7 as described herein. it should further be appreciated that binding of the
immunoglobulin single variable domains and/or polypeptides of the invention to (human} CXCR7 may
result in inhibiting binding of {human} CXCL11 and/or CXCL12 to its cognate receptor, such as,

{human) CXCR7 as described herein,

As aiready mentioned, in some specific, but non-limiting aspects {described in more detail

herein}, the invention provides:

aming acid sequences that are directed against (as defined herein} CXCR7 and that are capable
of inhibiting or blocking {fully or partially, as further described herein) ligand binding, and in
particular of inhibiting or blocking {fully or partially, as further described herein) the binding of SDF-1
to CXCR7 (as further described herein). These amino acid sequences are also raferred to herein as
“CXCR-7 binding amino acid sequences” or "CXCR7 binding blocks”. Preferably, these CXCR7-binding
amino acid sequences are 1SVD's {as describad herein), in which case they are also referred to as
“CXCR7-binding ISVD’s”. Preferably, any CXCR7-binding amino acid sequences, CXCR7-binding building
blocks or CXCR7-binding 1SYD's are such that they have blocking activity, i.e. block SDF-1 binding to
CXCR7 partially or completely, which can be determined by any suitable assay known o the person
skilled in the art, such as, for instance, by an Alphascreen assay or by a FACS competition assay {e.g.
as described herein). Preferably, the blocking activity is determined by a FACS competition assay as
described in Example 3. Preferably, the 1SVD has a blocking activity or competition capacity in
NIH3T3-hCXCR7 cells of blocking or competing SDF-1 hinding to CXCR7 with an average Ki of less than
600 niis, but preferably, 500 nMs, 400 nMs, 300 nMs, 200 nks, 100 nMs or even lass.
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- For instance, the 01C10-like ISYD has a blocking activity or competition capacity in this assay
with an average Ki of less than 100 nMs, more preferably, less than 75 nMs, 50 nMs or even less,
such as less than 40 nMs or 30 nMs, 25 nMs or 24 nMs or even more preferably of less than 22

nivis,

- For instance, the 14G03-like 1SVD has a blocking activity or competition capacity in this assay
with an average Ki of less than 150 nMs, more preferably, less than 100 nMs, 90 nMs, B0 nivis or
even less, such as less than 70 nMs or 80 nMs, 50 nMs or 40 nfs, 30 niMs, 20 nMs, 15 nMs or 10

nMs, 5 nMs or even more preferably of less than 4 nMs,

In one specific, but non-limiting aspect, {some of the) "CXCR-7 binding omino acid sequences” or
“CXCRY hinding blocks™ may (and preferably also are) be such that they are capable of inhibiting or
blocking fB-arrestin recruitment (see Example 15). Preferably, any CXCR7-binding amino acid
sequences, CXCR7-binding building blocks or CXCR7-binding 1SVD's are such that they have blocking
activity, i.e. block or inhibit SDF-1 mediated CXCR7 signalling partially or completely, which can be
determined by any suitable assay known to the person skilled in the art, such as, for instance, by any

suitable B-arrestin recruitment assay, as described herein.

Preferably, the blocking activity or inhibiting capacity is determined by a B-arrestin assay as described
in Example 15. Preferably, the ISVD has a blocking activity or an inhibition capacity of ligand (e.g.SDF-
1} induced B-arrestin in the PathHunter eXpress B-arrestin assay {DiscoverX) with a % inhibition of -
arrestin recruitment of more than 25%, more than 30%, but preferably, 40%, 50%, 60%, 70%, 80% or

gven maore.

For instance, the 14G03-like I5VD has a blocking activity or inhibition capacity in this assay with a
% inhibition of more than 50%, more preferably, more than 60%, 70% or even more, such as

more than 75% or B0%, 85%, or even more preferably of more than 30%.

Some preferred technical values for binding, displacing, migration or other in vive and/or in vitro
potency of the immunoglobulin single variable domains or polypeptides of the invention to CXCRY
and in particular human CXCR7 (SEQ 1D NO: 1} will become clear from the further description ang

examples herein.
Also, in the present description and claims, the following terms are defined as follows:

01C10-like sequences: a "01C10-like sequence”, "01C10-like iISVD”, “01C10-fike buiiding block” or

“Group 1 15VDs" is defined as an I1SVD (as described herein) that comprises:

a) a CDR1 which comprises or essentially consists of either (i} the amino acid sequence NYAMG
{SEQ 1D NO: 93} or (ii) an amino acid sequence that has only 3, 2 or 1 amino acid difference(s)

(as defined hereln) with the amino acid sequence NYAMG (SEQ 1D NO: 93); and/or
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b} a CDRZ which comprises or essentially consists of either (i} the amino acid sequence
AITPRAFTTYYADSVKG {SEQ 1D NO: 95} or (ii) an amino acid sequence that has at least 80%,
such as at least 85%, for example at least 90% or more than 95% sequence identity with the
aming acid sequence AITPRAFTTYYADSVKG (SEQ 1D NO: 95); or (iii} an amino acid sequence
that has only 7, 6, 5, 4, 3, 2 or 1 amino acld difference(s) {as defined herein} with the amino
acid sequence AITPRAFTTYYADSVKG {SEQUID NO: 95); and/or

c) a CDR3 which comprises or essentially consists of either (i} the amino acid sequence
QIVGSGSNLGROESYAY (SEQ ID NO: 97) or (H} an amino acid sequence that has at least 80%,
such as at least 85%, for example at least 90% or more than 95% sequence identity with the
amino acid sequence QLVGSGSNLGROESYAY (SEQ ID NO: 37); or (iii} an amino acid sequence
that has only 7, 6, 5, 4, 3, 2 or 1 amino acid difference(s) {as defined herein) with the amino

acid sequence QLVGSGSNLGROESYAY {SEQ 1D NO: 97);

in which the framework sequences present in such an ISVD are as further described herein, and
in which CDR1, CDR2 and CDR3 are preferably such that the 01C10-like ISVD has biocking activity,
e.g. block CXCL11 and/for CXCL12 hinding to CXCR7 partially or completely as described ahove,
and/or reducing and/or inhibiting tumorigenesis in a xenograph model, and/or binds and/or
recognizes aming acid residue W19, and optionally amino acid residue 523 and/or amino acid
residua D25 in CXCR7 {SEQID NO: 1), all as described herein.

As also mentioned herein, (some of the) 01C10-like sequences may {and preferably also are) he
such that they are capable of inhibiting, blocking or displacing SDF-1 binding {see Examples 9 and
10), for example in the displacement assay used in Example 10, Preferably, in such a 01C10-like
sequence, CDR1 and CDR2 are as defined under a} and b), respectively; or CDR1 and CDR3 are as
defined under a} and cj, respectively; or CDR2 and CDR3 are as defined under b) and c),
respectively. More preferably, in such a 01C10-like sequence, CDR1, CDOR2 and CDR3 are all as
defined under a}, b} and ¢}, respectively. Again, in such an 01C10-like sequence, COR1, CDRZ and
CDR3 are preferably such that the 01C10-ike I1SVD has blocking activity, e.g. block SDF-1 binding
to CRCRY7 partially or completely as described herein, and/or reducing and/or inhibiting
tumorigenesis in a xenograph model, and/or binds and/or recognizes amino acid residue W19,
and optionally amino acid residue 523 and/or amino acid residue D25 in CXCR7 (SEQ 1D NO: 1), all

as described herein.

For example, in such an 01C10-like sequence: CDR1 may comprise or essentially consist of the
aming acid sequence NYAMG (SEQ 1D NO: 93} {with CDR2Z and CDR3 being as defined under b)
and c, respectively); andfor CDR2 may comprise or essentially consist of the amino acid

sequence AITTPRAFTTYYADSVKG {SEQLID NO: 95} {with CDR1 and CDR3 being as defined under a)
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and cj, respectively}; and/or CDR3 may comprise or essentially consist of the amino acid
sequence QLVGSGSNLGROESYAY (SEQ 1D NO: 97} {with CDRI and CDR2 being as defined under a}
and b, respectively). Particularly, when an 01C10-like sequence is according to this aspect: CDR1
may comprise or essentlally consist of the amino acid sequence NYAMG {SEQ ID NO: 93) and
CDRZ may comprise or essentially consist of the amino acid sequence AITPRAFTTYVADSVKG {SEQ
1D NO: 95} {with CDR3 being as defined under ¢} above); and/or CDR1 may comprise or
essentially consist of the amino acid sequence NYAMG (SEQ 1D NO; 83) and CDR3 may comprise
or essentially consist of the amino acid sequence QLVGSGSNLGROESYAY (SECL ID NO: 87) {with
CDR2 being as defined under b} above); and/or COR2 may comprise or essentially consist of the
amino acid sequence AITPRAFTTYYADSVKG (SEQ 1D NGO: 95) and CDR3 may comprise or
essentially consist of the amino acid sequence QLVGSGSNLGRQOESYAY (SEQ ID NO: 97) (with CDR1
being as defined under a) above). Again, in such 01C10-like sequences, CDR1, CDR2 and CDR3 are
preferably such that the 01C10-like 1SVD has blocking activity, e.g. block SDF-1 binding to CXCR7
partially or completely as described herein and/or reducing and/or Inhibiting tumorigenesis in a
xenograph model, and/or binds and/or recognizes amino acid residue W18, and optionally amino
acid residue 523 and/or amino acid residue D25 in CXCR7 {SEQ ID NO: 1), all as described herein,
in a specifically preferred aspect, a “01C10-like sequence”, “01C10-ike ISVD”, "01C10-like building
block” or "Group 1 ISVD" is an ISVD that comprises:

d} a CDR1 which is either (i} the amino acid sequence NYAMG {SEQ 1D NO: 93} or {ii} an amino
acid sequence that has only 3, 2 or 1 amino acid difference(s) {as defined herein} with the
amino acid sequence NYAMG (SEQ 1D NO: 93); and/or

e} a CDR2 which is efther (i} the amino acid sequence AITPRAFTTYYADSVKG (SEQUID NO: 95) or
(i} an amino acid sequence that has at least 80%, such as at least 85%, for example at least
90% or more than 95% sequence identity with the amino acid sequence
AITPRAFTTYYADSVKG ({SEQ 1D NO: 95); or {iii} an amino acid sequence that hasonly 7, 6, 5, 4,
3, 2 or 1 amino acid difference{s) {as defined herein) with the amino acid sequence
AITPRAFTTYYADSVKG (SEQ 1D NO: 95); and/or

f} a CDR3 which is either {i} the amino acid sequance QLVGSGSNLGROESYAY (SEQ 1D NO: 97) or
{ii} an amino acid sequence that has at least 80%, such as at least 85%, for example at least
90% or more than 95% sequence identity with the aminc acid sequence
QLVGSGSNLGRQESYAY {SEQ 1D NO; 97); or (iii) an amino acid sequence that has only 7, 6, 5, 4,
3, 2 or 1 amino acid difference(s) {as defined herein} with the amino acid sequence

QLYGSGSNLGROESYAY (SEQ ID NO: 97);
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in which the framework sequences present in such an I1SVD are as further described herein, and
in which CDR1, COR2 and CDR3 are preferably such that the 01C10-like 15VD has blocking activity,
e.g., block SDBF-1 binding to CXCRY partially or completely as described herein and/or reducing
and/or inhibiting tumorigenesis in a xenograph model, and/or binds and/or recognizes amino
acid residue W19, and optionally amino acid residue 523 and/or amino acid residue D25 in CXCR7
(SEQ 1D NO: 1}, all as described herein, Preferably, in a 01C10-like sequence according to this
specifically preferred aspect, CBR1 and CDRZ are as defined under d} and &), respectively; or
CDRI and CDR3 are as defined under d) and ), raspectively; or CDR2 and CDR3 are as defined
under e} and f), respectively, More preferably, in such a 01C10-like sequence, CORL, CDR2 and
CDR3 are all as defined under d), e} and f), respectively. Again, in such an 01C10-like sequence,
CDR1, CDRZ and CDR3 are preferably such that the 01C10-lke 1SVD has blocking activity, e.g.
block 50F-1 binding to CXCR7Y partially or completely as described herein, and/or reducing and/or
inhibiting tumorigenesis in a xenograph model, and/or binds and/or recognizes amino acid
residue W19, and optionally amino acid residue 523 and/or amino acid residue D25 in CHCR7

{SEQUID NO: 1), all as described herein,

For example, in a 01C10-like sequence according to this specifically preferred aspect: CDR1 is the
aming acid sequence NYAMG (SEQ 1D NO: 93) {with CDR2 and CDR3 being as defined under &)
and f}, respectively}; and/or CDR2 is the amino acid sequence AITPRAFTTYYADSVKG (SEQ ID NO:
95} {with CDOR1 and CDR3 being as defined under d) and f}, respectively); and/or CDR3 is the
amino acid sequence QLVGSGSNLGRQESYAY (SEQ 1D NO: 97) {with CDR1 and CDR2 heing as
defined under d} and e}, respectively). Particularly, when an 01C10-like sequence is according to
this aspect: COR1 is the amino acid sequence NYAMG (SEQ D NO: 93} and CDRZ is the amino acid
sequence AITPRAFTTYYADSVKG (SEQ D NO: 95} (with CDR3 being as defined under f) above);
and/or CDR1 is the amino acid sequence NYAMG (SEQ ID NO: 93) and CDR3 is the amino acid
sequence OLVGSGSNLGROESYAY (SEQ 1D NO: 97} {with CDR2 being as defined under e) above);
and/or CDRZ is the amino acid sequence AITPRAFTTYYADSVKG [SEQ D NO: 95) and CDR3 is
CLVGSGSNLGROESYAY {S5EQ 1D NO: 97) (with CDR1 heing as defined under d} abovel. Again, in
such 01C10-like sequences, CDRL, CDR2 and CDR3 are preferably such that the 01C10-like I1SVD
has blocking activity, e.g., block SDF-1 binding to CXCR7 partially or completely as described
herein, and/for reducing and/or inhibiting tumorigenesis in a xenograph model, and/or binds
and/or recognizes aming acid residue W19, and optionally amino acid residue 523 and/or amino

acid residue D25 in CXCR7 (SEQ 1D NO: 1), all as described herein.
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in a particularly preferred G1C10-like sequence; CDR1 is the amino acid sequence NYAMG (SEQ
1D NO: 93}, CORZ is the amino acid seguence AITPRAFTTYYADSVKG {SEQ 1D NO: 95); and CDR3 s
the amino acid sequence QLVGSGSNLGROESYAY (SEQ 1D NO: §7).

in all the 01C10-like sequence described in this paragraph A}, the framework sequences may be
as further described herein. Preferably, the framework seguences are such that the framework
sequences have at least 80%, such as at least 85%, for example at least 90%, such as at least 95%
sequence identity with the framework sequences of 01C10 {which, for example, can be
determined by determining the overall degree of sequence identity of a given sequence with the
sequence of 01010 while disregarding the COR’s in the calculation). Again, the combination of
CDR’s and frameworks present in a given sequence are preferably such that the resulting 01C10-
like 1SVD has blocking activity, e.g., block SDF-1 binding to CXCR7 partially or completely as
described herein and/or reducing andfor inhibiting tumorigenesis in a xenograph model, and/or
binds and/or recognizes amino acid residue W18, and optionally aming acid residue 523 and/or

amino acid residue D25 in CXCR7 (SEQ 1D NO: 1), all as described herein.

In one specific aspect, a 01C10-like sequence is an 1SVD that has at least 70%, such at least 80%,
for example at least 85%, such as at least 90% or more than 95% seguence identity with the
amino acid sequence 01C10 (SECG 1D NO: 91). For example, in an 01C10-like sequence according
to this aspect, the CDR's may be according to the specifically preferred aspect described above,
and may in particularly (but without limitation} be NYAMG {SEQ 1D NO: 93} (CDR1);
AITPRAFTTYYADSVKG (SEQ ID NO: 95) {CDR2Z); and QLVGSGSNLGRQESYAY (SEQ D NO: 97)
{CDR3). Again, preferably, the combination of CDR’s and frameworks present in such a 01C10-like
1SVD are preferably such that the resulting 01C10-like ISVD has blocking activity, e.g. block SDF-1
hinding to CXCR7 partially or completely as described herein and/or reducing and/or inhibiting
tumorigenesis in a xenograph model, and/or binds and/or recognizes amina acld residue W19,
and optionally amine acid residue 523 and/or amino acid residue D25 in CXCRY {SEQ 1D NO: 1}, ali
as described herein. In one particular aspect, any 01C10-like sequence may be a humanized

and/or sequence optimized sequence, as further described herein.

14G03-like sequences: a “14603-like sequence”, " 14G03-like ISVD', “14G03-lke building block” or

"Group 2 I15VDs" is defined as an 1SVD {as described herein) that comprises:

a) a CDR1 which comprises or essentially consists of either (i} the amino acid sequence INYMG
{SEQID NO: 13} or {ii} an amino acid seguence that has only 3, 2 or 1 amino acid difference(s)
{as defined herein} with the amino acid sequence INYMG {SEQ 1D NO: 13); andfor

b} a CDR2 which comprises or essentially consists of either {i} the amino acid sequence

TLTSGGSTNYAGSVKG (SEQL 1D NO: 23} or (i) an amino acid sequence that has at least 80%,
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such as at least 85%, for example at least 30% or more than 95% sequence identity with the
amine acid sequence TLTSGGSTNYAGSVKG {SEQ ID NO: 23); or {iif} an aminc acid sequence
that has only 7, 6, 5, 4, 3, 2 or 1 amino acid difference!s) {as defined herain} with the amino
acid seguence TLTSGGSTNYAGSYKG (SEQ 1D NG 23); and/or

¢} a CBR3 which comprises or essentially consists of either {i} the amino acid sequence
GGTLYDRRRFES (SEQ 1D NO: 33) or (it} an amino acid sequence that has at least 80%, such as
at least 85%, for example at least 90% or more than 95% sequence identity with the amino
acid sequence GGTLYDRRRFES (SEQ 1D NO: 33); or {iii} an amino acid sequence that has only
7.6, 5,4, 3,2 or 1 amino acid difference(s} {as defined herein} with the amino acid sequence

GGTLYORRRFES (SEQ.ID NO: 33);

in which the framework sequences present in such an ISVD are as further described herein, and
in which CDR1, CDR2Z and CDR3 are preferably such that the 14G03-like I1SVD has blocking
activity, e.g. block CXCL11 and/or CXCL12 binding to CXCR7 partially or completely as described
above, and/or reducing and/or inhibiting tumorigenesis in a xenograph model, and/or inhibits -
arrestin recruitment, and/or binds and/or recognizes amino acid residue B33, and optionally
amnino acid residue V32 and/or amino acid residue M37 in CXCR7 (SEQ 1D NO: 1), all as described
herein.

As also mentioned herein, {some of the} 14G03-like sequences may {and preferably also are} be
such that they are capable of inhibiting, blocking or displacing SDF-1 binding (see Fxamples 9 and
10}, for example in the displacement assay used in Example 10. Preferably, in such a 14G03-like
sequence, COR1 and CDR2 are as defined under a) and b), respectively; or CDR1 and CDR3 are as
defined under a) and c}, respectively; or CDR2 and CDR3 are as defined under b) and ¢},
respectively. Maore preferably, in such a 14G03-tike sequence, CDR1, CDRZ and CDR3 are all as
defined under a), b) and ¢}, respectively. Again, in such an 14G03-like sequence, COR1, CDR2 and
CDR3 are preferably such that the 14G03-like 1SVD has blocking activity, e.g. block SDF-1 binding
to CXCR7 partially or completely as described herein, and/er reducing and/or inhibiting
tumorigenesis in a xenograph model, and/or inhibits B-arrestin recruitment, and/or binds and/or
recognizes amino acid residue M33, and optionally amino acid residue V32 and/or amino acid
residue M37 in CXCRY {SEQ 1D NO: 1), all as described herein,

For example, in such an 14G03-like sequence: CDR1 may comprise or essentially consist of the
amino acid sequence INYMG (SEQ 1D NO: 13) {with CDR2 and CDR3 being as defined under b) and
¢}, respectively); and/or CORZ may comprise or essentially consist of the amino acid sequence
TLTSGGSTNYAGSVKG (SEQ iD NO: 23} {with CDR1 and CDR3 being as defined under a} and ¢),

respectively); and/or CDR3 may comprise or essentially consist of the amino acid sequence
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GGTLYDRRRFES (SEQ 1D NO: 33) (with CBR1 and CDRZ being as defined under a) and b),
respectively). Particularly, when an 14G03-like sequence is according to this aspect: CDR1 may
comprise or essentialiy consist of the amino acid sequence INYMG {SEQ D NO: 13) and CDR2
rnay comprise or essentially consist of the amine acid sequence TLTSGGSTNYAGSVKG ({SEQ ID
NG: 23} {with CDR3 being as defined under ¢} above); and/or CORI may comprise or essentially
consist of the amino acid sequence INYMG (SEQ D NO: 13) and CDR3 may comprise or
essentially consist of the amino acid sequence GGTLYDRRRFES {SEQ 1D NO: 33) (with CDR2 being
as defined under b) above); and/or CDR2Z may comprise or essentially consist of the amino acid
sequence TLTSGGSTNYAGSVKG {SEQ 1D NO: 23) and CDR3 may comprise or essentially consist of
the amino acid sequence GGTLYDRRRFES (SEQ 1D NO: 33) {with CDR1 being as defined under a}
above). Again, in such 14G03-like sequences, COR1, COR2 and CDR3 are preferably such that the
14G03-like 15VD has blocking activity, e.g. block SDF-1 binding to CXCR7 partially or completely as
described herein and/or reducing and/or inhibiting tumorigenesis in a xenograph model, and/or
inhibits B-arrestin recruitment, and/or binds and/or recognizes amino acid residue M33, and
optionally amino acid residue V32 and/or amino acid residue M37 in CXCRT {SEQ 1D NO: 1), all as
described herein.

In a specifically preferred aspect, a “14G03-like sequence”, “14G03-fike 1SVD", “14G03-like
building Block” or "Group 2 1SVD" is an 1SVD that comprises;

d) a CDR1 which is either (i} the amino acid sequence INYMG (SEQL ID NO: 13} or {ii} an amino
acid sequence that has only 3, 2 or 1 amino acid difference(s) {as defined herein} with the
amino acid sequence INYMG (SEQ 1D NO: 13); and/or

e} a CDRZ which is either (i) the amino acid sequence TITSGGSTNYAGSVKG {SEQ ID NO: 23) or
{ii} an amino acid sequence that has at ieast 80%, such as at least 85%, for example at least
90% or more than 95% sequence identity with the amino acid sequence TLTSGGSTNYAGSYKG
{SEQ 1D NO: 23); or (i} an amino acid sequence that has only 7, 6, 5, 4, 3, 2 or 1 amino acid
difference(s} {as defined herein) with the amino acid sequence TLTSGGSTNYAGSVKG (SEQ 1D
NO: 23); and/or

f!  a COR3 which is either (i) the amino acid sequence GGTLYDRRRFES {SEQ ID NO: 33) or (i} an
amino acid sequence that has at least 80%, such as at least 85%, for example at least 0% or
more than 95% sequence identity with the amino acid sequence GGTLYDRRRFES (SEQ ID NO:
33); or {iii} an amino acid sequence that has only 7, 6, 5, 4, 3, 2 or 1 amino acid difference{s}

{as defined herein} with the amino acid sequence GGTLYDRRRFES [SEG 1D NO: 33);

in which the framework sequences present in such an {SVD are as further described herein, and

in which CDR1, CDR2Z and CDR3 are preferahbly such that the 14G03-like 1SVD has blocking
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activity, e.g. block SDF-1 binding to CXCR7 partially or completely as described herein andfor
reducing and/or inhibiting tumorigenesis in a xenograph model, and/or inhibits B-arrestin
recruitment, and/or binds and/or recognizes amino acid residue M33, and optionally amino acid
residus V32 and/or amino acid residue M37 in CXCR7 {SEQ 1D NO: 1}, all as described herein.
Preferably, in a 14G03-like sequence according to this specifically preferred aspeact, CDR1 and
CDR2 are as defined under d) and e), respectively; or CDR1 and CDR3 are as defined under d) and
f}, respectively; or CDRZ and COR3 are as defined under &) and f), respectively. More preferably,
in such a 14G03-like sequence, CDR1, CDR2 and CDR3 arve all as defined under d), &) and f},
respectively. Again, in such an 14G03-iike sequence, CDRI, CDR2 and CDR3 are preferably such
that the 14G03-like 1SVD has blocking activity, e.g. block SDF-1 binding to CXCR7 partially or
completely as described herein, and/or reducing and/or inhibiting tumorigenesis in a xenograph
model, and/or inhibits B-arrestin recruitment, and/or binds and/or recognizes amino acid residue
W33, and optionally amino acid residue V32 and/or amino acid residue M37 in CXCR7 (SEQ ID
NO: 1), all as described herein.

For example, in a 14G03-like sequence according to this specifically preferred aspect: CDOR1 is the
amino acid sequence INYMG (SEQ D NO: 13} {with CDR2 and CDR3 being as defined under e) and
fi, respectively); and/or CDRZ is the amino acid sequence TLTSGGSTNYAGSVKG {SEQ ID NO; 23)
{with CDR1 and CDR3 being as defined under d} and f), respectively); and/or CDR3 is the amino
acid sequence GGTLYDRRRFES (SEQ 1D NO: 33} (with CDR1 and CDR2 being as defined under d)
and e}, respectively). Particularly, when an 14G03-like sequence is according to this aspect: CDR1
is the amino acid sequence INYMG (SEQ 1D NO: 13} and CDR2 is the amino acid sequence
TLTSGGSTNYAGSVKG {SEQID NO: 23) {with CDR3 being as defined under f) above}; and/or CDR1
s the amino acid sequence INYMG (SEQ 1D NO: 13) and CDR3 is the amino acid sequence
GGTLYDRRRFES (SEQ 1D NO: 33} {with CDR2 being as defined under &) above); and/or CDR2 is the
amino acid sequence TETSGGSTNYAGSVKG (SEQ 1D NO: 23) and CDR3 is GGTLYDRRRFES (SEQUID
NO: 33) (with CDR1 being as defined under d} abowe). Again, in such 14G03-like sequences,
CDR1, CDRZ and CDR3 are preferably such that the 14G03-like 1SVD has blocking activity, e.g.
block SDF-1 binding to CXCR7 partially or completely as described herein, and/or reducing and/or
inhibiting tumorigenesis in a xenograph model, and/or inhibits B-arrestin recruitment, and/or
binds and/or recognizes amino acid residue M33, and optionally amine acid residue V32 and/or

amino acid residue M37 in CXCR7 (SEQ, 1D NO: 1), all as described herein.

In a particularly preferred 14G03-like sequence: CDR1 is the amino acid sequence INYMG (SEQ
1D NO: 13), CDR2 is the amino acid sequence TLTSGGSTNYAGSYKG {SEQ ID NO: 23); and CDR3 is
the amino acid sequence GGTLYDRRRFES {SEQ ID NO: 33).
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in all the 14G03-like sequence described in this paragraph A), the framework sequences may be
as further described herein. Preferably, the framework sequences are such that the framework
sequences have at least 80%, such as at least 85%, for example at least 90%, such as at least 95%
sequence identity with the framework sequences of 14G03 {which, for example, can be
determined by determining the overall degree of sequence identity of a given sequence with the
sequence of 14G03 while disregarding the CDR's in the calculation). Again, the combination of
CDR’s and frameworks present in a given sequence are preferably such that the resulting 14G03-
like 15VD has blocking activity, e.g. block SDF-1 binding to CXCR7 partially or completely as
described herein and/or reducing and/or inhibiting tumorigenesis in a xenograph model, and/or
inhibits B-arrestin recruitment, and/or binds and/or recognizes amino acid residue M33, and
optionally amino acid residue V32 and/for amino acid residue M37 in C{CR7 {SEQ 1D NO: 1), all as

described herein,

in one specific aspect, a 14G03-like seguence is an 1SVD that has at feast 70%, such at least 80%,
for example at least 85%, such as at least 90% or more than 95% sequence identity with the
amino acid sequence 14603 (SEG (D NO: 43). For example, in an 14G03-like sequence according
to this aspect, the CDR’s may be according to the specifically preferred aspect described above,
and may in particularly {but without limitation}) be INYMG (SEQ 1D NO: 13} {CDR1);
TLTSGGSTNYAGSVKG  (SEQ 1D NO: 23) (CDR2Z); and GGTLYDRRRFES (SEQ 1D NO: 33) (CDR3).
Again, preferably, the combination of CDR's and frameworks present in such a 14G03-like 1SVD
are preferably such that the resuiting 14G03-like 1SVD has blocking activity, e.g., block SDF-1
hinding to CXCR7 partially or completely as described herein and/or reducing and/or inhibiting
tumarigenesis in a xenograph model, and/or inhibits B-arrestin recruitment, and/or binds and/or
recognizes amino acid residue M33, and optionally amino acid residue V32 and/or amino acid
residue M37 in CXCR7 {SEQ ID NO: 1}, all as described herein. In one particular aspect, any
14G03-like sequence may be a humanized and/or sequence optimized sequence, as further

described herein.

For binding to CXCR7 and in particular human CXCR7 (SEQ ID NO: 1), an amino acid sequence or
polypeptide of the invention will usually contain within its amino acid sequence one or more amino
acid residues or one or more stretches of amine acid residues {f.e., with each “stretch” comprising
two or amino acid residues that are adjacent to each other or in close proximity to each other, i.e, in
the primary or tertiary structure of the amino acid sequence) via which the amino acid sequence of
the invention can hind to CO(CR7 and in particutar human CXCR7 {SEQID NO: 1), which amino acid
residues or strefches of amino acid residues thus form the “site” for binding to CXCR7 and in

particular human CXCR7 {SEQ D NO: 1) {also referred to herein as the “antigen binding site”).
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The immunogiobulin single variable domains provided by the invention are preferably in essentially
isolated form (as defined herein), or form part of a protein or polypeptide of the invention {(as
defined herein), which may comprise or essentially consist of one or maore immunoglobulin single
variable domains of the invention and which may optionally further comprise one or more further
immunogtobulin single variable domains {all optionally linked via ane ar more sultable linkers),
and/or one or more further binding domains, binding units, amino acid sequences or other
{functional) groups or moieties, that preferably also confer one or more desired properties to the
constructs (some non-limiting examples of the same will become clear from the further description

herein).

The polypeptides or immunoglobulin single variable domains provided by the invention preferentially

reduce tumorigenesis in vivo.

in a further preferred embodiment, the invention provides constructs comprising at least two
immunoglobulin single variable domains against CXCRY. More preferably, said immunoglobulin single
variable domains against CXCR7 are selected from variants of polypeptides and immunogiobulin
single variable domains against CXCR7 as defined in section 1.5 in respect of Table B-2 infro (e.g.,
Group 2 immunoglobulin single variable domains), wherein said immunoglobulin single variable
domains against CXCR7 may be the same or different. Preferably, said two immunoglobulin single
variable domains against CXCR7 are chosen from 14G03-like ISVDs, such as 14603, 08A05, 08A10,
07€03 and 07B11. In another further preferred embodiment, the invention provides constructs
comprising at least two immunoglohulin single variable domains against CXCR7 are selected from
vartants of polypeptides and immunoglobulin single variable domains against CXCR7 which as
defined in section 1.5 in respect of Table B-2 infra {e.g., Group 1 immunoglobulin single variable
domains), wherein said immunoglobulin single variable domains against CXCR7 may be the same or
different. Preferably, said two immunoglobulin single variable domains against CXCR7 are chosen
from 01C10 {SEQ ID NO: 91}, 01812 {SEQ 1D NO: 100), 01F11 (SEG 1D NO: 101) or 01810 {SEG 1D NO:
102).

It has unexpectedly been demonstrated that bispecific constructs comprising at least one Group 1
immunogiobulin single variable domain and at least one Group 2 1SVD are especially suitable for
reducing tumour growth in vivo. In particular, it has been shown that these constructs inhibit SDF-1
binding to CXCR7, inhibit tumour grawth in vivo, as well as inhibit B-arrestin recrultment. Moreover,
in view of the binding efficacy of the Group 2 1SVDs, for instance as characterized by SDF-1
displacement, these constructs comprising at least one Group 1 15VD and at least one Group 2 ISVD

bind better to the target {see e.g., Example 17). This would result in a lower dose for inhibiting
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tumour growth. In addition, the simultaneous inhibition of B-arrestin recruitment would result in a

prolonged anti-tumorigenic effect.

Aceordingly, n a further preferred embodiment, the invention provides constructs comprising at
least two immunoglobulin single variable domains against CXCR7, wherein at least one of said
immunoglobulin single variable domains against OICR7 {i.e., a "first” immuneoglobulin single variable
domains against CXCR7) is 01C10-like, such as for instance 01CL0 {SEQ ID NC: 91}, 01812 {S£EQ 1D NO:
100), 01F11 (SEQ 1D NO: 101) or 01B10 (SEQ 1D NO: 102), or variants thereof as defined in section 1.5
in respect of Teble 8-2 infra {e.g., Group T immunoglobulin single variable domains), and wherein at
least one immunoglobulin single variable domains against CXCR7 (ie., a "second” immunoglobulin
single variable domain against CXCR7) is selected from variants of polypeptides and immunoglobulin
single variable domains against CXCR7 as defined in section 1.5 infro in respect of Table B-2 different
from the "first" immunoglobulin single variable domains against CXCR7 or variants thereof,
Preferably, said "first" immunoglobulin single variable domains against CXCR7 is 01C10 and said
“second” immunoglobulin single variable domains against CXCR7 is chosen from the group consisting

of 14G03-like, such as for instance, 14G03, 08A05, 08A10, 07C03 and 07811

As described in Example 11, binding to CXCR7 by the Group 1 immunoglobulin single variable
domains as represented by 01C10 was influenced by mutating W18, In contrast, binding of all tested
immunoglobulin single variable domains was affected by a M33 mutation, while Group 1 15VDs were
not. it was further shown that Group 1 I1SVDs preferably recognize and/or bind also $23 and D25

{data not shown).

Group 1 iSVDs or polypeptides can be characterized by binding/recognizing "Group 1 epitope™
Group 1 ISVDs or polypeptides bind and/or recognize amino acid residue W19, and optionally amino
acid residue 523 and/or amino acid residue D25 in CXCR7 (SEQ 1D NO: 1), Group 1 epitope comprises
amino acid residue W19, and optionally amino acid residue $23 and/or amino acid residue D25 in
CXCR7 (SEQ ID NO: 1), Group 1 18VDs is represented by inter afic 01C10 (SEG 1D NO: 1), 01812 (SEQ
D NO: 100}, 01F11 (SEQ ID NO: 101} or 01B10 (SEQ ID NO: 102), apparently hitting an epitope

distinct from Group 2 epitope;

Group 2 ISVDs or polypeptides can be characterized by binding/recognizing "Group 2 epltope”.
Group 2 1SVDs or polypeptides do not bind and/or recognize aming acid residue W19, amino acid
residue 523 and/or amino acid residue D25 in CXCR7 {SEQ ID NO: 1). Group 2 1SVDs or polypeptides
bind and/or recognize amino acid residue M33, and optionally amino acid residue V32 and/or amino
acid residue M37 in CXCR7 (SEQ 1D NO: 1}. Group 2 epitope comprises amino acid residue M33, and
optionally amino acid residue V32 and/or amino acid residue M37 in CXCR7 (SEQUID NO: 1), Group 2
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iSVDs are represented by 14G03-like 1SVDs, such as for instance, 14G03 {09A04), 08A05, 08A10 and
07C03, apparently hitting an epitope distinct from Group 1. Preferably, Group 2 BVDs inhibit 8-

arrestin recruitment, as defined herein; and

Group 3 1SVDs or polypeptides can be characterized by binding/recognizing {part of) "Group 1"
epitope as well as {part of} "Group 2" epitope. Group 3 I1SVDs or polypeptides is represented by

07B11, apparently intermediary to Group 1 and Group 2.

The person skilled in the art is familiar with methods common In the art for determining epitopes,

such as for instance provided in Example 11: "epitope mapping” of the present invention.

Accordingly, the present invention relates to polypeptides 1SVDs, as well as {conventional}
antibodies, or parts thereof, such as Fc, Fab, minibodies, etc., recognizing and/or binding W18, and

optionally 523 and/or D25 in CXCR7.

The above described anti-CXCR7/CXCR7Y bispecific constructs may be suitably half-life extended {e.g.,
by pegylation, fusion to serum albumin, or fusion to a peptide or binding unit that can bind to a
serum protein such as serum albumin, as further described herein}, and thus may for example
further comprise a serum-albumin binding peptide or binding domain [such as those described

herein}, optionally linked via ane or more suitable spacers or finkers,

Again, such further binding domains, binding units, amino acid secuences or other {functional)
groups or moieties include one or more other immunogiobulin single variable domains, such as one
or more {singiel domain antibodies, dAb’s or Nanobodies (e.g., & Vi, humanized Vy, or camelized V,,
such as a camelized human V,), so as to provide a “bispecific” protein or polypeptide of the invention
{i.e., a polypeptide of the invention that contains at least one - such as one or two - immunoglobulin
single variable domain that is directed against CXCR7 and at least one - such as one or two -

immunoglobulin single variable domain that is directed against another target).

For example, according to & specific but non-limiting aspect, the constructs, proteins or polypeptides
of the invention may have been provided with an increased half-life, for example by functionalisation
andfor by including in the construct a moiety or binding unit that increases the haif-life of the
construct. Examples of such functionalisation, moieties or binding units will be clear to the skilled
person and may for example include pegylation, fusion to serum albumin, or fusion to a peptide or

binding unit that can bind to a serum protein such as serum atbumin.

In the latter constructs {i.e., fusion constructs comprising at least one — such as one or two - amino
acid sequence of the invention and at teast one — such as one or two - peptide or binding unit that
can bind to a serum protein such as serum albumin}, the serum-albumin binding peptide or binding

domain may be any suitable serum-albumin binding peptide or binding domain capable of increasing
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the half-life of the construct {compared to the same construct without the serum-atbumin binding
peptide or binding domain}, and may in particular be serum albumin binding peptides as described in
WO 2008/068280 by applicant {and in particular WO 2009/127691 and WO 2011/095545, both by
applicant), or a serum-albumin binding immunoglobulin single variable domain (such as a serum-
albumin binding Nanobody; for example Alb-1 or a humanized version of Alb-1 such as Alb-8, for

which reference is for example made to WO 06/122787).

With respect to half-life, it should be noted that in the invention, and by using the various haifife
extending technigues described herein {for example, by suitably choosing a serum-albumin binding
peptide according to WO 2008/068280, WO 2009/127691 and/or WO 2011/095545, the half-life of 3
construct or polypeptide of the invention can {and preferabiy is) suitably "tailored” for the intended
(therapeutic and/or diagnostic) application and/or to obtain the best balance between the desired

therapeutic and/or pharmacological effect and possible undesired side-effects.

Thus, for example, and without limitation, a preferred aspect of the invention provides a “bispecific”
polypeptide consisting essentially of one immunoglobulin single variable domain directed against
human CXCR7 {or, alternatively, of two immunoglobulin single variable domains directed against
human CXCR7, which may be the same or different, so as to provide - when they are the same or
different - a “bivalent” polypeptide of the invention, or - when they are different - “biparatopic”
polypeptide of the invention) and one immunoglobulin singie variable domain directed against
human serum albumin linked by a peptide linker {as defined herein), so as to provide a bispecific
polypeptide of the invention, respectively, all as described herein. Such a protein or polypeptide may

also be in essentially isolated form (as defined herein).

in another specific, but non-limiting aspect, an amino acid sequence {such as a Nanobody) of the
invention or a polypeptide of the invention (such as a bivalent, biparatopic or bispecific polypeptide
of the invention} may be suitably linked {again, chemically or via one or more suitable linkers or
spacers} to a toxin or to a {cytoltoxic residue, moiety or payload. Examples of suitable {cytojtoxic
moleties, compounds, payloads or residues which can be linked to amino acids sequences or
polypeptides of the invention to provide — for example — a cytotoxic compound {i.e.. an antibody-
drug conjugate or “ADC” based upon an amino acid sequence or polypeptide of the invention) will be
clear to the skilled person. Reference is for example made to the review by Ducry and Stump,
Biocanjugate Chem., 2010, 21 {1}, pp. 5~13. Such cytotoxic amino acid sequences or polypeptides of
the invention may in particular be useful/suitable for those applications in which it is intended to kill
a cell that expresses the target against which the amino acid sequences or polypeptides of the
invention are directed {e.g. in the treatment of cancer}, or to reduce or slow the growth and/or

proliferation such a cell. Usually, but without limitation, (cyto)toxic polypeptides of the invention will
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gither not be half-life extendad or will have only a limited and/or tightly controlled half-life

extension.

In another aspect, at least one amino acid sequence of the invention {f.e., immunoglobuiin single
variable domain against CXCR7) may be suitably linked to at least one immunoglobulin single variable
domain that is directed against CXCR4, s0 as to provide a bispecific polypeptide of the invention that

is directed against both CXCRY and CXCR4.

For example, in this aspect, at least one — such as one or two — amino acid sequences of the
invention may be suitably linked to at least one — such as one or two ~immunoglobulin single variable

domains against CXCR4,

Some preferred but non-limiting examples of immunoglobulin single variable domains against C{CR4

that can be used in such constructs are {or may be suitably chosen from)

- the immunoglobulin single variable domains (and in particular one of the Nanobodies) against
CXCR4 frem the international application WO 09/138519 by Ablynx NV, {for example and
without lBmitation, 238D2/SEQ ID NO: 238 and 238D4/SEQ ID NO: 239 in Table B-1.1 of WO
09/138519); and/or

- the sequence-entimized/improved variants of the amino acid sequences 23802 and 23804
described in the non-prepublished US application 61/358,495 by Ablynx NV, filed on june 25,
2010; and/or

- the immunoglobulin single variable domains that are capable of binding to the same epitope as
23802 and/or 238D4 as described in the PCT application PCT/EP2010/064766 by Ablynx NV,
filed on October 4, 2010: and/or

- the 10ES-type seguences, 281E10-type sequences, 10E12-type sequences, 10A10-type
sequences, 10G10-type sequences, 14AZ2-type sequences, 15Al-type sequences, 15H3-type
sequences and/or 283B6-type sequences described on pages 7-13 of the PCT application
PCT/EP2011/050156 by Ablynx NV. filed on January 7, 2011; and/or

- the 10ES-type sequences, 281E10-type sequences, 10E12-type sequences, 10A10-type
sequences, 10G10-type sequences, 14AZ-type sequences, 15Al-type sequences, 15H3-type
sequences andfor 283B6-type sequences described on pages 15-47 of the PCT application
PCT/EP2011/050156 by Ablynx N.V. filed on January 7, 2011.

The abave described anti-CXCR7/CXCR4 bispecific constructs (as well as other bispecific constructs
comprising at least one amino acid sequence of the invention) may be suitably half-life extended

{e.¢g., by pegylation, fusion to serum albumin, or fusion to a peptide or binding unit that can bindto a
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serum protein such as serum albumin, as further described herein), and thus may for example
further comprise a serum-albumin binding peptide or binding domain {such as those described

herein), optionally linked via one or more suitable spacers or linkers.

Thus, one specific but non-limiting aspect of the invention is a polypeptide that comprises one or two
{and preferably one} immunoglobulin single variable domains {(as defined herein, and preferably one
or two Nanobodies) against CXCRY, one or two {and preferably one} immunoglobulin single variable
domains {as defined herein, and preferably one or two Nanchodies) against CXCR4, and a peptide or
immunoglobulin single variable domain against thuman) serum athumin, optionally suitably linked via

one or more spacers or linkers.

The above anti-CXCR7/CXCRA bispecific constructs {as well as other bispecific constructs comprising
at feast one amino acid sequence of the invention) may also be suitably linked {again, chemically or
via one or more suitable linkers or spacers} to a toxin or to a {cytojtoxic residue, molety or payioad
{as further described hersin). Again, such (cytojtoxic bispecfic polypeptides of the invention will
gither not be half-life extended or will have only a limited and/or tightly controlled half-life

extension,

The invention in its broadest sense also comprises derivatives of the amino acid sequences (e.q.,
Nanobodies) of the invention and of the polypeptides of the invention, Such derivatives can generally
be obtained by modification, and in particular by chemical and/or biological (e.g. enzymatical)
modification, of the amino acid sequences (e.g., Nanobodies) of the invention and polypeptides of
the invention and/or of one or more of the amino acid residues that form the Nanobodies of the

invention.

Examples of such modifications, as well as examples of amino acid residues within the amino acid
sequences {e.g., Nanobodies) of the invention and polypeptides that can be modified in such a
manner {ie, either on the protein backbone but preferably on a side chain), methods and
rechnigues that can be used to introduce such modifications and the potential uses and advantages

of such modifications will be clear to the skilled person.

For example, such a modification may involve the introduction (e.g., by covalent linking or in another
suitable manner) of one or more functional groups, residues or moieties into or onto the amino acid
sequences (e.g., Nanobodies) of the invention and polypeptides of the invention, and in particular of
one or more functional groups, residues or moieties that confer one or more desired properties or
functionalities to the Nanobody of the invention. Example of such functional groups will be clear to

the skilled person.
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For example, such modification may comprise the introduction (e.g., by covalent binding or in any
other suitable manner) of one or more functional groups that increase the half-life, the solubility
and/or the absorption of the Nanobody of the invention, that reduce the immunogenicity and/or the
toxicity of the Nanobody of the invention, that eliminate or attenuate any undesirable side effecis of
the Manochody of the invention, and/or that confer other advantageous properties to and/or reduce
the undesired properties of the Nanobodies and/or polypeptides of the invention; or any
combination of two or more of the foregoing. Examples of such functional groups and of technigues
for introducing them will be clear to the skilled person, and can generally comprise all functional
groups and technigues mentioned in the general background art cited hereinabove as well as the
functional groups and technigues known per se for the modification of pharmaceutical proteins, and
in particuiar for the modification of antibodies or antibody fragments {including ScFv's and single
domain antibodies), for which reference is for example made to Remington's Pharmaceutical
Sciences, 16th ed., Mack Publishing Co., Easton, PA {1980}, Such functional groups may for example
be linked directly {for example covalently) to & Nanobody of the invention, or optionally via a suitable

linker or spacer, as will again be clear to the skilled person.

One of the most widely used techniques for increasing the half-ife andfor reducing the
immunogenicity of pharmaceutical proteins comprises attachment of a suitable pharmacclogically
acceptable polymer, such as poly(ethvleneglycol) (PEG) or derivatives thereof [(such as
methoxypoly{ethyleneglycol} or mPEG). Generally, any sultable form of pegylation can be used, such
as the pegylation used In the art for antihodies and antibody fragments (including but not limited to
{single} domain antibodies and ScFv's); reference is made to for example Chapman, Nat. Biotechnol,,
54, 531-545 (2002); by Veronese and Harrls, Adv. Drug Deliv. Rev. 54, 453-458 (2003), by Harris and
Chess, Nat. Rev. Drug. Discov., 2, {2003} and in WO 04/060965. Various reagents for pegylation of

proteins are also commercially available, for example from Nektar Therapeutics, USA.

Preferably, site-directed pegylation is used, in particular via a cysteine-residue {see for example Yang
et al, Protein Engineering, 16, 10, 761-770 {2003). For example, for this purpose, PEG may he
attached to a cysteine residue that naturally occurs in a Nanobody of the invention, a Nanobody of
the invention may be modified so as to suitably introduce one or more cysteine residues for
attachment of PEG, or an amino acid sequence comprising one or more cysteine residues for
attachment of PEG may be fused to the N- and/or C-terminus of a Nanobody of the invention, all

using techniques of protein engineering known per se {o the skilled person.

Preferably, for the Nancbodies and proteins of the invention, a PEG is used with a molecular weight
of more than 5000, such as more than 10,000 and less than 200,000, such as less than 100,000; for
example in the range of 20,000-80,000.
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Another, usually less preferred modification comprises N-linked or O-linked glycosylation, usually as
part of co-transiational and/or post-transiational modification, depending on the host cell used for

expressing the Nanobody or polypeptide of the invention.

Yet another modification may comprise the introduction of one or more detectable labels or other
signal-generating groups or moieties, depending on the intended use of the labelled Nanobody.
Suitable labels and techniques for attaching, using and detecting them will be clear to the skilled
person, and for example include, but are not limited to, the fluorescent labels, phosphorescant
tabels, chemiluminescent labels, bioluminescent labels, radioc-isotopes, metals, metal chelates,
metallic cations, chromophores and enzymes, such as those mentioned on page 109 of WO
08/020079. Other suitable labels will be ciear to the skilled person, and for example include moisties

that can be detected using NMR or £SR spectroscopy.

Such labelied Nanobodies and polypeptides of the invention may for example be used for in vitrg, in
vivo ar in situ assays (including immunoassays known per se such as ELISA, RiA, EIA and other
“sandwich assays”, etc.) as well as in vivo diagnostic and imaging purposes, depending on the choice

of the specific label.

As will be clear to the skilled person, another modification may involve the introduction of a
chelating group, for example to chelate one of the metals or metallic cations referred to above.
Suitable chelating groups for example include, without limitation, diethyl-enetriaminepentaacetic

acid {DTPA} or ethylenediaminetetraacetic acid {EDTA).

Yet another modification may comprise the introduction of a functicnal group that is one part of a
specific binding pair, such as the biotin-{strept]avidin binding pair. Such a functional group may be
used to link the Nanobody of the invention to another protein, polypeptide or chemical compound
that is bound to the other half of the binding pair, i.e., through formation of the binding pair. For
example, a Nanobody of the invention may be conjugated to biotin, and linked 1o another protein,
polypeptide, compound eor carrier conjugated to avidin or streptavidin. For example, such a
conjugated Nanobody may be used as a reporter, for example in a diagnostic system where a
detectable signal-producing agent is conjugated to avidin or streptavidin. Such binding pairs may for
example also be used 1o bind the Nanobeady of the invention to a carrier, including carriers suitable
far pharmaceutical purposes. One non-limiting example are the liposomal formulations described by
Cao and Suresh, Journal of Drug Targetting, 8, 4, 257 {2000}, Such binding pairs may also he used to

link a therapeutically active agent to the Nanobhody of the invention,

Other potential chemical and enzymatical modifications will be clear to the skilied person. Such

modifications may also be introduced for research purposes {e.g., to study function-activity
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refationships). Reference is for example made to tundblad and Bradshaw, Biotechnol. Appl.

Biochem., 26, 143-151 {1997}.

The immunoglcbulin single variable domains and polypeptides of the invention as such preferably
essentially consist of 2 single amino acid chain that is not linked via disuiphide bridges to any other
amino acid seguence or chain {but that may or may not contain one or more intramolecular
disuiphide bridges. For example, it Is known that agent of the invention — as described herein - may
sometimes contain a disulphide bridge between CDR3 and CDR1 or FR2). However, it should be
noted that one or more immunoglobulin single variable domains of the invention may be linked to
each other and/or to other immunoglobulin single variable domains (e.g., via disulphide bridges) to
provide peptide constructs that may alse be useful in the invention {for example Fab’ fragments,
Flab'y, fragments, ScFv constructs, “diabodies” and other multispecific constructs. Reference is for

example made to the review by Holliger and Hudson, Nat Biotechnol, 2005 Sep;23(9):1126-36).

Generally, when an amino acid sequence of the invention {or a compound, construct or polypeptide
comprising the same} is intended for administration to a subject (for example for therapeutic and/or
diagnostic purposes as described herein), it is preferably either an amino acid sequence that does not
occur naturally in said subject; or, when it does occur naturally in said subject, is in essentiaily

isolated form {as defined herein}.

tt will also be clear to the skilled person that for pharmaceutical use, the immuneglabulin single
variable domains of the invention {as well as compounds, constructs and polypeptides comprising
the same) are preferably directed against human CXCR7 and in particular human CXCR7 {SEQ ID NO:
1); whereas for veterinary purposes, the immuncglobulin single variable domains and polypeptides
af the invention are preferably directed against CXCR7 from the species to be treated, or at least

cross-reactive with CXCRT from the species to be treated.

Furthermore, an amino acid sequence of the invention may optionally, and in addition to the at least
one binding site for binding against CXCR7 and in particular human CXCR7 {SEQ ID NO: 1), contain

one or more further binding sites for binding against other antigens, proteins or targets.

The efficacy of the immunoglobulin single variable domains and polypeptides of the invention, and of
compositions comprising the same, can be tested using any suitable in vitro assay, cell-based assay,
in vive assay and/or animal model known per se, or any combination thersof, depending on the
specific disease or disorder involved. Suitable assays and animal models will be clear to the skilled
persan, and for example include ligand displacement assays {Burns et al, JExp.Med. 2006
4:203{9):2201-13), beta arrestin recruitment assays {Zabel et al,, J. Immunol. 2009 1;183(5):3204~
11), dimerization assays {Luker et al, Faseb 1. 2009 23(3):823-34), signaling assays (Wang et al, J
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Immunol. 2009 Sep 1;183({5):3204-11) proliferation assays (Wang et al, J Immunacl. 2009 Sep
1;183(5):3204-11; Odemis et al,, I Cell Sign. 2010 April 1; 123(Pt 7): 1081-8), survival assays (Burns et
al, 1Exp.Med. 2006 4;203(9}2201-13), cell adhesion assays (Burns st al, J.Exp.Med. 2006
4;203(9):2201-13} and transendothelial migration assays {Mazzinghi et al, 1.Exp.Med. 2008 Feb
18;205{2}:479-90), endothelial cell sprouting assays (Wang et al, | Immunol. 2009 Sep 1;183{5):3204-
11}, myogenic differentiation {Melchionna et al., Muscle Nerve, 2010 Feb 11) and Jn vivo xenograft
madels (Burns et al, LExp.Med. 2006 4;203(9):2201-13), collagen induced arthritis models {Hegen et
al, Ann Rheum Dis. 2008 Nov;67{(11}:1505-15} and experimental autoimmune encephalomyelitis
models {(Wekerle, Ann Rheum Dis. 2008 Dec;67 Suppl 3:ii56-60) as well as the assays and animal

models used in the experimental part below and in the prior art cited herein,

Also, according to the invention, immunoglobulin single variable domains and polypeptides that are
directed against CXCR7 from a first species of warm-blooded animal may or may not show cross-
reactivity with CXCR7 from one or more other species of warm-blooded animal. For example,
immunoglobulin single variable domains and polypeptides directed against human CXCR7 and in
particular human CXCR7 {(SEG ID NO: 1) may or may not show cross reactivity with CXCR7 from one
or mare other species of primates {such as, without limitation, monkeys from the genus Maococo
{such as, and in particular, cynomolgus monkeys (Macoca fascicularis) andfor rhesus monkeys
{Macaca mulatta)) and baboon {Papic ursinus)} and/or with CXCR7 from one or more species of
animals that are often used in animal models for diseases (for example mouse, rat, rabbit, pig or
dog), and in particular in animal models for diseases and disorders associated with CXCR7 and in
particular human CXCR7 (SEQ D NO: 1) {such as the spacies and animal models mentioned herein). In
this respect, it will be clear to the skilled person that such cross-reactivity, when present, may have
advantages from a drug development gpaint of view, since it allows the immunoglobulin single
variable domains and polypeptides against human CXCR7 and in particular human CXCR7 (SEQ ID NO:

1} to be tested in such disease models (see e.g., Example 12).

More generally, immunoglobulin single variable domains and polypeptides of the invention that are
cross-reactive with CXCRY from multiple species of mammal will usually be advantageous for use in
veterinary applications, since it will allow the same amine acid sequence or polypeptide to be used
across multiple species. Thus, it is also encompassed within the scope of the invention that
immunoglobulin single variable domains and polypeptides directed against CXCR7 from one species
of animal [such as immunoglobulin single variable domains and polypeptides against human CXCR7
{SEQ 1D NO: 1} can be used in the treatment of another species of animal, as long as the use of the
immunoglobulin single variable domains and/or polypeptides provide the desired effects in the

snecies to be treated.
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The present invention is in its broadest sense also not particularly limited to or defined by a specific
antigenic determinant, epitope, part, domain, subunit or confirmation {where applicable} of CXCR7
and in particular human CXCR7 (SEQ ID NO: 1} against which the immunoglobulin single variable
domains and polypeptides of the invention are directed. For example, the immunoglobulin single
variable domains and polypeptides may or may not be directed against the CXCLIL/CXCL12
interaction site andfor CXCR7/CACR7 homodimerization site and/or CXCR4/CXCR7  hetero-
dimerization site {or heterodimerization of CXCR7 to other chemokine receptor such as e.g. CXCR3),

and are as further defined herein.

As further described herein, a polypeptide of the invention may contain two or more
immunoglobulin single variable domains of the invention that are directed against CXCR7 and in
particular human CXCR7 (SEG 1D NO: 1), Generally, such polypeptides will bind to CXCR7 and in
particular human CXCRY {SEQ 1D NO: 1} with increased avidity compared to a single amino acid
sequence of the invention. Such a polypeptide may for example comprise two immunoglobulin single
variable domains of the invention that are directed against the same antigenic determinant, epitope,
part, domain, subunit or confirmation {(where applicable} of CXCR7 and in particular human CXCR?
{SEQL 1D NO: 1} {which may or may not be an interaction site); or comprise at least one "first” amino
acid sequence of the invention that is directed against a first same antigenic determinant, epitope,
part, domain, subunit or confirmation {where applicable} of CXCR7 and in particular human CXCR7
{SEQ ID NO: 1} {which may or may not be an interaction site], such as for instance Group 1 epitopes;
and at least one “second” amino acid sequence of the invention that is directed against a second
antigenic determinant, epitope, part, domain, subunit or confirmation {where applicable) different
fram the first {and which again may or may not be an interaction site) , such as for instance Group 2
epitopes. Preferably, in such “biparatopic” polypeptides of the invention, at least one amino acid
sequence of the invention is directed against an interaction site {as defined herein), although the
invention in its broadest sense is not limited thereto. For instance, polypeptides of the invention may
be formatted e.g., in a biparatopic way such as to combine monovalent building blocks directed
against different epitopes as characterized in the experimental part (see Examples © to 17). Although
the binding constants, e.g., association and dissociation constants, of individual immunoglobulin
single variable domains of a "bivalent” polypeptide are wholly favourable over the binding constants
of the individual immunogiobulin single variable domains of a “biparatopic” polypeptide, the present
invention demonstrates completely unexpectedly that a "biparatopic” polypeptide of the invention is

more effective in biclogical assays, e.g., B-arrestin assay, than "bivalent” polypeptides.
ypep

Also, when the target is part of a binding pair {for example, a receptor-ligand binding pair), the

immunoglobulin single variable domains and polypeptides may be such that they compete with the
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cognate binding partners, e.g., CXCL11 {also referred to as -TAC) andfor CXCL12 (also referred to as
SDF-1}, for binding to CXCR7, and/or such that they {fully or partially) neutralize binding of the

binding partner to the target.

it is also expected that the immunoglobulin single variable domains and polypeptides of the
invention will generally bind to all naturally occurring or synthetic analogs, variants, mutants, alleles,
parts and fragments of CXCR7 and in particular human CXCR7 {SEQ ID NO: 1); or at least to those
analogs, variants, mutants, alleles, parts and fragments of CXCR7 and In particular human CXCR7
(SEQL D NO: 1) that contain one or more antigenic determinants or epitopes that are essentially the
same as the antigenic determinant(s) or epitope(s} to which the immunoglobulin single variable
domains and polypeptides of the invention bind to CXCR7 and in particular to human CXCR7 (SEQ ID
NO: 1). Again, in such a case, the immunoglobulin single variable domains and polypeptides of the
invention may bind to such analogs, variants, mutants, alleles, parts and fragments with an affinity
and/or specificity that are the same as, or that are different from {i.e., higher than or lower than), the
affinity and specificity with which the immunoglobulin single variable domains of the invention bind

to (wild-type) CXCR7.

As CXCR7 and in particular human CXCR7 (SECQL 1D NO: 1) exists in a monomeric form and in one or
more muitimeric forms, e.g., in homodimeric as well in heterodimeric form with CXCR4, e.g., human
CXCR4 {RM Maksym et al., supra; KE Luker et al. supra), it is within the scope of the invention that
the immunoglobulin single variable domains and polypeptides of the invention i) only bind to CXCR7
and in particular human CXCR7 {SEQ D NO: 1} in monomeric form, if} only bind to CXCR7 and in
particular human CXCR7 {SEQ 1D NO: 1) in multimeric/dimeric {homo- and/or heterodimeric) form, or
it} bind to both the monomeric and the multimeric form. In a preferred aspect of the invention, the
polypeptides of the invention prevent formation of homodimeric human CXCR7 complexes and/or
heterodimeric human CXCR4/CXCRY complexes. In another preferred aspect of the invention, the
polypeptides of the invention do not induce {even at higher concentration such as 10nM or less,
50nM or less, 200nM or less, or 500nM or less) formation of homodimeric human CXCR7 complexes
and/or heterodimeric human CRCRA/CXCRT complexes, Again, in such a case, the polypeptides of the
invention may bind to the monomeric form with an affinity and/or specificity that are the same as, or
that are different from {i.e., higher than or lower than), the affinity and specificity with which the

immunoglobulin single variable domains of the invention bind to the multimeric form.

Also, when CXCRY and in particular human CXCR7 (SEQ 1D NO: 1} can associate with other proteins or
nolypeptides to form protein complexes {e.g., with CXCL12/SDF-1 or CXCLL1/I-TAC), it is within the
scape of the invention that the immunoglobulin single variable domains and polypeptides of the

invention bind to CXCR7 and in particular human CXCR7 {SEQ ID NO: 1} in its non-associated state
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{and e.g. prevent the ligand binding), bind to CXCR7 and in particular human CXCR7 {(SEG ID NC: 1} in
its associated state, or bind to both {preferably to the non-associated state}. in all these cases, the
immunoglebulin single variable domains and polypeptides of the invention may bind to such
assaciated protein complexes with an affinity and/or specificity that may be the same as or different
frem (i.e., higher than or lower than) the affinity and/or specificity with which the immunoglobulin

single variable domains and polypeptides of the invention bind to CACR7 and in particular human

CXCR7 {SEC 1D NO: 1) in its non-associated state.

Also, as will be clear to the skilled person, proteins or polypeptides that contain two or more
immunoglobulin single variable domains directed against CXCR? and in particular human CXCR7 {SEQ
1D NO: 1) may bind with higher avidity to CXCR7 and in particular human CXCR7 {(SEQ 1D NO: 1) than
the corresponding monomeric amine acid sequence(s). For example, and without limitation, proteins
or polypeptides that contain two or more immunoglobulin single variable domains directed against
different epitopes of CXCR7 and in particular human CXCR7 {SEQ,ID NO: 1) may {and usually will) bind
with higher avidity than each of the different monomers, and proteins or polypeptides that contain
two or more immunoglobulin single variable domains directed against CXCR7 and in particular
human CXCR7 (SEG 1D NO: 1) may {and usually will) bind also with higher avidity to a multimer [e.g.
homodimer, heterodimer with CXCR4) of CXCRT and in particular to a multimer {e.g. homodimer,

heterodimer with human CXCR4) of human C{CR7 (SEQ 1D NO: 1).

Generally, immunoglobulin single variable domains and polypeptides of the invention will at least
hind to those forms of CXCR7 and in particular human CXCR7 (SEQ 1D NO: 1) {including monomeric,
multimeric, associated and different conformationat forms) that are the most relevant from a

biological and/or therapeutic point of view, as will be clear to the skilled person.

It is also within the scope of the invention to use parts, fragments, analogs, rutants, variants, alleles
and/or derivatives of the immunoglobulin single variable domains and polypeptides of the invention,
and/or to use proteins or polypeptides comprising or essentially consisting of one or more of such
parts, fragments, analogs, mutants, variants, alleles and/or derivatives, as long as these are suitable
for the uses envisaged herein. Such parts, fragments, analogs, mutants, variants, alleles and/for
derivatives will usually contain {at least part of} a functional antigen-binding site for binding against
CXCR7 and in particular human CXCR7 (SEQ 1D NO: 1); and more preferably will be capable of specific
binding to CXCR7 and in particular human CXCR7 {SEQ 1D NO- 1}, and even more preferably capable
of binding to CXCR7 and in particular human CXCR7 {SEQ D NO: 1) with an EC50 value, average Ki,
ICsy value concerning binding, migration, displacing and/ov proliferation blocking and/or other
measures for potency, as further described herein, e.g., in the experimental part} that is as defined

herein and such parts, fragments, analogs, mutants, variants, alleles and/or derivatives may be more
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potent, more stable, more soluble and may have the same epitope. Some non-limiting examples of
such parts, fragments, analogs, mutants, variants, alleles, derivatives, proteins and/or polypeptides
will become clear from the further description herein. Additional fragments or polypeptides of the
invention may also be provided by suitably combining {i.e. by linking or genetic fusion) one or more

{smaller) parts or fragments as described herein.

For a general description of immunoglobulin single variable domains, reference is made to the
further description below, as well as to the prior art cited herein. In this respect, it should however
be noted that this description and the prior art mainly describes immunoglobulin single variable
domains of the so-calied “Vy3 class” {i.e., immunoglobulin single variable domains with a high degree
of sequence homology to human germline sequences of the V3 class, such as DP-47, DP-51 or DP-
29}, which form a preferred aspect of this invention. It should however be noted that the invention in
its broadest sense generally covers any type of immunoglobulin single variable domains directed
against CXCR7 and in particular human CXCR7 (SEQ 1D NO: 1), and for example also covers the
immunoglobulin single variable domains belonging to the so-called “V,4 class” (i.e., immunoglobulin
single variable domains with a high degree of sequence homelogy to human germline seqguences of

the Va4 class such as DP-78), as for example described in WO 07/118670.

Generally, immunoglobulin single variable domains (in particular Vi seguences and sequence
optimized immunoglobulin single variable domains] can in particular be characterized by the
presence of one or more “Hallmark residues” {as described herein} in one or more of the framework

sequences {again as further described herein).

Thus, generally, an immunecglobulin single variable domain can be defined as an amino acid sequence

with the {general) structure
FR1-CDR1-FRZ-CDRZ2-FR3-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4, respectively, and in which CDR1 to COR3 refer

to the complementarity determining regions 1 to 3, respectively,

in a preferred aspect, the invention provides polypeptides comprising at least an immunoglobulin

single variable domain that is an amino acid sequence with the {general) structure
FR1-CDR1-FR2-CDR2-FR3-CDR3 -FR4

in which FR1 to FR4 refer to framework regions 1 to 4, respectively, and in which CDR1 to CDR3 refer

1o the complementarity determining regions 1 to 3, respectively, and in which:
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at least one of the amino acid residues at positions 11, 37, 44, 45, 47, 83, 84, 103, 104 and 108
according to the Kahat numbering are chosen from the Hallmark residues mentioned in Table A-

1 below; and/or in which:

said amino acid sequence has at least 80%, more preferably 90%, even more preferably 95%
amino acid identity with at least one of the Immuncgiobulin single variable domains as shown in
WO 2009/138519 {see SEQ ID NOs: 1 to 125 in W0 2003/138519), in which for the purposes of
determining the degree of amino acid identity, the amino acid residues that form the CDR

sequences {indicated with X in the seguences} are disregarded; and/or in which:

the CDR sequences are generally as further defined herein {e.g. the CDR1, CDR2 and COR3 ina
combination as provided in Table B-2, note that the CBR definitions are calculated according to

the Kabat numbering system); and/or in which:

the FR seguences are generally as further defined herein, such as, for instance, the FR1, FRZ, FR3
and FR4 in a combination as provided in Table B-2, and/or FR1, FR2, ER3 and FR4 has at least
80%, more preferably 90%, even more preferably 95% amino acid identity with at least one of
FR1, FR2, FR3 and FR4, respectively, of the FRs as provided in Table B-2 {wherein the FR

definitions are calculated according to the Kabat numbering system).
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Table A-1: Hallmark Residues in VHHs
Position Human V3 Hallmark Residues
il L,V predominantly | L, S, V.M, W F, T, Q. E, AR, G K, Y, N, P, [; preferably L
L
37 YV, 1L F; usually V FU Y, V1L, A H, S, LW, C, N, G, D, T, P, preferably F' or
Y
44% G E¥ QY GY DA KR LES V. H TN W, MI
preferably G E¥or Q(3);mast preferably G% or Q“),
435® L L9 RY P, H,F G, Q8 ET,Y,C 1D, V; preferably L®
or RY
479 W, Y FOLMorw GULS, AV, MR Y E B ILCOH KON,
D; preferably W' L% or T
83 R or K; usually R R, K9 T,BEY Q,N S, 1, V,G M, L, A, D, Y, H; preferably
K or B; most preferably K
84 AT, D PP S H, L, A, V,LT,F,D,R, V. N, Q, G, E; preferably P
predominantly A
103 W WO RY G, 8, K,AMY,LET,NV,QPYEC
preferably W
104 G G, A8, T, D, P, N E, C, L; preferably G
108 L.MorT; Q, LY R,P,E, K, S, T, M, A, H; preferably Q or LU
predominantly L

{1y In particular, but not exclusively, in combination with KERE or KQRE at positions 43-46,

() Usually as GLEW at positions 44-47.

3y Usually as KERE or KQRE at positions 43-46, e.g. as KEREL, KEREF, KQREL, KQREF, KEREG,
KQREW or RQREG at positions 4347, Alternatively, also sequences such as TERE {(for example
TEREL), TQRE (for exarmple TQREL), KECE (for example KECEL or KECER), KQCE {for cxample

(4}
{5}
(%)

)

(8}

KQCEL), RERE (for example REREG), RQRE {for exarmple RQREL, RQREF or RQREW)}, QERE (for
example QEREG), QORE, (for example QUREW, QQREL or QQREF), KGRE (for example KGREG),
KDRE {for example KDREV) are possible. Some other possible, but less prefemed sequences include for
example DECKL and NVCEL,

With both GLEW at positions 44-47 and KERE or KQRE at positions 43-46,

Often as KP or EP at positions 83-84 of naturally ocownring Vi domains.

In particular, but not exclusively, in combination with GLEW at positions 44-47.

With the proviso that when positions 44-47 are GLEW, position 108 is always Q in {(non-humanized) Vi
sequences that also confain a W at 103,

The GLEW group also contains GLEW-like sequences at positions 44-47, sach as for example GVEW,
EPEW, GLER, DOQEW, DLEW, GIEW, FLEW, GPEW, EWLP, GPER, GLER and ELEW.
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Again, such immunoglobulin single variable domains may be derived in any suitable manner and
from any suitable source, and may for example he naturally occurring Vay sequences (i.e, from a
suitable species of Camelid, e.g., lama) or synthetic or semi-synthetic VHs or VLs {e.g., from human}.
Such immunoglobulin single variable domains may include “humanized” or otherwise “sequence
optimized” VHHs, “camelized” immunoglobulin sequences (and in particular camelized heavy chain
variable domain sequences, i.e., camelized VHs), as well as human VHs, human Vis, camelid VHHs
that have been altered by technigues such as affinity maturation (for example, starting from
synthetic, random or naturally occurring immunoglobulin sequences), COR grafting, veneering,
combining fragments derived from different immunoglobulin sequences, PCR assembly using
overlapping primers, and similar technigues for engineering immunoglobulin sequences wall known

to the skilled person; or any suitable combination of any of the foregoing as further described herein.

in a further preferred aspect, the invention provides polypeptides comprising one immunogiobulin
single variable domain with amino acid sequence selected from the group consisting of amino acid
sequences with SEG 1D NOs: 39 to 43 and 91 as well as 99-102 {see Table B-3} and one
immunoglobulin single variable domain with amino acid sequence selected from the group consisting

of moieties providing an increased half-life {see below}.

in a further preferred aspect, the invention provides polypeptides comprising at least one
immunoglobulin single variable domain with amino acid sequence selected from the group consisting
of amino acid sequences that essentially consist of 4 framework regions {FR1 to FR4, respectively)
and 3 complementarity determining regions {CDR1 to CDR3, respectively), in which the CDR
sequences of said amino acid sequences have at least 70% amino acid identity, preferably at least
80% amino acid identity, more preferably at least 90% amino acid identity, such as 95% amino acid
identity or more or even essentially 100% amino acid identity with the CDR sequences of at least one
of the immunoglobulin single variable domains of SEQ {D NOs: 39 to 43 and 97 as well as 99-102 (see
Tables B-2 and 8-3). This degree of amino acid identity can for example be determined by
determining the degree of amino acid identity (in a manner described herein) between said amino
acid sequence and one or more of the sequences of SEQ 1D NOs: 39 to 43 and 91 as well as 99-102
{see Tables B-2 and B-3), in which the amino acid residues that form the framework regions are
disregarded. Such polypeptides and/or immunoglobulin single variable domains of the invention may

further provide the following:

1. polypeptides comprising at least one immunoglobulin single variable domain that is directed
against (as defined herein) CXCR7 and in particular human CXCR7 {SEQ ID NO: 1) and that has at

least 80%, preferably at least 85%, such as 90% or 95% or mare sequence identity with at least
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one of the immunoglobulin single variabie domains of SEQ 1D NOs: 39 to 43 and 91 as well as 99-

102 {see Table B-3);

2. polypeptides comprising at least one immunoglobulin single variable domain that is directed
against {as defined herein) CXCR7 and in particular human CXCR7 {SEQ ID NG: 1) and that cross-
block {as defined herein) the binding of at least one of the Immuncglobulin single variable
domains of SEQ 1D NOs: 39 to 43 and 91 as well as 99-102 (see Table B-3} to CACRT and in
particular human CXCR7 (SEQ 1D NO: 1} and/or that compete with at least one of the
immunogtobulin single variable domains of SEQ ID NOs: 39 to 43 and 91 as well as 99-107 (see
Table B-3} for binding to CXCR7 and in particular human CXCRY (SEQ 1D NO: 1); and

3. which immunoglobulin single variable domains may be as further described herein; as well as
polypeptides of the invention that comprise one or more of such immunogiobulin single variable
domains {(which may be as further described herein, and may for example be bispecific {e.g.,
also bind to serum albumin) and/or biparatopic polypeptides as described hereinj, and nucleic
acid sequences that encode such immunoglobulin single variable domains and polypeptides.
Such immunoglobulin single variable domains and polypeptides do not include any naturally

cccurring ligands.

The polypeptides of the invention comprise or essentially consist of at least one immunoglobutin
single variable domain of the invention. Some preferred, but non-limiting examples of
immunoglebulin single variable domains of the invention are given in SEQ 1D NOs: 39 (0 43 and 91 as

well as 99-102 (see Table B-3}.

1.2, Serum atbumin binding buiiding biocks or other building blocks increasing hatf-life

In another aspect, the invention relates to a compound or construct, and in particular to a protein or
nolypeptide (also referred to herein as a “compound of the invention” or “polypeptide of the
invention”, respectively} that comprises or essentially consists of one or more {preferably onej
immunoglobulin single variable domains directed to human CXCR7 {or suitable fragments thereof),
and optionally further comprises one or more other groups, residues, moleties or binding units. As
will become clear to the skilled person from the further disclosure herein, such further groups,
residues, moieties, binding units or immunoglobulin single variable domains may or may not provide
further functionality to the amino acid seguence of the invention {and/or to the compound or
construct in which it Is present) and may or may not modify the properties of the amino acid

sequence of the invention.
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As will be clear from the further description above and herein, this means that the immunoglobulin
single variable domains of the invention can be used as “building blocks” to form polypeptides of the
invention, i.e. by suitably combining them with other groups, residues, moieties or binding units, in
order to form compounds or constructs as described herein {such as, without limitations, the
biparatopic, bi/multivalent and bi/multispecific polypeptides of the invention described hergin)

which combine within one molecule one or more desired properties or biological functions.

The compounds or polypeptides of the invention can generally be prepared by a method which
comprises at least one step of suitably linking the one or more immunoglobulin single variable
domains of the invention to the one or more further groups, residues, moieties or binding units,
optionally via the one or more suitable linkers, 50 as to provide the compound or polypeptide of the
invention. Polypeptides of the invention can also be prepared by a method which generally
comprises at least the steps of providing a nucleic acid that encodes a polypeptide of the invention,
expressing said nucleic acid in a suitable manner, and recovering the expressed polypeptide of the
invention. Such methods can be performed in a manner known per se, which will be clear to the

skilled person, for example on the basis of the methods and techniques further described herein,

The process of designing/selecting and/or preparing a compound or polypeptide of the invention,
starting from an amino acid sequence of the invention, is also referred to herein as “formatting” said
amino acid sequence of the invention; and an amino acid of the invention that is made part of a
compound or polypeptide of the invention is said to be “formaotted” or to be “in the format of’ said
compound or polypeptide of the invention. Examples of ways in which an amino acid sequence of the
invention can be formatted and examples of such formats will be clear to the skilled person based on
the disclosure herein; and such formatted immunoglobulin single variable domains form a further

aspect of the invention.

For example, such further groups, residues, moigties or binding units may be one or more additional
immuneglobudin single variable domains, such that the compound or construct is a {fusion) protein or
{fusion) polypeptide. in a preferred but non-limiting aspect, said one or more other groups, residues,
moieties or binding units are immunoglobulin sequences. Even more preferably, said one or more
other groups, residues, moieties or binding units are chosen from the group consisting of domain
antibodies, immunoglobulin single variable domains that are suitable for use as a domain antibody,
single domain antibedies, immunogiobulin single variable domains that are suitable for use as a
single domain antibody, "dAb's”, immunoglobulin single variable domains that are suitable for use as
a dAb, or Nanobodies. Alternatively, such groups, residues, moieties or binding units may for
example be chemical groups, residues, moleties, which may or may not by themselves be biologically

andfor pharmacologically active. For example, and without limitation, such groups may be linked to
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the one or more immunoglobulin single variable domains of the invention so as o provide a

“derivative” of an amino acid sequence or polypeptide of the invention, as further described herein.

Also within the scope of the present invention are compounds or constructs, that comprises or
essentially consists of one or more darivatives as described herein, and optionally further comprises
one or more other groups, residues, moieties or binding units, optionally linked via one or more
finkers. Preferably, said one or more other groups, residues, moieties or binding units are
immunoglobulin single variabie domains. in the compounds or constructs described above, the cne
or more immunoglobulin single variable domains of the invention and the one or more groups,
residues, moieties or binding units may be linked directly to each other and/or via one or more
suitable linkers or spacers. For example, when the one or more groups, residues, moieties or binding
units are immunoglobulin single variable domains, the linkers may also be immunoglobulin single
variable domains, so that the resulting compound or construct is a fusion {protein) or fusion

{polypeptidel.

in one specific, but non-limiting aspect of the invention, which will be further described herein, the
polypeptides of the invention have an increased half-life in serum (as further described herein)
compared to the immunoglobulin single variable domain from which they have been derived. For
aexample, an immunoglobulin single variable domain of the invention may be linked (chemically or
otherwise} to one or more groups or moieties that extend the half-life {such as PEG), 50 as to provide

a derivative of an amino acid sequence of the invention with increased half-life,

n one specific aspect of the invention, a compound of the invention or a polypeptide of the
invention may have an increased half-life, compared to the corresponding amino acid sequence of
the invention. Some preferred, but non-limiting examples of such compounds and polypeptides will
become clear to the skilled person based on the further disclosure herein, and for example comprise
immunoglobulin single variable domains or polypeptides of the invention that have been chemically
modified to increase the haif-life thereof {for example, by means of pegylation); immunoglobulin
single variable domains of the invention that comprise at least one additional binding site for binding
to a serum protein {such as serum albumin}; or polypeptides of the invention that comprise at least
one amino acid sequence of the invention that is linked to at least one moiety {and in particular at
least one amino acid sequence} that increases the half-life of the amino acid sequence of the
invention. Examples of polypeptides of the invention that comprise such half-life extending moieties
or Immunogiobulin single variable domains will become clear to the skilled person based on the
further disclosure herein; and for example inciude, without limitation, polypeptides in which the one
of more imimyunoglobulin single variable domains of the invention are suitably linked to one or more

serum proteins or fragments thereof (such as (human) serum albumin or suitable fragments thereof}
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or to one or more binding units that can bind to serum proteins {such as, for example, domain
antibodies, immunoglobulin single variable domains that are suitable for use as a domain antibody,
single domain antibodies, immunoglobulin single variable domains that are suitable for use as a
single domain antibedy, "dAb’s”, immunoglobulin single variable domains that are suitable for use as
a dAb, or Nanobodies that can bind to serum proteins such as serum albumin {such as human serum
albumin}, serum immunoglobulins such as g6, or transferrin; reference is made to the further
description and references mentioned herein); polypeptides in which an amino acid sequence of the
invention is linked to an Fc portion {such as a human Fc) or a suitable part or fragment thereof; or
polypeptides in which the one or more immunoglobulin single variable domains of the invention are
suitable linked to one or more small proteins or peptides that can bind to serum proteins (such as,
without limitation, the proteins and peptides described in WO 91/01743, WO 01/45746, WO
02/07648%, WG2008/068280, WO2009/127691),

Generally, the compounds or polypeptides of the invention with increased half-life preferably have a
half-life that is at least 1.5 times, preferably at least 2 times, such as at least 5 times, for example at
least 10 times or more than 20 times, greater than the half-life of the corresponding amino acid
sequence of the invention per se. For example, the compounds or polypeptides of the invention with
increased half-life may have a half-life e.g., in humans that is increased with more than 1 hours,
preferably more than 2 hours, more preferably more than 6 hours, such as more than 12 hours, or
even more than 24, 48 or 72 hours, compared to the corresponding amine acid sequence of the

invention per se,

in a preferred, but non-limiting aspect of the invention, such compounds or polypeptides of the
invention have a serum half-life e.g., in humans that is increased with more than 1 hours, preferably
more than 2 hours, more preferably more than & hours, such as more than 12 hours, or even more
than 24, 48 or 72 hours, compared to the corresponding amino acid sequence of the invention per

s5e.

In another preferred, but non-limiting aspect of the invention, such compounds or polypeptides of
the invention exhibit a serum half-life in human of at least about 12 hours, preferably at least 24
nours, more preferably at least 48 houwrs, even more preferably at least 72 hours or more. For
example, compounds or polypeptides of the invention may have a half-life of at least 5 days (such as
about 5 to 10 days), preferably at least 9 days (such as about 9 to 14 days}, more preferably at least
about 10 days (such as about 10 to 15 days), or at least about 11 days {such as about 11 to 16 days),
more preferably at least about 12 days {such as about 12 to 18 days or more}, or more than 14 days

{such as about 14 to 19 days).
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in a particular preferred but non-limiting aspect of the invention, the invention provides a
polypeptide of the invention comprising i) one CXCR7 binding immunoglobulin single variable domain
as described herein; and i) one or maore [preferably cne) serum albumin binding immunoglobulin

single variable domain as described herein.

In a further preferred aspect, the invention provides a polypeptide of the invention comprising i) one
ot more CXCR7 binding immunoglobulin single variable domain as described herein; and i) one or
more (preferably one) serum albumin binding immunoglobulin single variable doemain of SEQ 1D NO:

2 (Table B-1).

In a further preferred aspect, the invention provides a polypeptide of the invention comprising i) one
or more CXCR7 binding immunoglobulin single variable domain as described herein; and i} one or
more {preferably one} serum albumin binding immunoglobulin single variable domain with CDRs

{defined according to the Kabat numbering) of SEQ 1D NO: 2 {Table B-2, B-1).

Thus, for example, further reference {and thus incorporated by reference) is made in particular to
the experimental part and further description of W02008/068280, wherein further details on SEQ ID
NO: 2 is made and e.g., the half-life of a immunoglobuiin single variable domain construct containing

said sequence in rhesus monkeys is disclosed.

Generally, proteins or polypeptides that comprise or essentially consist of a single immunoglobulin
single variable domain will be referred to herein as “monovalent” proteins or polypeptides ar as
“monovalent constructs”. Proteins and polypeptides that comprise or essentially consist of two or
more immunoglobulin single variable domains (such as at least two immunoglobulin single variable
domains of the invention or at least one immunoglobulin single variable domain of the invention and
at least one other immunoglobulin single variable domain) will be referred to herein as "muftivalent”
proteins or polypeptides or as “multivalent constructs”, and these may provide certain advantages
compared to the corresponding monovalent immunoglobulin single variable domains of the
invention. Some non-limiting examples of such multivalent constructs will become clear from the

further description herein.

According to another specific, but non-limiting aspect, a polypeptide of the invention comprises or
essentially consists of at least one immunogiobulin single variable domain of the invention and at
least one other binding unit {l.e. directed against another epitope, antigen, target, protein or
polypeptide), which is preferably also a immunoglobulin single variable domain. Such proteins or
polypeptides are also referred to herein as “multispecific” proteins or polypeptides or as
"multispecific constructs”, and these may comprise of two immunoglobulin single variable domains

of the invention, such as one immunoglobulin single variable domain directed against CXCR7 and cne
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immunoglobulin single variable domain against serum albumin. Such multispecific constructs will be
clear to the skilled person based on the disclosure herein; some preferred, but non-limiting examples
of such multispecific immunoglobulin single variable domains are the constructs of SEQ {D NOs: 44 to
48, 80-81, 83-85 and 88-89 as well as 131-140 {see Table B-4}, as well as clones 009, 013, 018-029,
031-038, 044, 046, 048-053, 055-058, 060, 061, 063, 065, 068, 069, 072, 081-086 and 093 (Tables B-
12 to B-14).

According to yet another specific, but non-limiting aspect, a polypeptide of the invention comprises
or essentially consists of at least one immunoglobulin single variable domain of the invention,
opticnally ane or more further lmmunoglobulin single variable domains, and at least one other
amino acid seguence {such as a protein or polypeptide) that confers at least one desired property to
the immunoglobulin single variable domain of the invention and/or to the resulting fusion protein.
Again, such fusion proteins may provide certain advantages compared to the corresponding
manovalent immunoglobutin single variable domains of the invention such as e.g. may provide an

increased half-life.

in the above constructs, the one or more immunoglobulin single variable domains and/or other
immunoglebulin single variable domains may be directly linked to each other and/or suitably linked
to each other via one or more linker sequences. Some suitable but non-limiting examples of such

linkers will become clear from the further description herein.

in one embodiment, the linker sequence joining the immunoglobulin single variable domains are SEQ

1D NQOs: 48 to 58 —see Table B-5, or a combination of both, or as known in the art.

According to yet another specific, but non-limiting aspect, a polypeptide of the invention may for
example be chosen from the group consisting of immunogliobulin single variable domains that have
more than 80%, preferably more than 90%, more preferably more than 95%, such as 99% or more
“sequence identity” (as defined herein} with one or more of the immunoglobulin single variable
domaing of SEQ 1D NOs: 39 to 43 and 91 as well as 99-102 {see Table §-3), in which the polypeptides
are preferably as further defined herein, ie., in the preferred format of one immunoglobulin single
variable domain directed against CXCR7 and one immunoglobulin singe variable domain directed

against serum albumin,

According to yet another specific, but non-limiting aspect, a polypeptide of the invention may for
example be chosen from the group consisting of polypeptides that have more than 80%, preferably
more than 90%, more preferably more than 95%, such as 99% or more “sequence identity” {as
defined herein} with ane or more of the polypeptides of SEQ 1D NOs: 44 to 48 {see Table B-4). Some

filustrative non-limiting examples of biparatopic and bispecific polypeptides of the invention are
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given in SEQ 1D NOs: 78 to 89 as well as SEQ ID NOs: 131-140, or clones 009, 013, 018-029, 031-038,
(44, 046, 048-053, 055-058, 060, 061, 063, 065, 068, 069, 072, 081-086 and 093 (Tables B-12 to B-
14).

1.2, Compositions of the invention

Generally, for pharmaceutical use, the polypeptides of the invention may be formulated as a
pharmaceutical preparation or composition comprising at least one polypeptide of the invention and
at least one pharmaceutically acceptable carrier, diluent or exciplient and/or adjuvant, and optionally
one or more further pharmaceutically active polypeptides and/or compounds. By means of non-
fimiting examples, such a formulation may be in a form suitable for oral administration, for
parenteral administration {such as by intravenous, intramuscular or subcutaneous injection or
intravenous infusion), for topical administration, for administration by inhalation, by a skin patch, by
an implant, by a suppository, etc. wherein which the parenteral administration is preferred. Such
suitable administration forms - which may be solid, semi-solid or liguid, depending on the manner of
administration - as well as methods and carriers for use in the preparation thereof, will be clear to
the skilled person, and are further described herein. Such a pharmaceutical preparation or
composition will generally be referred to herein as a “pharmaceutical composition”. A
pharmaceutical preparation or composition for use in a non-human organism will generally be

referred to herein as a “veterinary composition”.

Thus, in a further aspect, the invention relates to a pharmaceutical composition that contains at least
one amino acid of the invention, at least one polypeptide of the invention or at least one polypeptide
of the invention and at least one suitable carrier, diluent or excipient {i.e, suitable for

pharmaceutical use), and opticonally one or more further active substances.

Generally, the polypeptides of the invention can be formulated and administered in any suitable
manner known per se, Reference is for example made to the general background art cited above
{and in particular to WO 04/041862, WO 04/041863, WO 04/041865, WO 04/041867 and WO
(18/020079) as well as to the standard handbooks, such as Remington’s Pharmaceutical Sciences, 18"
£d., Mack Publishing Company, USA (1990}, Remington, the Science and Practice of Pharmacy, 21th
Edition, Lippincott Williams and Wilkins {2005}); or the Handbook of Therapeutic Antibodies (5. Dubel,

Ed.}, Wiley, Weinheim, 2007 (see for example pages 252-255).

The polypeptides of the invention may be formulated and administered in any manner known per se
for conventional antibodies and antibody fragmenis (including Scfv's and diabodies) and other

pharmaceutically active proteins. Such formulations and methods for preparing the same will be
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clear to the skilled person, and for example include preparations suitable for parenteral
administration {for example intravenous, intraperitoneal, subcutaneous, intramuscular, intraluminal,
intra-arterial or intrathecal administration) or for topical (le., transdermal or intradermal)

administration.

Preparations for parenteral administration may for example be sterile solutions, suspensions,
dispersions or emulsions that are suitable for infusion or injection. Suitable carriers or diluents for
such preparations for example include, without limitation, those mentioned on page 143 of WO

08/020079. in one embodiment, the preparation is an agueous solution or suspension.

The polypeptides of the invention can be administered using gene therapy methods of delivery. See,
e.g., U5, Patent No. 5,399,346, which is incorporated by reference for its gene therapy delivery
methods. Using a gene therapy method of delivery, primary cells transfected with the gene encoding
an amino acid sequence, polypeptide of the invention can additionally be transfected with tissue
specific promoeters to target specific organs, tissue, grafts, tumors, or cells and can additionally be

transfected with signal and stabilization sequences for subcellularly localized expression.

Thus, the polypeptides of the invention may be systemically administered, e.g., orally, in combination
with a pharmaceutically acceptable vehicle such as an inert diluent or an assimilable edible carrier.
They may be enclosed in hard or soft shell gelatin capsules, may be compressed into tablets, or may
be incorporated directly with the food of the patient’s diet. For oral therapeutic administration, the
polypeptides of the invention may be combined with one or more excipients and used in the form of
ingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like.
Such compositions and preparations should contain at ieast 0.1% of the polypeptide of the invention.
Their percentage in the compositions and preparations may, of course, be varied and may
conveniently be between about 2 to about 60% of the weight of a given unit dosage form. The
amount of the polypeptide of the invention in such therapeuticatly useful compositions is such that

an effective dosage level will be ghtained.

For local administration at the site of tumor resection, the polypeptides of the invention may be used
in biodegradable polymeric drug delivery systems, slow release poly{lactic-co-glycolic acid

formulations and the like (Hart et al,, Cochrane Database Syst Rev. 2008 Jul 16; {3): CD0Q7294).

in a further preferred aspect of the invention, the polypeptides of the invention, such as a
polypeptide consisting essentially of one monovalent anti-human CXCR7 immunoglobulin single
variable domain and of one monovalent anti-human serum albumin immunogiobulin single variable
domain Hinked by a GS linker, may have a beneficial distribution and kinetics profile in solid tumors

compared 1o conventional antibodies such as e.g., 1gG.
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The tablets, troches, pills, capsules, and the like may also contain binders, excipients, disintegrating
agents, lubricants and sweetening or flavoring agents, for example those mentioned on pages 143-
144 of W0 08/020079. When the unit dosage form is a capsule, iU may contain, in addition to
materials of the above type, 3 liquid carrier, such as a vegetable oil or a polyethylene glycol, Various
other materials may be present as coatings or to otherwise modify the physical form of the selid unit
dosage form. For instance, tablets, pilis, or capsules may be coated with gelatin, wax, shellac or sugar
and the like. A syrup or elixir may contain the polypeptides of the invention, sucrose or fructose as a
sweetening agent, methyt and propylparabens as preservatives, a dye and favoring such as cherry or
orange flavaor. Of course, any material used in preparing any unit dosage form should be
pharmaceutically acceptable and substantially non-toxic in the amounts emploved. In addition, the

polypeptides of the invention may be incorporated into sustained-release preparations and devices.

Preparations and formulations for oral administration may also be provided with an enteric coating
that will allow the constructs of the invention to resist the gastric environment and pass into the
intestines. More generally, preparations and formulations for aral administration may be suitably
formutated for delivery into any desired part of the gastrointestinal tract. In addition, suitable

suppositories may be used for delivery into the gastrointestinal tract,

The polypeptides of the invention may also be administered intravenously or intraperitoneally by
infusion or injection. Particular examples are as further described on pages 144 and 145 of WO

08/020079.

For topical administration, the polypeptides of the invention may be applied in pure form, i.e.,, when
they are liguids. However, it will generally be desirable to administer them to the skin as
compositions or formulations, in combination with a dermatologically acceptable carrier, which may

be a solid or a liquid. Particular examples are as further described on page 145 of WO 08/020079.

Generally, the concentration of the polypeptides of the invention in a liquid composition, such as a
lotion, will be from about 0.1-25 wt-%, preferably from about 0.5-10 wt-%. The concentration in a
semi-solid or solid composition such as a gel or a powder will be about 0.1-5 wt-%, preferably about

0.5-2.5 wt-%.

The amount of the polypeptides of the invention required for use in treatment will vary not only with
the particular polypeptide selected but also with the route of administration, the nature of the
condition being treated and the age and condition of the patient and will be ultimately at the
discretion of the attendant physician or clinician. Also the dosage of the polypeptides of the

invention varies depending on the target cell, tumor, tissue, graft, or organ.
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The desired dose may conveniently be presented in a single dose or as divided doses administered at
appropriate intervals, for example, as two, three, four or more sub-doses per day. The sub-dose itself

may be further divided, e.g., into a number of discrete loosely spaced administrations.

An administration regimen could include Jong-term, daily treatment. By “long-term” is meant at least
two weeks and preferably, several weeks, months, or vears of duration, Necessary modifications in
this dosage range may be determined by one of ordinary skill in the art using only routine
experimentation given the teachings herein. See Remington’s Pharmaceutical Sciences {Martin, EW,,
ed. 4}, Mack Publishing Co., Easton, PA. The dosage can also be adjusted by the individual physician

in the event of any complication.

In another aspect, the invention relates to a method for the prevention and/or treatment of at least
one diseases and disorders associated with CXCR7, sald method comprising administering, to a
subject in need thereof, a pharmaceutically active amount of a polypeptide of the invention, and/or

of a pharmaceutical composition comprising the same.

In the context of the present invention, the term “prevention and/or treatment” not only comprises
preventing and/or treating the disease, but also generally comprises preventing the onset of the
disease, slowing or reversing the progress of disease, preventing or slowing the onset of one or more
symptoms assaciated with the disease, reducing and/or alleviating one or more symptoms associated
with the disease, reducing the severity and/or the duration of the disease and/or of any symptoms
associated therewith and/or preventing a further increase in the severity of the disease and/or of
any symptoms associated therewith, preventing, reducing or reversing any physiological damage
caused by the disease, and generally any pharmacological action that is heneficial to the patient

heing treated.

The subject to be treated may be any warm-blooded animal, but is in particular 2 mammal, and more
in particular 2 human being. As will be clear to the skilled person, the subject to be treated will in

particular be a person suffering from, or at risk of, the diseases and disorders mentioned herein.

The invention relates to a method for the prevention and/or treatment of at least one disease or
disorder that is associated with CXCR7, with its biological or pharmacological activity, and/or with the
biological pathways or signaling in which CXCR7 is involved, said method comprising administering,
to a subject in need thereof, a pharmaceutically active amount of an amino acid sequence of the
inverition, of a Polypeptide of the invention, of a polypeptide of the invention, and/or of a
pharmaceutical composition comprising the same. In one embodiment, the invention relates to a
method for the prevention and/or treatment of at least one disease or disorder that can be treated

by modulating CXCR7, its biclogical or pharmacological activity, and/for the biological pathways or
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signaling in which CXCR7 is involved, said method comprising administering, to a subject in need
therecf, a pharmaceutically active amount of a polypeptide of the invention, and/or of a
pharmaceutical composition comprising the same. In one embodiment, said pharmaceutically
effective amount may be an amaunt that is sufficient to modulate CXCR7, iis biological or
pharmacological activity, and/or the biological pathways or signaling in which CXCR7 is involved;
and/or an amount that provides a level of the polypeptide of the invention in the circulation that is
sufficient to modulate CXCR7, its hiological or pharmacological activity, and/or the biological

pathways or signaling in which CXCR7 is involved.

in one embodimeant the invention relates to a method for the prevention and/or treatment of at
least one disease or disorder that can be prevented and/or treated by administering & polypeptide of
the invention, or a nucleotide construct of the invention encoding the same, andfor of a
pharmaceutical composition comprising the same, to a patient. In one embodiment, the method
comprises administering a pharmaceutically active amount of & polypeptide of the invention, or a
nuclectide construct of the invention encoding the same, and/or of 3 pharmaceutical composition

comyprising the same to a subject in need thereof.

in one embodiment the invention relates to a method for the prevention and/or treatment of at
least one disease or disorder that can be prevented and/or treated by inhibiting binding of CXCL12
and/or CXCL1L to CXCRY in specific cells or in a specific tissue of a subject to be treated {and in
particular, by inhibiting binding of CXCL12 and/or CXCL1L to CXCR7 in cancer cells or in a tumor
present in the subject to be treated), said method comprising administering a pharmaceutically
active amount of a polypeptide of the invention, or a nucleotide construct of the invention encoding

the same, and/or of a pharmaceutical composition comprising the same, to a subject in need thereof.

In one embodiment, the invention relates to a method for the prevention and/or treatment of at
feast one disease or disorder chosen from the group consisting of the diseases and disorders listed
herein, said method comprising administering, to a subject in need thereof, a polypeptide of the
invention, or a nucleotide construct of the invention encoding the same, and/or of a pharmaceutical

composifion comprising the same.

in one embodiment, the invention relates to a method for immunotherapy, and in particular for
passive immunotherapy, which method comprises administering, to a subject suffering from or at
risk of the diseases and disorders mentioned herein, a pharmaceutically active amount of a
nolypeptide of the invention, or a nucleotide construct of the invention encoding the same, and/or of

a pharmaceutical compaosition comprising the same.
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In the above methods, the amino acid sequences, polypeptides of the invention and/or the
compositions comprising the same can be administered In any suitable manner, depending on the
specific pharmaceutical formaation or composition to be used. Thus, the polypeptides of the
invention and/or the compesitions comprising the same can for example be administerad orally,
intraperitoneally (e.g. intravenously, subcutaneously, intramuscularly, or via any other route of
administration that circumvents the gastrointestinal tract), intranasally, transdermally, topically, by
means of a suppository, by inhalation, again depending on the specific pharmaceutical formulation
or compaosition to be used, The clinician will be able to select a suitable route of administration and a
suitable pharmaceutical formulation or composition to be used in such administration, depending on

the disease or disorder to be prevented or treated and other factors well known to the clinician.

The polypeptides of the invention and/or the compositions comprising the same are administered
according to a regime of treatment that is suitable for preventing and/or treating the disease or
disorder to be prevented or treated. The clinician will generally be able 1o determine a suitable
treatment regimen, depending an factors such as the disease or disorder to be prevented or treated,
the severity of the disease to be treated and/or the severity of the symptoms thereof, the
polypeptide of the invention to be used, the specific route of administration and pharmaceutical
formulation or compeosition to be used, the age, gender, weight, diet, general condition of the

patient, and similar factors well known to the clinician.

Generally, the treatment regimen will comprise the administration of one or more polypeptides of
the invention, or of one or more compositions comprising the same, in one or more pharmaceutically
effective amounts or doses. The specific amount(s) or doses te be administered can be determined

by the clinician, again based on the factors cited above.

Generally, for the prevention and/or treatment of the diseases and disorders mentioned herein and
depending on the specific disease or disorder to be treated, the potency of the specific polypeptide
of the invention to be used, the specific route of administration and the specific pharmaceutical
formulation or compaosition used, the polypeptides of the invention will generally be administered in
an amount between 1 gram and 0.01 microgram per kg body weight per day, preferably between 0.1
gram and 0.1 microgram per kg body weight per day, such as about 1, 10, 100 or 1000 microgram per
kg hody weight per day, either continuously {e.g., by infusion), as a single daily dose or as multiple
divided doses during the day. The clinician will generally be able to determine a suitable daily dose,
depending on the factors mentioned herein. It will also be clear that in specific cases, the clinician
may choose to deviate from these amounts, for example on the basis of the factors cited above and
his expert judgment. Generally, some guidance on the amounts to be administered can be obtained

from the amounts useally administered for comparable conventional antibodies or antibody
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fragments against the same target administered via essentially the same route, taking into account
however differences in affinity/avidity, efficacy, biodistribution, half-life and similar factors well

known to the skilled person.

in one embodiment, a single contiguous polypeptide of the invention will be used. In one

embodiment two or more polypeptides of the invention are provided in combination.

The polypeptides of the invention may be used in combination with one or more further
pharmaceutically active compounds or principles, i.e., as a combined treatment regimen, which may
or may not lead to a synergistic effect. Again, the clinician will be able to select such further
compounds or principles, as well as a suitable combined treatment regimen, based on the factors

cited above and his expert judgment.

In particular, the oolypeptides of the invention may be used in combination with other
pharmaceutically active compounds or principles that are or can be used for the prevention and/or
treatment of the diseases and disorders cited herein, as a result of which a synergistic effect may or
may not be cbtained. Examples of such compounds and principles, as well as routes, methods and
pharmaceutical formuiations or compositions for administering them will be clear to the clinician,
and generally include the cytostatic active principles usually applied for the treatment of the tumor

1o be treated.

Specific contemplated combinations for use with the polypeptides of the invention for oncology
include, but are not limited to, e.g., CXCR4 antagonists such as e.g., AMD3100, other chemokine
receptor antagonists, taxol; gemcitobine; cisplating clAP inhibitors {such as inhibitors to clAP1, ciAP2
and/or XIAP); MEK inhibitors including but not limited to, e.g., U0126, PD0325301; bRaf inhibitors
including but not limited o, e.g., RAF265; and mTOR inhibitors including but not limited 1o, e.g.,
RADOOL; VEGF inhibitors including but not limited to e.g. bevacizumab, sutinib and sorafenib; Her 2
inhibitors including but not limited to e.g., trastuzumab and lapatinib; PDGFR, FGFR, src, JAK, STAT
and/or GSK3 inhibitors; selective estrogen receptor modulators including but not limited to
tamoxifen; estrogen receptor downregulators including but not limited to fulvestrant. Specific
contemplated combinations for use with the polypeptides of the invention for inflammatory
conditions include, but are not limited to, e.q., interferon beta 1 alpha and beta, natalizumah; TNF
alpha antagonists including but not limited to e.g., inflikimab, adalimumab, certolizumab pegol,
etanercept; disease-modifying antirheumatic drugs such as e.g., methotrexate (MTX); glucocortioids
including but not limited to e.g. hydrocortisone; Nonstercidal anti-inflammatory drugs including but

not limited to e.g., ibuprofen, sulindac.
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Other specific compounds/polypeptides that could be used in combination (therapy) with the
compounds/polypeptides of the invention are the amino acid sequences and polypeptides directed
against CXCR4 that are described in the international application WO 09/138519 by Ablynx NV, , the
non-prepublished US application 61/358,495 by Ablynx N.V. filed on June 25, 2010; the PCT
application PCT/EP210/064766 by Ablynx N.V. filed on October 4, 2010; and/or the PCT application
PCT/EP2011/050156 by Ablynx N.V. filed on January 7, 2011,

When two or more substances or principles are to be used as part of a combined treatment regimen,
they can bhe administered via the same route of administration or via different routes of
administration, at essentially the same time or at different times {e.g., essentially simultaneously,
consecutively, or according to an alternating regime), When the substances or principles are {o be
administered simultanecusly via the same route of administration, they may be administered as
different pharmaceutical formulations or compositions or part of a combined pharmaceutical

formulation or composition, as will be clear to the skilled person.

Also, when two or more active substances or principles are io be used as part of a combined
treatment regimen, each of the substances or principles may be administerad in the same amount
and according to the same regimen as used when the compound or principle is used on its own, and
such combined use may or may not lead to a synergistic effect. However, when the combined use of
the two or more active substances or principles leads to a synergistic effect, it may also be possible
to reduce the amount of one, more or all of the substances or principles to be administered, while
still achieving the desired therapeutic action. This may for example be useful for avoiding, imiting or
reducing any unwanted side-effects that are associsted with the use of one or more of the
substances or principles when they are used in their usual amounts, while still obtaining the desired

pharmaceutical or therapeutic effect.

The effectiveness of the treatment regimen used according to the invention may be determined
and/or followed in any manner known per se for the disease or disorder involved, as will be clear to
the clinician. The clinician will also be able, where apprapriate and on a case-by-case basis, to change
or modHy a particular treatment regimen, so as to achieve the desired therapeutic effect, to avoid,
Himit or reduce unwanted side-effects, and/or to achieve an appropriate balance between achieving
the desired therapeutic effect on the one hand and aveiding, limiting or reducing undesired side

effects on the other hand.

Generally, the treatment regimen will be followed until the desired therapeutic effect is achieved
and/for for as long as the desired therapeutic effect is to be maintained. Again, this can be

determined by the clinician.
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In another aspect, the invention relates to the use of polypeptide of the invention in the preparation
of a pharmaceutical composition for pravention and/or treatment of at least one of the diseases and
disorders associated with CXCR7; and/or for use in one or more of the methods of treatment

mentioned herein,

The subject to be treated may be any warm-blooded animal, but is in particular 3 mammal, and more
in particular a human being. In veterinary applications, the subject to be treated includes any animal
raised for commaercial purposes or kept as a pet. As will be clear to the skilled person, the subject to
be treated will in particular be a person suffering from, or at risk of, the diseases and disorders

mentioned herein,

The invention relates to the use of a polypeptide of the invention, or a nucleotide encoding the
same, in the preparation of a pharmaceutical composition for the prevention and/or treatment of at
least one disease or disorder that can be prevented and/or treated by administering a polypeptide of
the invention, or a nucleotide encoding the same, and/or a pharmaceutical composition of the same

to a patient.

More in particular, the invention relates to the use of a polypeptide of the invention, or a nucleotide
encoding the same, in the preparation of a pharmaceutical compaosition for the prevention and/or
treatment of diseases and disorders associated with CXCR7, and in particular for the prevention and

treatment of one or more of the diseases and disorders listed herein.

Again, in such a pharmaceutical composition, the one or more polypeptide of the invention, or
nucleotide encoding the same, and/or a pharmaceutical composition of the same, may also be

suitably combined with one or more ather active principles, such as those mentioned herein.

The invention also relates to a composition (such as, without limitation, a pharmaceutical
composition or preparation as further described herein) for use, either in vitro {e.g., in an in vitro or
cellular assay) or in vivo {e.g., in an a single cell or multicellular organism, and in particular in a
mammal, and more in particular in @ human being, such as in a human heing that is at risk of or

suffers from a disease or disorder of the invention).

in the context of the present invention, “modulating” or "to modulate” generally means reducing or
inhibiting the activity of OXCR7 and in particular human CXCR7 {SEQ 1D NO: 1), as measured using a
suitable in vitro, cellular or in vivo assay {such as those mentioned herein). in particular, reducing or
inhibiting the activity of CXCR7 and in particular human CXCRT {SEQ 1D NO: 1), as measured using a
suitable in vitro, cellular or in vivo assay (such as those mentioned herein}, by at least 1%, preferably
at least 5%, such as at least 10% or at least 25%, for example by at least 50%, at least 60%, at least

70%, at least 80%, or 90% or more, compared to activity of CXCR7 and in particular human CXCR7
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[SEQ 1D NO: 1) in the same assay under the same conditions but without the presence of the

polypeptide of the invention.

Modulating may for example involve reducing or inhibiting the binding CXCR7 1o one of its substrates
or ligands and/or competing with natural ligands (CXCLLL and/or CXCL12}, substrate for binding to
CHCRY.

1.4. Generation of the polypeptides of the invention

The invention further relates to methods for preparing or generating the immunoglobulin single
variable domains, polypeptides, nucleic acids, host cells, products and compositions described
herein. Some preferred but non-limiting examples of such methods will become clear from the

further description herein.

Generally, these methods may comprise the steps of:

a) providing a set, collection or library of immunoglobulin single variable domains; and

b} screening said set, collection or library of immunoglobuwlin single variable domains for
immunoglobulin single variable domains that can bind to and/or have affinity for CXCR7 and in
particular human CXCR7 {SEQ 1D NO: 1); and

c} isolating the amino acid sequence(s) that can bind to andfor have affinity for CXCR7 and in

particular human CXCR7 {SEQ 1D NO: 1}.

In such a method, the set, collection or library of immunoglobulin single variable domains may be
any suitable set, collection or library of immunocglobulin single variable domains. For example, the
set, collection or library of immunoglobulin single variable domains may be a set, collection or library
of immunoglobulin sequences {as described herein}, such as a naive set, collection or library of
immunoglobulin sequences; a synthetic or semi-synthetic set, collection or library of immunoglobulin
sequences; andfor a set, collection or library of immunoglobulin sequences that have been subjected

to affinity maturation.

Also, in such a method, the set, collection or library of immunoglobulin single variable domains may
be a set, collection or library of heavy or light chain variable domains (such as V0L-, VH- or VHH
domains). For example, the set, collection or library of immunoglobuiin single variable domains may
be a set, collection or library of domain antibodies or single domain antibodies, or may he a set,
collection or library of immunoglobulin single variable domains that are capable of functioning as a

domain antibody or single domain antibody.



10

20

25

WO 2012/130874 60 PCT/EP2012/055499
in a preferred aspect of this methed, the set, collection or library of immunogiobulin single variable
domains may be an immune set, collection or library of immunoglobulin sequences, for example
derived from a mammal that has been suitably immunized with CXCR7 and in particular human
CXCR7 {SEG 1D NO: 1) or with 5 suitable antigenic determinant based thereon or derived therefrom,
such as an antigenic part, fragment, region, domain, loop or other epitone thereof. In one particular
aspect, said antigenic determinant may be an extracellular part, region, domain, loop or other

extraceliular epitope(s).

in the above methods, the set, collection or library of immunoglobulin single variable domains may
be displayed o a phage, phagemid, ribosome or suitable micro-organism (such as yeast}, such as to
facilitate screening. Suitable methods, techniques and host organisms for displaying and screening (a
set, collection ov library of) immunoglobulin single variable domains will be clear to the person skilled
in the art, for example on the basis of the further disclosure herein. Reference is also made 1o the

review by Hoogenboom in Nature Biotechnology, 23, 8, 1105-1116 (2005).

In another aspect, the method for generating immunaoglobulin single variable domains comprises at

ieast the steps of;

a} providing a collection or sample of cells expressing immunogliobulin single variable domains;

b} screening said collection or sample of cells for cells that express an amino acid sequence that
can bind to and/or have affinity for CXCR7 and in particular human CXCR7 {SEQ 1D NO: 1); and

¢} either (i) isolating said amino acid sequence; or {ii} isolating from said cell a nucleic acid
sequence that encodes said amino acid sequence, followed by expressing said amino acid

seguendce,

In another aspect, the method for generating an amino acid seguence directed against CXCRY and in

particular human CXCR7 (SEQ D NO: 1) may comprise at least the steps of:

a) providing a set, collection or library of nucleic acid sequences encoding immunogicbulin single
variable domains;

b} screening said set, collection or library of nucleic acid sequences for nucleic acid sequences that
encode an amino acid sequence that can bind to and/or has affinity for CXCR7 and in particular
human CXCR7 [SEQ 1D NO: 1); and

¢} isolating said nucleic acid sequence, followed by expressing said amino acid sequence.

In such a method, the set, collection or library of nucleic acid sequences encading immunogiobulin
single variable domains may for example be a set, collection or library of nucleic acid sequences
encoding a naive set, collection or library of immunoglobulin sequences; a set, collection or library of

nucleic acid sequences encoding a synthetic or semi-synthetic set, collection or library of
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immunoglobulin sequences; and/or & set, collection or library of nucleic acid sequences encoding a
set, collection or library of immunoglobulin sequences that have been subjected to affinity

maturation.

In another aspect, the method for generating an amino acid sequence directed against CXCR7 and in

particutar human CXCR7 (SEQLID NO: 1) may comprise at least the steps of:

aj providing a set, collection or library of nucleic acid sequences encoding immunoglobulin single
variable domains;

b} screening said set, collection or library of nucleic acid sequences for nucleic acid sequences that
encode an amino acid sequence that can bind to and/or has affinity for C(CR7 and in particular
human CXCR7 (SEQ ID NO: 1) and that is cross-blocked or is cross blocking a immunoglobulin
single variable domain or polypeptide of the invention, e.g., SEQ 1D NOs: 39 to 43, 91 or 89-102
{Table B-3); and

e} isolating said nucleic acid sequence, followed by expressing said amino acid sequence.

The invention also relates to immunoglobulin single variable domains that are obtained by the above
methods, or alternatively by a method that comprises the one of the above methods and in addition
at least the steps of determining the nucleotide seguence or amino acid sequence of said
immunoglobulin sequence; and of expressing or synthesizing said amino acld sequence in a manner

known per se, such as by expreassion in a suitable host cell or host organism or by chemical synthesis,

Also, following the steps above, one or more immunoglobulin single variable domains of the
invention may be suitably humanized, camelized or otherwise sequence optimized {e.g. sequence
optimized for manufacturability, stability and/or solubility); and/or the amino acid sequence(s) thus
obtained may be linked to each other or to one or more other suitable immunoglobulin single
variable domains {optionally via one or more suitable finkers) so as to provide a polypeptide of the
invention. Also, a nucleic acid sequence encoding an amino acid sequence of the invention may be
suitably humanized, camelized or cotherwise sequence optimized {e.g., sequence optimized for
manufacturability, stability and/or solubility) and suitably expressed; and/or one or more nucleic acid
sequences encoding an amino acid sequence of the invention may be linked to each other or to one
or more nucleic acid sequences that encode other suitable immunoglobulin single variable domains
{optionally via nuclectide sequences that encode one or more suitable linkers), after which the
nucleotide sequence thus obtained may be suitably expressed so as to provide a polypeptide of the

invention,

The invention further relates to applications and uses of the immunoglobulin single variable domains,

compounds, constructs, polypeptides, nucleic acids, host cells, products and compositions described
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herein, as well as to methods for the diagnosis, prevention and/or treatment for diseases and
disorders associated with CXCR7 and in particular human CXCR7 (SEQ 1D NO: 1}. Some preferred but

non-limiting applications and uses will become clear from the further description herein,

The invention also relates to the immunoglobulin single variable domains, compounds, constructs,
polypeptides, nucleic acids, host cells, products and compositions described herein for use in

therapy.

In particular, the invention also relates to the immunoglobulin single variable domains, compounds,
constructs, polypeptides, nucleic acids, host cells, products and compositions described herein for
use in therapy of a disease or disorder that can be prevented or treated by administering, to a
subject in need thereof, of {a pharmaceutically effective amount of) an amino acid seguence,

compound, construct or polypeptide as described herein.

More in particular, the invention relates to the immunoglobulin single variable domains, compounds,
constructs, polypeptides, nucleic acids, host cells, products and compositions described herein for

use in therapy of cancer,

1.5, Variants of polypeptides and immunoglobulin single variable domains of the invention

Polypeptides of the invention and immunoglobulin single variable domains {that form part of the
polypeptides of the invention) may be altered in order to further improve potency or other desired

properties.

Generally, an immunoglobulin single variable domain can be defined as 3 polypeptide with the

formuia 1:
FR1-CDR1-FR2-CDR2-FR2-CDR3-FR4

in which FR1 to FR4 refer to framework regions 1 to 4, respectively, and in which CDR1 to CDR3 refer

to the complementarity determining regions 1 to 3, respectively.

Some particularly preferred, but non-limiting combinations of CDR sequences, as well as preferred
combinations of CDR sequences and framework sequences, are mentioned in Table B-2, which lists
the CDR sequences and framework sequences that are present in a number of preferred {(but non-
fimiting} Immunogiobulin single variable domains of the invention. As will be clear to the skilled
person, a combination of CDR1, CDR2 and CDR3 sequences that occur in the same clone {i.e. CDR1,
COR2 and CDR3 sequences that are mentioned on the same line or row in Table 8-2) will usually be
preferred (although the invention in its broadest sense is not limited therelo, and also comprises

other suitable combinations of the CDR sequences mentioned in Table B-2}. Also, a combination of
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CDR sequences and framework sequences that occur in the same clone {ie., CDR sequences and
framework sequences that are mentioned on the same line or row in Table B-2) will usually be
preferred {although the invention in its broadest sense is not Hmited thereto, and also comprises
other suitable combinations of the CDR seguences and framework sequences mentioned in Table B-
2, as well as combinations of such CDR sequences and other suitable framework sequences, e.g., as

further described herein).

Also, in the immunoglobulin single variable domains of the Invention that comprise the combinations
of CDR's mentioned in Table B-2, each CDR can be replaced by a CDR chosen from the group
consisting of immunoglobulin single variable domains that have at least 80%, preferabiy at least 90%,
more preferably at least 95%, sven more preferably at least 99% sequence identity (as defined

herein) with the mentioned CDR’s; in which:

i} anyamino acid substitution in such a COR is preferably, and compared to the corresponding CDR
sequence mentioned in Table B-2, a conservative amino acid substitution {as defined herein);
and/or

ii} any such CDR sequence preferably only contains amino acid substitutions, and no amino acid
deletions or insertions, compared to the corresponding CDR sequence mentioned in Table B-2;
and/or

i) any such CDR sequence is a2 CDR that is derived by means of a technique for affinity maturation
known per se, and in particular starting from the corresponding CDR sequence mentioned in

Table B-2.

However, as will be clear to the skilled person, the {combinations of) CDR sequences, as well as (the
combinations of} CDR sequences and framework sequences mentioned in Table B-2 will generally be

nreferred.

Thus, in the immunoglobulin single variable domains of the invention, at least one of the COR1, CDRZ
and CDR3 sequences present is suitably chosen from the group consisting of the CDR1, CDR2 and
CDR3 sequences, respectively, listed in Table B-2; or from the group of CDR1, CDRZ and CDR3
sequences, respectively, that have at least 80%, preferably at least 90%, more preferably at least
95%, even more preferably at least 99% “sequence identity” (as defined herein) with at least one of
the CDR1, CDR2 and CDR3 sequences, respectively, listed in Table B-2; and/or from the group
consisting of the CDR1, CDR2Z and CDR3 sequences, respectively, that have 3, 2 or only 1 “amino acid
difference(s)” {as defined herein) with at least one of the CDRI, CDR2 and CDR3 sequences,

respectively, listed in Table B-2.
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In this context, by “suitably chosen” is meant that, as applicable, a CDR1 sequence is chosen from
suitable CDR1 sequences {i.e. as defined herein}, a CORZ sequence is chosen from suitable CDR2
seguences [i.e. as defined herein), and a CDR3 sequence is chosen from suitable COR3 sequence (i.e.
as defined herein), respectively. More in particular, the CDR sequences are preferably chosen such
that the Nanobodies of the invention bind to CXCR7 and in particular human CXCR7 {SEQ 1D NC: 1)
with an affinity {suitably measured and/for expressed as a EC50 value, or alternatively as an 1C,
value, as further described herein in various in vitro and/or in vivo potency or other assays) that is as

defined herein.

in particular, in the immunoglobulin single variable domains of the invention, at least the CDR3
sequence present is suitably chosen from the group consisting of the CDR3 sequences listed in Table
B8-2 or from the group of CDR3 sequences that have at least 80%, preferably at least 90%, more
preferably at least 95%, even more preferably at least 99% sequence identity with at least one of the
CDR3 sequences listed in Table B-2; and/or from the group consisting of the CDR3 sequences that
have 3, 2 or only 1 amino acid difference(s) with at least one of the COR3 seguences listed in Table B-

2.

Preferably, in the immunoglobulin single variable domains of the invention, at least two of the CDR1,
CDRZ and CDR3 sequences present are suifably chosen from the group consisting of the CDR1, CDR2
and CDR3 sequences, respectively, listed in Table B-2 or from the group consisting of COR1, CDR2 and
CDR3 sequences, respectively, that have at least 80%, preferably at least 90%, more preferably at
least 95%, even more preferably at least 99% sequence identity with at least one of the CORL, CDR2
and CDR3 sequences, respectively, listed in Table B-2; and/or from the group consisting of the CDR1,
CDR2 and CDR3 sequences, respectively, that have 3, 2 or onlv 1 “amino acid difference(s}” with at

least one of the CORY, CDRZ and CDR3 sequences, respectively, listed in Table B-2.

In particular, in the immunoglobulin single variable domains of the invention, at least the CDR3
sequence present is suitably chosen from the group consisting of the CDR3 sequences listed in Table
B-2 or from the group of CDR3 sequences that have at least 80%, preferably at least 90%, more
preferably at least 95%, even more preferably at least 99% sequence identity with at least one of the
CDR3 sequences listed in Table B-2, respectively; and at least one of the CDR1 and CDR2 sequences
present is suitably chosen from the group consisting of the CDR1 and CDR2 sequences, respectively,
listed in Table 8-2 or from the group of CDR1 and CDRZ sequences, respectively, that have at least
80%, preferably at least 90%, more preferably at least 95%, even more preferably at least 99%
sequence identity with at least one of the CDR1 and CDR2 sequences, respectively, listed in Table B-

2; and/or from the group consisting of the COR1 and COR2 sequences, respectively, that have 3, 2 or
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only 1 amino acid difference(s) with at ieast one of the CDR1 and CDR2 sequences, respectively,

listed in Table B-2.

Most preferably, in the immunoglobulin single variable domains of the invention, all three COR1,
CDR2 and CDR3 seguences present are suitably chosen from the group consisting of the CDR1, CDR2
and CDR3 sequences, respectively, listed in Table B-2 or from the group of CDR1, COR2Z and CDR3
sequences, respectively, that have at least 80%, preferably at least 90%, more preferably at least
95%, even mora preferably at least 99% sequence identity with at least one of the CDORZ, CDR2 and
CDR3 sequences, respectively, listed in Table B-2; and/or from the group consisting of the CDR1,
CDR2Z and CDR3 sequences, respectively, that have 3, 2 or only 1 amino acid difference(s) with at

least one of the CDR1, CDR2Z and COR3 sequences, respectively, listed in Table B-2.

Even more preferably, in the immunoglobulin single variable domains of the invention, at least one
of the CDR1, CDR2 and CDR3 sequences present is suitably chosen from the group consisting of the
CDR1, CDR2Z and CDR3 sequences, respectively, listed in Table B-2. Preferably, in this aspect, at least
one or preferably both of the other two CDR sequences present are suitably chosen from (DR
sequences that have at least 80%, preferably at least 30%, more preferably at least 95%, even more
preferably at least 99% sequence identity with at least one of the corresponding CDR sequences,
respectively, listed in Table B-2; and/or from the group consisting of the CDR sequences that have 3,
2 or only 1 amino acid difference(s) with at least one of the corresponding sequences, respectively,

listed in Table B-2.

In particular, in the immunoglobulin single variable domains of the invention, at least the CDR3
sequence present is suitably chosen from the group consisting of the CDR3 listed in Table B-2.
Preferably, in this aspect, at least one and preferably both of the CORI and CDR2 sequences present
are suitably chosen from the groups of CDR1 and CDR2 sequences, respectively, that have at least
80%, preferably at least 90%, more preferably at least 95%, even more preferably at least 99%
sequence identity with the CDR1 and CDR2 sequences, respectively, listed in Table B-2; and/or from
the group consisting of the CDR1 and CDRZ seguences, respectively, that have 3, 2 or only 1 amino

acid difference(s) with at least one of the CDR1 and COR2 sequences, respectively, listed in Tahle 8-2.

Even more preferably, in the immunoglobulin single variable domains of the invention, at least two
of the CDR1, CDR2Z and CDR3 sequences present are suitably chosen from the group consisting of the
CDR1, CDRZ and CDR3 sequences, respectively, listed in Table B-2. Preferably, in this aspect, the
remaining CDR sequence present is suitably chosen from the group of CDR sequences that have at
least 80%, preferably at least 90%, more preferably at least 95%, even more preferably at least 99%

sequence identity with at least one of the corresponding CDR sequences listed in Table B-2; and/or
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from the group consisting of CDR sequences that have 3, 2 or only 1 amino acid difference{s) with at

jeast one of the corresponding sequences listed in Table B-2.

In particular, in the immunoglobulin single variable domains of the invention, at least the CDR3
sequence is suitably chosen from the group consisting of the CDR3 sequences listed in Table B-2, and
either the CDR1 sequence or the CDR2 sequence is suitably chosen from the group consisting of the
CDR1 and CDR2 sequences, respectively, listed in Table B-2. Preferably, in this aspect, the remaining
CDR sequence present is suitably chosen from the group of CDR sequences that have at least 80%,
preferably at least 90%, more preferably at least 95%, even more preferably at least 99% sequence
identity with at least one of the corresponding COR sequences listed in Table B-2; and/or from the
group consisting of COR sequences that have 3, 2 or only 1 amino acid difference(s} with the

corresponding CDR sequences listed in Table B-2.

Even more preferably, in the immunoglobulin single variable domains of the invention, all three
CDR1, CDR2 and CDR3 sequences present are suitably chosen from the group consisting of the CDR1,

CDR2 and CDR3 sequences, respectively, listed in Table B-2.

Also, generally, the combinations of CDR's listed in Table B-2 {i.e., those mentioned on the same line
or row in Table B-2} are preferred. Thus, it is generally preferred that, when a CDR in a
immunoglobulin single variable domain of the invention is a CDR sequence mentioned in Table B-2 or
is suitably chosen from the group of CDR sequences that have at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99% sequence identity with a CDR
sequence listed in Table B-2; and/or from the group consisting of CDR seguences that have 3, 2 or
only 1 amino acid difference(s} with a CDR sequence listed in Table B-2, that at least one and
preferably both of the other COR's are suitably chosen from the CDR sequences that belong to the
same combination in Table B-2 {i.e., mentioned on the same line or row in Table B-2) or are suitably
chosen from the group of CDR sequences that have at least 80%, preferably at least 90%, maore
preferably at least 95%, even more preferably at least 99% sequence identity with the CDR
sequence(s} belonging to the same combination and/or from the group consisting of CDR sequences
that have 3, 2 or only 1 amino acid difference(s) with the CDR sequence(s} belonging to the same
combination. The other preferences indicated in the above paragraphs also apply to the

combinations of CDR’s mentioned in Table B-2.

Thus, by means of non-limiting examples, a polypeptide of the invention can for example comprise a
CDR1 sequence that has more than 80 % seguence identity with one of the CDR1 sequences

mentioned in Table B8-2, a CDR2 sequence that has 3, 2 or 1 amino acid difference with one of the
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CDR2 sequences mentioned in Table B-2 {but belonging to a different combination), and a COR3

sequenie.

Some preferred immunoglobulin single vartable domains of the invention may for example comprise:
{1} a CDR1 sequence that has more than 80 % sequence identity with one of the CDR1 sequences
mentioned in Table B-2; a CDRZ sequence that has 3, 2 or 1 amino acid difference with one of the
CDR2 sequences mentionad in Table B-2 {but belonging to a different combination); and a CDR3
sequence that has more than 80 % seguence identity with one of the CDR3 sequences mentioned in
Table B-2 [but belonging to a different combination); or {2} a CDR1 sequence that has more than 80
% sequence identity with one of the CDR1 sequences mentioned in Table B-2; a CDR2 sequence, and
one of the CDR3 seqguences listed in Table B-2; or (3) a CDR1 sequence; a {DR2 sequence that has
more than 80% sequence identity with one of the CDR2 sequence listed in Table B-2; and a CDR3
sequence that has 3, 2 or 1 amino acid differences with the CDR3 sequence mentioned in Table B-2

that belongs to the same combination as the CDR2 sequence.

Some particularly preferred immunoglobulin single variable domains of the invention may for
example comprise; (1) a CDR1 sequence that has more than 80 % sequence identity with one of the
CDRZ sequences mentioned in Table B-2; a CDR2 sequence that has 3, 2 or 1 amino acid difference
with the CDR2 sequence mentioned in Table B-2 that belongs 1o the same combination; and a CDR3
seguence that has more than 80 % sequence identity with the CDR3 sequence mentioned in Table B-
2 that belongs to the same combination; {2} a CDR1 sequence; a CDR2 listed in Table B-2 and a CDR3
sequence listed in Table B-2 {in which the CDR2 sequence and CDR3 sequence may belong to

different combinations).

Some even more preferred immunoglobulin single variable domains of the invention may for
example comprise: {1} a CDR1 seqguence that has more than 80 % seguence identity with one of the
CDR1 sequences mentioned in Table B-2; the CDR2 sequence listed in Table B-2 that belongs to the
same combination; and a CDR3 sequence mentioned In Table B-2 that belongs to a different
combination; or {2) a CBR1 sequence mentioned in Table B-2; a CDR2 sequence that has 3, 2 or 1
aming acid differences with the CDR2 sequence mentioned in Table B-2 that belongs to the same
combination; and a CDR3 sequence that has more than 80% sequence identity with the CDR3

sequence listed in Table B-2 that belongs to the same or a different combination.

Particularly preferred immunoglobulin singie variable domains of the invention may for example
comprise a CDR1 sequence mentioned in Table B-2, a CDR2 sequence that has more than 80 %
seguence identity with the CDR2 sequence mentioned in Table B-2 that belongs to the same

combination; and the CDR3 sequence mentioned in Table B-2 that belongs {0 the same combination.



10

15

20

30

WO 2012/130874 68 PCT/EP2012/055499

In the most preferred immunoglobulin single variable domains of the invention, the {DR1, CDRZ and
CDR3 sequences present are suitably chosen from one of the combinations of CDR1, CDR2 and CDR3

sequences, respectively, listed in Table B-2.

According to another preferred, but non-limiting aspect of the invention {a) CDR1 has a length of
between 1 and 12 amino acid residues, and usually between 2 and 9 amino acid residues, such as 5, &
or 7 amino acid residues; and/or (b) CORZ has a length of between 13 and 24 amino acid residues,
and usually between 15 and 21 amino acid residues, such as 16 and 17 amino acid residues; and/or
{c} COR3 has a length of between 2 and 35 amino acid residues, and usually between 3 and 30 amino

acid residues, such as between 6 and 23 amino acid residues.

In another preferred, but non-limiting aspect, the invention relates to a immunoglobulin single
variable domain in which the CDR sequences (as defined herein) have more than 80%, preferably
more than 90%, more preferably more than 95%, such as 99% or more sequence identity {as defined
herein} with the CDR sequences of at least one of the immunoglobulin single variable domains of SEQ

D NOs: 39 to 43 or 51 as well as 99-102 (see Table B-3).

Another preferred, but non-limiting aspect of the invention relates to humanized variants of the
immunoglobulin single variable domains of SEQ 1D NOs: 39 t0 43 and 91 as well as 99-102 (see Table
B-3), that comprise, compared 1o the corresponding native Vyy, sequence, at least one humanizing
substitution {as defined herein}, and in particular at least one humanizing substitution in at least one

of its framework sequences (as defined herein).

it will be clear to the skilled person that the immunoglobulin single variable domains that are
mentioned herein as “preferred” {or “more preferred”, “even more preferred”, etc.) are also
preferred {or more preferred, or even more preferred, etc.) for use in the polypeptides described
herein. Thus, polypeptides that comprise or essentially consist of one or more “preferred”
immunoglobulin single variable domains of the invention will generally be preferred, and
polypeptides that comprise or essentially consist of one or more “more preferred” immunogiobulin

single variable domains of the invention will generally he more preferred, etc.

1.6, Nucleotides, host cells of the invention

Another aspect of this invention relates to a nucleic acid that encodes an amino acid sequence of the
invention (such as an immunoglobulin single variable domain of the invention) or a polypeptide of
the invention comprising the same. Again, as generally described herein for the nucleic acids of the

invention, such a nucleic acid may be in the form of a genetic construct, as defined herein. Specific
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embodiments of this aspect of the invention are provided in Table B-6, SEQ ID NOs: 53 to 63 and 73

to77.

in another preferred, but non-limiting aspect, the invention relates to nucleic acid sequences of
immunoglobulin single variable domain in which the seguences {as defined herein} have move than
80%, preferably more than 90%, more preferably more than 95%, such as 99% or more seguence
identity (as defined herein} with the sequences of at least one of nucleic acid sequence of the

immunoglobulin single variable domains of SEQUD NOs: 59 to 63 and 73 to 77 (see Table B-5).

in another aspect, the invention relates o nucleic acid sequences that comprise the nucleic acid
sequences of immunaoglobulin single variable domain in which the sequences {as defined herein)
have more than 80%, preferably more than 90%, more preferably more than 95%, such as 99% or
more sequence identity {as defined herein} with the sequences of at least one of nucleic acid
sequence of the immunogiobulin single variable domains of SEQ ID NOs: 58 to 63 and 73 to 77 (see

Tabhie B-6).

In another aspect, the invention relates to host or host celt that expresses or that is capable of
expressing an aming acid seguence {such as an immunoglobulin single variable domain) of the
invention and/or a polypeptide of the invention comprising the same; and/or that contains a nucleic
acid of the invention. Seme preferred but non-limiting examples of such hosts or host cells will

become clear from the further description herein.

As will be clear to the skilled person, one particularly useful method for preparing a polypeptide of

the invention generally comprises the steps of:

i} the expression, in a suitable host cell or host organism {also referred to herein as a “host of the
invention”) or in ancther suitable expression system of a nucleic acid that encodes said amino
acid sequence, polypeptide of the invention {also referred to herein as a “nucleic acid of the
invention”), optionally followed by:

it} isolating and/or purifying the polypeptide of the invention thus obtained.

in particular, such a method may comprise the steps of:

i) cultivating andfor maintaining a host of the invention under conditions that are such that said
host of the invention expresses and/or produces at least one polypeptide of the invention;
optionally followed by:

il isolating and/or purifying the polypeptide of the invention thus obtained.

A nucleic acid of the invention can be in the form of single or double stranded DNA or RNA, and is

preferabily in the form of double stranded DNA. For example, the nucleotide sequences of the
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invention may be genomic DNA, cDNA or synthetic DNA {such as DNA with a codon usage that has

been specifically adapted for expression in the Intended host cell or host organism}.

According to one aspect of the invention, the nucleic acid of the invention is in essentially isolated

from, as defined herein,

The nucleic acid of the invention may also be in the form of, be present in and/or be part of a vector,

such as for example a plasmid, cosmid or YAC, which again may be in essentially isolated form.

The nucleic acids of the invention can be prepared or obtained in a manner known per se, based on
the information on the immunoglobulin single variable domains for the polypeptides of the invention
given herein, and/or can be isclated from a suitable natura! source. To provide analogs, nucleotide
sequences encoding naturally occurring Vi domains can for example be subjected to site-directed
mutagenesis, so at (o provide a nucleic acid of the invention encoding said analog. Also, as will be
clear to the skilled person, to prepare a nucleic acid of the invention, also several nuclectide
sequences, such as at least one nucleotide sequence encoding a polypeptide of the invention and for

example nucleic acids encoding one or more linkers can be linked together in a sultable manner.

Techniques for generating the nucleic acids of the invention will be clear to the skilled person and
may for instance include, but are not limited to, automated DNA synthesis; site-directed
mutagenesis; combining two or more naturally occurring and/or synthetic sequences {or two or
mare parts thereof), introduction of mutations that lead to the expression of a truncated expression
product; introduction of one or more restriction sites (e.g. to create cassettes and/or regions that
may easily be digested and/or ligeted using suitable restriction enzymes), and/or the introduction of
mutations by means of a PCR reaction using one or more “mismatched” primers, using for example a
sequence of a naturally occurring form of CXCR7 and in particular human CXCR7 [SEQID NO: 1) as a
template. These and other techniques will be clear to the skilled person, and reference is again made
to the standard handbooks, such as Sambrook et al. and Ausubel et al., mentioned above, as well as

the Examples below.

The nucleic acid of the invention may also ke in the form of, be present in and/or be part of a genetic
construct, as will be clear to the person skilled in the art and as described on pages 131-134 of WO
08/020079 ({incorporated herein by reference). Such genetic constructs generally comprise at least
one nucleic acid of the invention that is optionally linked to one or more elements of genetic
constructs known per se, such as for example one or more suitable regulatory elements {such as a
suitable promoter(s), enhancer(s), terminator(s), etc.) and the further elements of genetic constructs
referred to herein. Such genetic constructs comprising at least one nucleic acid of the invention will

also be referred to herein as “genetic constructs of the invention”.
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The genetic constructs of the invention may be DNA or RNA, and are preferably double-stranded
DNA. The genetic constructs of the invention may also be in a form suitable for transformation of the
intended host cell or host organism, in a form suitabie for integration into the genomic DNA of the
intended host cell or in a form suitable for independent replication, maintenance and/or inheritance
in the intended host organism. For instance, the genetic constructs of the invention may be in the
form of a vector, such as for example a plasmid, cosmid, YAC, a viral vector or transposon. In
particular, the vector may be an expression vector, /e, a vector that can provide for expression in

vitro and/or in vive (€.g., in a suitable host cell, host orzanism and/or expression system).

in a preferred but non-limiting aspect, a genetic construct of the invention comprises

iy atleast one nucleic acid of the invention; operably connected to

H)  one or more regulatory elements, such as a promoter and optionally a suitable terminator;
and, optionally,

it} one or more further elements of genetic constructs known per se;

in which the terms “operably connected” and “operably linked” have the meaning given on pages
131-134 of WO 08/020079; and in which the “regulatory elements”, “promoter”, “terminator” and
“further elements” are as described on pages 131-134 of WO 08/020079; and in which the genetic
constructs may further be as described on pages 131-134 of WO 08/020079.

The nucleic acids of the invention and/or the genetic constructs of the invention may be used to
transform a host cell or host organism, Le., for expression and/or production of the polypeptide of
the invention. Suitable hosts or host cells will be clear to the skilled person, and may for example be
any suitable fungal, prokaryotic or eukaryotic cell or cell line or any suitable fungal, prokaryotic or
eukaryotic organism, for example those described on pages 134 and 135 of WO 08/020079.; as well
as all other hosts or host cells known per se for the expression and production of antibodies and
antibody fragments {including hut not limited to {single) domain antibodies and ScFv fragments),
which will be clear to the skilled person. Reference is alse made to the general background art cited

hereinabove, as well as to for example WO 94/29457; WO 96/34103; W0 99/42077.

The immunoglobulin single variable domains, and polypeptides of the invention can for example also
be produced in the milk of transgenic mammals, for example in the milk of rabbits, cows, goats or
sheep {see for example US-A-6,741,957, US-A-6,304,489 and US-A-6,849,992 for general techniques
for introducing transgenes into mammals), in plants or parts of plants including but not limited to
their leaves, flowers, fruits, seed, roots or turbers {for example in tobacco, maize, soybean or alfalfa)

or in for example pupae of the sitkworm Bombix mori.
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Furthermore, the immunoglobulin single variable domains, and polypeptides of the invention can
also be expressed and/or produced in cell-free expression systems, and suitable examples of such
systems will be clear to the skilled person. Some preferred, but non-limiting examples include

expression in the wheat germ system: in rabbit reticulocyte lysates; orin the £, coli Ziiba\/ system,

As mentioned above, one of the advantages of the use of immunoglobuiin single variable domains is
that the polypeptides based thereon can be prepared through expression in a suitable bacterial
system, and suitable bacterial expression systems, vectors, host cells, regulatory elements, etc, will
be clear to the skilled person, for example fram the references cited above. It should however be

noted that the invention in its broadest sense is not limited to expression in bacterial systems,

Preferably, in the invention, an {in vivo or in vitro) expression system, such as a bacterial expression
system, is used that provides the polypeptides of the invention in a form that is suitable for
pharmaceutical use, and such expression systems will again be clear to the skilled person. As also will
be clear to the skilled person, polypeptides of the invention suitable for pharmaceutical use can be

prepared using technigues for peptide synthesis,

For production on industrial scale, preferred heterologous hosts for the [industrial) production of
immunoglobulin single variable domains or immunogiobulin single variable domain-containing
protein therapeutics include strains of E. coli, Pichia pastoris, S. cerevisioe that are suitable for large
scale expression/production/fermentation, and in particular for large scale pharmaceutical {i.e., GMP
grade} expression/production/ fermentation. Suitable examples of such strains will be clear to the
skiled person. Such strains and production/expression systems are also made available by

companies such as Richter Helm {(Hamburg, Germany} or CMC Biologics {Soeborg, Denmark).

Alternatively, mammalian cell lines, in particular Chinese hamster ovary {CHO) celis, can be used for
large scale expression/productionffermentation, and in particular for large scale pharmaceutical
expression/production/fermentation. Again, such expression/production systems are also made

avaiiable by some of the companies menticned above.

The choice of the specific expression system would depend in part on the reguirement for certain
post-translational modifications, more specifically glycosylation. The production of a immunoglobulin
single variable domain-containing recombinant protein for which glycosylation is desired or required
would necessitate the use of mammalian expression hosts that have the ability to glycosylate the
expressed protein. In this respect, it will be clear to the skilled person that the glycosylation pattern
gbtained {i.e., the nature of the saccharide, number and position of residues attached) will depend
on the cell or cell Hine that is used for the expression. Preferably, either a human cell or cell line is

used {i.e., leading to a protein that essentially has a human glycosylation pattern) or another
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mammalian cell line is used that can provide a glycosylation pattern that is essentially and/or
functionally the same as human glycosylation or at least mimics human glycosylation. Generally,
prokaryotic hosts such as E. colf do not have the ability to glvcosylate proteins, and the use of lower
sukaryotes such as veast usually leads to a glycosylation pattern that differs from human
glycosylation. Nevertheless, it should be understood that all the foregoing host cells and expression

systems can be used in the invention, depending on the desired polypeptide to be obtained.

Thus, according to one non-limiting aspect of the invention, the polypeptide of the invention is
glycosylated. According to anocther non-limiting aspect of the invention, the polypeptide of the

invention is non-glycosylated.

According to one preferred, but pon-limiting aspect of the invention, the polypeptide of the
invention is produced in a bacterial cell, in particular a bacterial cell suitable for large scale

pharmaceutical production, such as cells of the strains mentioned above.

According to another preferred, but non-limiting aspect of the invention, the polypeptide of the
invention is proeduced in a yeast cell, in particular a yeast cell suitable for large scale pharmaceutical

production, such as cells of the species mentioned above,

According to yet ancther preferred, but non-limiting aspect of the invention, the polypeptide of the
invention is produced in a mammalian cell, in particular in a human cell or in a cell of a human cell
tine, and more in particular in a human cell or in a cell of a human cell line that is suitable for large

scale pharmaceutical production, such as the cell lines mentioned hereinabove.

As further described on pages 138 and 139 of WO 08/020079, when expression in a host cell is used
to produce the immunoglabulin single variable domains, and the polypeptides of the invention, the
immunogiobulin single variable domains, and polypeptides of the invention can be produced either
intracellullarly {e.g., in the cytosol, in the periplasma or in inclusion bodies) and then isolated from
the host cells and optionally further purified; or can be produced extracellularly (e.g., in the medium
in which the host cells are cultured) and then isclated from the culture medium and optionally
further purified. Thus, according to one non-limiting aspect of the invention, the polypeptide of the
invention is an amino acid sequence, polypeptide that has been produced intracellularly and that has
been isolated from the host cell, and in particular from a bacterial cell or from an inclusion body in a
bacterial cell. According to another non-limiting aspect of the invention, the amino acid sequence, or
polypeptide of the invention is an amino acid sequence, or polypeptide that has been produced

extracellularly, and that has been isolated from the medium in which the host cell is cultivated.

Some preferred, but non-limiting promoters for use with these host cells include those mentioned on

pages 139 and 140 of WO 08/020079.
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Some preferred, but non-limiting secretory seguences for use with these host cells include those

mentioned on page 140 of WO 08/020075.

Suitable technigues for transforming a host or host cell of the invention will be clear to the skilled
person and may depend on the intended host celi/host organism and the genetic construct to be

used. Reference is again made to the handbooks and patent applications mentioned above,

After transformation, a step for detecting and selecting those host cells or host organisms that have
heen successfully transformed with the nucleotide sequence/genetic construct of the invention may
be performead. This may for instance be a selection step based on a selectable marker present in the
genetic construct of the invention or a step involving the detection of the amino acid sequence of the

invention, e.g., using specific antibodies.

The transformed host cell {which may be in the form or a stable cell line} or host organisms (which

may be in the form of a stable mutant line or strain) form further aspects of the present invention.

Preferably, these host cells or hast organisms are such that they express, or are {at least} capable of
expressing {e.g., under suitable conditions), a polypeptide of the invention (and in case of a host
organism: in at least one cell, part, tissue or organ thereof). The invention also includes further
generations, progeny and/or offspring of the host cell or host organism of the invention that may for

instance be obtained by celi division or by sexual or asexual reproduction.

To produce/obtain expression of the immunoglobulin single variable domains of the invention, the
transformed host cell or transformed host organism may generally be kept, maintained and/or
cultured under conditions such that the {desired) amino acid sequence, or polypeptide of the
invention is expressed/produced. Suitable conditions will be clear to the skilled person and will
usually depend upon the host cell/host organism used, as well as on the regulatory elements that
control the expression of the {relevant} nucleotide sequence of the invention. Again, reference is
made to the handbooks and patent applications mentioned above in the paragraphs on the genetic

constructs of the invention.

Generaily, suitable conditions may include the use of a suitable medium, the presence of a suitable
source of food and/or suitable nutrients, the use of a suitable temperature, and optionally the
presence of a suitable inducing factor or compound {e.g., when the nuclectide sequences of the
invention are under the contro! of an inducible promoter}; alt of which may be selected by the skilied
person. Again, under such conditions, the immunoglobulin single variable domains of the invention

may be expressed in a constitutive manner, in a transient manner, or only when suitably induced.

It will also be clear to the skilled person that the amino acid sequence, or polypeptide of the

invention may [first} be generated in an immature form {as mentioned above), which may then be
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subjected to post-transiational modification, depending on the host cell/host organism used. Also,
the amino acid sequence, or polypeptide of the invention may be glycosylated, again depending on

the host cell/host organism used.

The amino acid sequence, or polypeptide of the invention may then be isolsted from the host
cellfhost organism and/or from the medium in which said host cell or host organism was cultivated,
using protein isolation and/or purification techniques known per se, such as {preparative)
chromatography and/or electrophoresis technigues, differential precipitation technigues, affinity
techniques (e.g., using a specific, cleavable amino acid sequence fused with the amino acid
sequence, or polypeptide of the invention] and/or preparative immunological technigues {i.e. using

antibodies against the aming acid sequence to be isolated).

The entire contents of all of the references {including literature references, issued patents, published
patent applications, and co-pending patent applications} cited throughout this application are hereby

expressly incorporated by reference, in particular for the teaching that is referenced hereinabove.

1.7 Modulators of CXCR7

A number of different screening protocols can be utilized to identify agents that modulate the level
of activity or function of CXCR7 in cells, particularly in mammalian cells, and especially in human cells,
In general terms, the screening methods involve screening an agent or a plurality of agents to
identify one or more agents that interacts with (human) CXCR7 {SEQ 1D NO:1), for example, by
binding to a CXCR7 or a fragment thereof and preventing the polypeptides or ISVDs of the invention,
such as, for instance, comprising any one of SEQ ID NOs; 39-48, 78-89, 91, 99-102 or 132-140, from
binding to CXCR7 {SEQ ID NO: 1). In some embodiments, an agent binds CXCR7 with at least about
1.5, 2, 3,4, 5,10, 20, 50, 100, 300, 500, or 1000 times the affinity of tha agent for another protein. In
some embodiments, the fragment of CXCR7 comprising the epitopes described herein {(and
opticnally comprising further non-CXCR7 amino acids at the N and/or C termini) is no more than,
e.g., 300, 250, 200, 150, 100, 50, 40, 30, 20 or fewer amino acids. in some embodiments, the CXCR7

fragment is any fragment having less than all of the amino acids in the full length CXCR7 polypeptide.

In some embodiments, CXCR7 modulators are identified by screening for molecules that compete
with the polypeptide or ISVD of the invention from binding to a CXCR7 polypeptide, oy fragment
thereof. Those of skill in the art will recognize that there are a number of ways to perform
competition analyses, for instance, such as disclosed herein. In some embodiments, sampies with
CRCR7 are pre-incubated with a labeled polypeptides or ISVDs of the invention, such as, for instance,

comprising any one of SEQ ID NOs: 39-48, 78-89, 91, 99-102 or 132-140 and then contacted with a
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potential competitor molecule. Alteration (e.g., a decrease} of the quantity of polypeptide or ISVD

bound to CXCRY in the presence of a test compound indicates that the test compound is a potential

CACR7 modulator.

1.8 Kits for use in diagnostic and/or prognostic applications

For use in the diagnostic, research, and therapeutic applications suggested zbove, kits are also
nrovided by the invention. In the diagnostic and research applications such kits may include any or all
of the following: assay reagents, buffers, and the anti-CXCR7 polypeptides or ISVDs of the invention.
A therapeutic product may include sterile saline or another pharmaceutically acceptable emulsion

and suspension base.

In addition, the kits may include instructional materials containing directions {i.e., protocols} for the
practice of the methods of this invention. While the instructional materials typically comprise written
or printed materials they are not limited to such. Any medium capable of storing such instructions
and communicating them to an end user is contemplated by this invention, Such media include, but
are not limited to electronic storage media (e.g., magnetic discs, tapes, cartridges, chips), optical
media {e.q., CD ROM), and the like. Such media may include addresses to internet sites that provide

such instructional materiais.

The invention will now be further described by means of the following non-limiting preferred

aspects, figures and examples:

Preferred Non-limiting Aspecis:

Aspect A-1: An immunoglobulin single variable domain that is directed against and/or that can
specifically bind to CXCR7 and in particular human CXCR7 {SEQ ID NO: 1],

Aspect A-2: An immunoglobulin single variable domain according to aspect A-1, that is in
essentially isolated form.

Aspect A-3: An immunoglobulin single variable domain according to aspect A-1 or A-2, for
administration to a subject, wherein said immunoglobulin single variable domain
does not naturally occur in said subject.

Aspect A-4; An immunoglobulin single variable domain that can specifically bind te CXCR7 and in
particular human CXCR7 {SEQ, ID NO: 1} with a dissociation constant (Kp) of 107 to 107

2 moles/litre or less, and preferably 107 to 10 motles/litre or less and more
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Aspect A5

Aspect A-6:

Aspect A-7:

Aspect A-8:

Aspect A-9:

Aspect A-10:

preferably 10® to 10" moles/litre. Such an immunoglobulin single variable domain
may in particular be an immunoglobulin single variable domain according to any of
the preceding aspects.

An immunoglobulin single variable domain that can specifically bind to CXCR7 and in
particular human CXCR7 {SEQ ID NO: 1} with a rate of association {k-rate} of
between 10° M™s™ to about 10” M7s7, preferably between 10° M™s™ and 10" M7s7,
more preferably between 10° Ms™ and 10" M's™, such as between 10° M's™ and
107 M's™. Such an immunoglobulin single variable domain may in particular be an
immunoglobulin single variable domain according 1o any of the preceding aspects.

An immunoglobulin single variable domain that can specifically bind {o CXCR7 and in
particular human CXCR7 (SEQ.ID NO: 1) with a rate of dissociation (k« rate) between
1sband 10° 5™, preferably between 107 s and 10° 57, more preferably between 107
*sand 10° s, such as between 107 5™ and 107 5™ Such an immunoglobulin single
variable domain may in particular be an immunoglobulin single variable domain
according to any of the preceding aspects.

An immunoglobulin single variable domain that can specifically bind to CXCR7 and in
particular human CXCR7 {SEQ 1D NO: 1} with an affinjty less than 500 nM, preferably
less than 200 nM, more preferably less than 10 nM, such as less than 500 pM. Such
an immunoglobulin single variable domain may in particular be an immunoglobulin
single variable domain according to any of the preceding aspects.

An immunoglobulin single variable domain that can specifically displace SDF-1 and/or
I-TAC {CXCL11 and/or CXCL12) on CXCR7 and in particular on human CXCR7 (SEQ ID
NO: 1) with an average Ki of less than 500 nM, preferably less than 200 nM, more
preferably less than 10 nM, such as less than 1 nM and an average SDF-1 and/or -
TAC displacement of 50% or more, more preferably of 75% or more, even more
preferably of 80% or more. Such an average Ki and/or average displacement value
may be determined e.g. in an assay as described in Example 9 or 10.

An immunoglobulin single variable domain that can specifically displace 3DF-1 and/or
-TAC {CXCL11 and/or CXCL12) on CXCRY and in particular on human CXCR7 {SEQ 1D
MNC: 1} with an average Ki of less than 20 nM and an average SDF-1 and/or I-TAC
displacement of 70% or more. Such an average Ki and/or average displacement value
may be determined e.g. in an assay as described in Example 9 or 106,

An immunoglobulin single variable domain according to any of the preceding aspects,
that essentially consists of 4 framework regions (FR1 to FR4 respectively} and 3

complementarity determining regions {CDR1 to CDR3 respectively).
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Aspect A-11:

Aspect A-12:

Aspect A-13:

Aspect A-14:

Aspect A-15:

Aspect A-16:

Aspect A-17:

Aspect A-18:

Animmunoglobulin single variable domain according to any of the preceding aspscts,

that is an immunoglobulin sequence.

An immunoglobulin single variable domain according to any of the preceding aspects,

that is a naturally occurring immunoglobulin sequence {from any sultable species) or

a synthetic or semi-synthetic immunoglobulin sequence.

An immunoglobulin single variable domain according to any of the preceding aspects

that is a humanized immunoglobulin sequence, a camelized immunoglobulin

sequence of an immunoglobulin sequence that has been obiained by techniques

such as affinity maturation.

An immunoglobulin single variable domain according to any of the preceding aspects,

that essentially consists of a light chain variable domain sequence (e.g, a Vi-

sequence}; or of a heavy chain variable domain sequence (e.g., a VH-sequence),

An immunoglobiulin single variable domain according to any of the preceding aspects,

that essentiaily consists of a heavy chain variable domain sequence that is derived

from a conventional four-chain antibody or that essentially consist of a heavy chain

variable domain sequence that is derived from heavy chain antibody.

An immunoglobulin single variable domain according to any of the preceding aspects,

that essentially consists of a domain antibody {or an immunoglobulin single variable

domain that is suitable for use as a domain antibody), of a single domain antibody (or

an immunoglobulin single variable domain that is suitable for use as a single domain

antibody), of a "dAb" {or an immunoglobulin single variable domain that is suitable

for use as a dAb} or of a Nanobady {including but not limited to a VHH sequence).

An immunoglobulin single variable domain according to any of the preceding aspects,

that essentially consists of 2 Nanohody.

An immunoglobulin single variable domain according to any of the preceding aspects,

that essentially consists of a Nanobody that

i) has at least 80% amino acid identity with at least one of the immunoglobulin
single variable domains of SEQ 1D NOs: 1 to 22 of WO 2009/138519, in which
for the purposes of determining the degree of amino acid identity, the amino
acid residues that form the CDR sequences are disregarded;

and in which:

i} preferably one or more of the amino acid residues at positions 11, 37, 44, 45,
47, 83, 84, 103, 104 and 108 according to the Kabat numbering are chosen

from the Malimark residues mentioned in Table A-1.
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Aspect A-19:

Aspect A-20:

Aspect A-21;

Aspect A-22:

An immunogiobulin single variable domain according to any of the preceding aspects,

that essentially consists of an immunoglobulin single variable domain that

i} has at least 80% amino acld identity with at least one of the immunoglobulin
single variable domains of SEQ 10 NOs: 39 to 43, 91 or 99-102, in which for the
purposes of determining the degree of amino acid identity, the amino acid
residues that form the CDR seguences are disregarded;

and in which:

i} preferably one or more of the amino acid residues at positions 11, 37, 44, 45,
47, 83, 84, 103, 104 and 108 according to the Kabat numbering are chosen
from the Hallmark residues mentioned in Table A-1.

An immunoglobulin single variable domain according to any of the preceding aspects,

that essentially consists of a polypeptide that comprises of

i) a first immunoglobulin single variable domain that has at least 80% amine acid
identity with an immunoglobulin single variable domain selected from the
group of immunoglobulin single variable domain having SEQ D NOs: 39 to 43
91 or 99-102, in which for the purposes of determining the degree of amino
acid identity, the amino acid residues that form the CDR seqguences are
disregarded; and that comprises of

i} a second immunoglobulin single variable domain that has at least 80% amino
acid identity with the immunoglobulin single variable domain having SEQ 1D
NO: 2, in which for the purposes of determining the degree of amino acid
identity, the amino acid residues that form the CDR sequences are
disregarded; and, optionaily, comprises

iy alinker.

An immunoglobulin single variable domain according to any of the preceding aspects,

that essentially consists of a humanized or otherwise seguence optlimized

immunoglobulin single variable domain.

An immunoglobulin single variable domain according to any of the preceding aspects,

that, in addition to the at least one binding site for binding against CXCR7 and in

particutar human CXCR7 (SEQ 1D NO: 1}, contains one or more further binding sites

for binding against other antigens, proteins or targets.

CDR-based aspects

Aspect B-1:

An immunoglobulin single variable domain that is directed against and/or that can

specifically bind CXCR7 and in particular human CXCR7 (SEQ ID NO: 1}, and that
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Aspect B-2:

Aspect B-3:

30

comprises one or more (preferably one) stretches of amino acid residues chosen

from the group consisting of:

a) the immunoglobulin single variable domains of SEQ 1D NOs: 8 1o 13, 93 or 107-
110;

b} immunoglobulin single variable domains that have at least 80% amino acid
identity with at least one of the immunoglobulin single variable domains of
SEQ 1D NOs 9 to 13, 93 or 107-110;

c} immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with at least one of the immunoglobulin single variable domains of
SEQ 1D NOs: 910 13, 93 or 107-110;

d) the immunoglobulin single variable domains of SEQ 1D NOs: 19 to 23, 95, or
115-118;

e} immunoglobulin single variable domains that have at least 80% amino acid
identity with at least one of the immunogiobhulin single variable domains of
SEQ 1D NOs: 1910 23, 95, or 115-118;

fi immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with at least one of the immunoglobulin single variable domains of
SEQID NOs: 1910 23, 95, or 115-118;

g} the immunoglobulin singie variable domains of SEQ 1D NOs: 29 to 33, 97 or
123-1286;

hj immunoglobulin single variable domains that have at least 80% amino acid
identity with at least one of the immunoglobulin single variable domains of
SEQ 1D NOs: 29 to 33, 97 or 123-126;

i} immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with at least one of the immunoglobulin single variable domains of
SEQ D NOs: 29 to 33, 97 or 123-126;

or any suitable combination thereof.

such an immuncglobulin single variable domain may in particular be VHH or

sequence optimized VHH such as humanized, stabilized and/or solubilized VHH.

An immuncglobulin single variable domain according to aspect B-1, in which at least

one of said stretches of amino acid residues forms part of the antigen binding site for

binding against CXCR7 and in particular human CXCR7 (SEQ 1D NO: 1},

An immunoglobulin single variable domain sequence that is directed against and/or

that can specifically bind CXCR7 and in particular human CXCR7 (SEQUID NO: 1) and
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that comprises two or more stretches of amino acid residues chosen from the group

consisting of:

aj the immunoglobulin single variable domains of SEQ D NOGs: 9 ta 13, 93 or 107-
110:

b} immunoglobulin single variable domains that have at least 80% amino acid
identity with at least one of the immunoglobulin single variable domains of
SEQ 1D NOs: 910 13, 93 or 107-110;

c} immunogiobulin single variable domains that have 3, 2, or 1 amino acid
difference with at least one of the immunoglobulin single variable domains of
SEQ ID NOs: 8 to 13, 93 or 107-110;

dy  the immunoglobulin single variable domains of SEQ ID NOs: 19 to 23, 95, or
115-118;

2} immunoglobulin single variable domains that have at least 80% amino acid
identity with at least one of the immunoglobulin single variable domains of
SEG ID NOs: 19 to 23, 95, or 115-118;

f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with at least one of the immunoglobulin single variable domains of
SEQ D NOs: 19 to 23, 95, or 115-118;

g} the immunogiobulin single variable domains of SEQ ID NOs: 29 to 33, 97 or
123-126;

hj immunoglobulin single variable domains that have at least 80% amino acid
identity with at least one of the immunoglobulin single variable domains of
SEQ ID NOs: 28 to 33, 97 or 123-126;

i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with at least one of the immunogiobulin single variable domains of
SEQ iD NOs: 29 to 33, 97 or 123-126;

such that (i) when the first stretch of amino acid residues corresponds to one of the

immunoglobulin single variable domains according to a), b) or ¢), the second stretch

of amino acid residues corresponds to one of the immunoglobulin single variable

domains according to d}, e}, f, g}, hl or i); {ii} when the first stretch of amino acid

residues corresponds to one of the immunoglobulin single variable domains

according to d}, e} or ), the second stretch of amino acid residues corresponds to

one of the immunoglobulin single variable domains according to a), b), ¢}, g), h} or i};

or (ili} when the first stretch of amino acid residues corresponds to one of the

immunoglobulin single variable domains according to g}, h) or 1), the second stretch
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Aspect B-4:

Aspect B-5;

of amino acid residues corresponds to one of the immunoglobulin single variable

domains according to a), b}, ¢}, d}, €} or ).

Such an Immunoglobulin single variable domain may in particular be VHH or

sequence optimized VHH such as humanized, stabilized and/or solubilized VHH.

An immunogliobulin single variable domain according to aspect B-3, in which the at

least two stretches of amino acid residues forms part of the antigen binding site for

binding against CXCR7 and in particular human CXCR7 (SEQ 1D NO: 1).

An immunoglobulin single variable domain sequence that is directed against and/or

that can specifically bind CXCR7 and in particular human CXCR7 (SEQ 1D NO: 1) and

that comprises three or more stretches of amino acid residues, in which the first
stretch of amino acid residues is chosen from the group consisting of:

a) the immunoglobulin single variable domains of SEQ 1D NOs: 9 to 13, 93 or 107-
11G;

b) immunoglobulin single variable domains that have at least 80% amino acid
identity with at least one of the immunoglobulin single variable domains of
SEQ ID NOs: Sto 13, 53 or 107-118;

c} immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with at least one of the immunoglobulin single variable domains of
SEQID NOs: 9t0 13, 93 or 107-110;

the second stretch of amino acid residues is chosen from the group consisting of:

d) the immunoglobulin single variable domain of SEQ ID NOs: 19 to 23, 95, or
115-118;

e) immunoglobulin single variable domains that have at least 80% amino acid
identity with at least one of the immunoglobulin single variable domains of
SEQUID NOs: 1910 23, 95, or 115-118;

f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with at least one of the immunoglobulin single variable domains of
SEQID NOs: 1910 23, 95, or 115-118;

and the third stretch of amino acid residues is chosen from the group consisting of:

g) the immunoglohulin single variable domaing of SEQ 1D MOs: 29 to 33, 97 or
123-126;

h) immunoglobulin single variable domains that have at least 80% amino acid
identity with at least one of the immunoglobulin single variable domains of

SEQ D NOs: 29 to 33, 97 or 123-126;
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Aspect B-G:

Aspect B-7:

Aspect C-1:

Aspect C-2:

i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with at least one of the immunoglobulin single variable domains of
SEQ 1D NOs: 2910 33, 97 ar 123-126.

Such an immunoglobulin single variable domain may in particular be VHH or

sequence optimized VHH such as humanized, stabilized and/or solubilized VHH.

An immunoglobulin single variable domain according to aspect B-5, in which the at

least three stretches of amino acid residues forms part of the antigen binding site for

binding against CXCRY and in particular human CXCR7 {SEQ 1D NO: 1)

An immunoglobulin single variable domain that is directed against and/or that can

specifically bind CXCR7 and in particular human CXCR7 (SEG 1D NG: 1) in which the

CDR sequences of said immunoglobulin single variable domain have at least 70%

amino acid identity, preferably at least 80% amino acid identity, more preferably at

feast 90% amino acid identity, such as 85% amino acid identity or more or even

essentially 100% amino acid identity with the CDR sequences of at least one of the

immunoglabulin single variable domains of SEG 1D NOs: 39 to 43, 91 or 88-102,

The CDOR sequences are preferentially determined via Kabat as defined herein.

Such an immunoglobulin single variable domain may in particular be VHH or

sequence optimized VHH such as humanized, stabilized and/ov solubilized VHH.

An immunoglobulin single variable domain or polypeptide that is directed against
CXCR7 and in particular human CXCR7 (SEQ 1D NO: 1} and that cross-blocks the
binding of at least one of the immunoglobulin single variable domains of SEQ 1D NOs:
39 t0 43, 91 or 99-102, or polypeptides of SEQ 1D NOs: 44 to 48, 78-89 or 131-140 to
CXCR7 and in particular human CXCR7 (SEQ ID NO: 1). Such an immunoglobulin single
variable domain may in particular be an immunocglobulin single variable domain
according to any of the aspects A-1 to A-22 and/or according to aspects B-1 to B-7.
Also, preferably, such an immunoglobulin single variable domain is able to specifically
bind to CXCR7 and in particular human CXCR7 {SEQ 1D NO: 1)

An immuneglobulin single variable domain or polypeptide, such as an antibody or
fragment thereof, that is directed against CXCR7 and in particular human CXCR7 (SEQ,
I NO: 1) and that is cross-blocked from binding to CXCR7 and in particular human
CXCR7 (SEQ 1D NO: 1) by at least one of the immunoglobulin single variable domains
of SEQID NOs: 39 to 43, 91 or 99-102, or polypeptides of SEQ ID NOs: 44 to 48, 78-89
or 131-140. Such an immunoglobulin single variable domain may in particular be an

immunoglobulin single variable domain according to any of the aspects A-1 to A-22
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Aspect C-3:

Aspect C-4:

Aspect D-1.

Aspect D-2:

Aspect D-3:

Aspect D-4.

Aspect D-5:

Aspect D-6:

and/or according to aspects B-1 to B-7. Alsg, preferably, such an immunoglobulin
single variable domain is able to specifically bind to C{CR7 and in particular human
CXCR7 (SEG D NG: 1)

An immunoglobulin single variable domain or polypeptide according to any of
aspects C-1 or C-2, wherein the ability of said immunoglobulin single variable domain
to cross-block or to be cross-blocked is detected in a displacement assay {e.g.. as
described in Examples 9 and/or 10 below).

An immunoglobulin single variable domain or polypeptide according to any of
aspects C-1 to -3 wherein the ability of said Immunoglobuiin single variable domain

to cross-block or to be cross-blocked is detected in an ELISA assay.

An immunoglobulin single variable domain according to any of aspects B-1 to B-7 or
C-11to C-7, that is in essentially isolated form.

An immunoglobulin single variable domain according to any of aspects 8-1 to B-7, C-1
to C-7, and/or D1 for administration to a subject, wherein said immunoglobulin single
variable domain does not naturally occur in said subject.

An immunoglobulin single variable domain according to any of aspects B-1 1o B-7, C-1
1o C-7, and/or B1 to D-2 that can specifically bind to CXCR7 and in particular human
CXCR7 (SEQ ID NO: 1) with a dissociation constant {Kp) of 107 to 10™ moles/litre or
less, and preferably 107 to 107 moles/litre or less and more preferably 10™ to 107
moles/litre.

An immunoglobulin single variable domain according to any of aspects B-1 {0 8-7, C-1
1o C-7, and/or D-1 to D-3 that can specifically bind to CXCR7 and in particular human
CXCR7 {SEQ 1D NO: 1) with a rate of association (k,-rate) of between 10° M7 to
about 10" M's?, preferably between 10° M7s™ and 10’ M, more preferably
between 10° M™s™ and 10° Ms™, such as between 10° M s and 10” M ™

An immungglobulin single variable domain according to any of aspects B-1 to B-7, C-1
1o C-7, and/or D-1 to D-4 that can specifically bind to CXCR7 and in particular human
CXCR7 (SEQL 1D NO: 1) with a rate of dissociation {k.y rate) between 1 s and 107 s
preferably between 107 57 and 10° s, more preferably between 107 s and 10% 57,
such as between 10* s and 10% 5™

An immunoglobulin single variable domain according to any of aspects B-1 to 8-7, C-
1 to C-7, and/or D-1 to D-5 that can specifically bind to CXCR7 and in particular
human CXCR7 (SEQUID NO: 1) with an affinity less than 500 nM, preferably less than

200 nM, more preferably less than 10 nM, such as less than 500 pM.
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Aspect E-1:

Aspect £-2:

Aspect E-3:

Aspect E-4:

Aspert E-5:

Aspect E-6:

Aspect E-7:

Aspect E-8:
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The immunoglobulin single variable domains according to aspects D-1 to D-6 may in
particular be an immunoglobulin single variable domain according to any of the

aspects A-1 to A-22,

An immunoglobulin single variable domain according to any of aspecis B-1to 8-7, C-1
to C-7 and/or D1 to D-6, that is a naturally occurring immunoglobulin single variable
domain {from any suitable species) or a synthetic or semi-synthetic immunoglobulin
single variable domain.

An immunogiobulin single variable domain according to any of aspects B-1 to B-7, C-1
to C-7, D1 to D-6, and/or E-1 that is sequence optimized

An immunoglobulin single variable domain according to any of aspects B-1 to B-7, C-1
to C-7, D1 to D-6, and/or D-1 or D-2 that is stabilized.

An immunoglobulin single variable domain according to any of aspects B-1 to B-7, C-1
to C-7, D1 to D-6, andfor E-1 to E-3, that is a naturally occurring immunoglobulin
sequence (from anv suitable species) or a synthetic or semi-synthetic
immunoglobulin seqguence.

An immunogiobulin single variable domain according to any of aspects B-1to B-7, C-1
to C-7, D1 to D-6, and/or E-1 to £-4 that is a humanized immunoglobulin sequence, a
camelized immunoglobulin sequence or an immunoglobulin sequence that has been
obtained by techniques such as affinity maturation.

An immunoglobulin single variable domain according to any of aspects B-1to B-7, C-1
to C-7, D1 to D-6, and/or E-1 to £-5 that essentially consists of a light chain variable
domain sequence {e.g, a V,-sequence}; or of a heavy chain variable domain
segquence (e.g., a Vy-sequence).

An immunoglobulin single variable domain according to any of aspects B-1 to B-7, C-1
to C-7, D1 to D-6, and/or E-1 to E-6, that essentially consists of a heavy chain variable
domain sequence that is derived from a conventional four-chain antibody or that
essentially consist of a heavy chain variable domain seguence that is derived from
heavy chain antibody.

An immunoglobulin single variable domain according to any of aspects B-1 {0 8-7, C-1
ta C-7, B1 to D-6, and/or E-1 to E-7, that essentially consists of a domain antibody {or
an immunogiobulin single variable domain that is suitable for use as a domain
antibody), of a single domain antibody {(or an immunogiobulin single variable domain

that is suitabie for use as a single domain antibody), of a "dAb" {or an
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Aspect E-9:

Aspect E-10:

Aspect E-11:

Aspect E-12:

Aspect £-13:
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immunoglobulin single variable domain that is suitable for use as a dAb) or of a

Nanobody {including but not limited to a V. sequence).

An immunoglobulin single variable domain according to any of aspects B-1to B-7, C-3

to C-7, D1 to D-6, and/or E-1 to E-8 that essentially consists of a Nanobody.

Animmunoglobulin single variable domain according to any of aspects B-1to B-7, C-1

to C-7, D1 to D-6, andfor E-1 to E-S that essentially consists of a immunoglobuiin

single vartable domain that

i has at least 80% amino acid identity with at least one of the immunoglobulin
single variable domains described herein, in which for the purposes of
determining the degree of amino acid identity, the amino acid residues that
form the CDR sequences are disregarded;

and in which:

i) preferably one or more of the amino acid rasidues at positions 11, 37, 44, 45,
47, 83, 84, 103, 104 and 108 according to the Kabat numbering are chosen
from the Hallmark residues mentioned in Table B-2,

An immunoglobulin single variable domain according to any of aspects B-1 to B-7, C-1

to C-7, D1 to D-6, and/or E-1 to E-10, that essentially consists of an immunoglobulin

single variable domain that

i) has at least 80% amino acid identity with at least one of the An
immunoglobulin single variable domains of SEQ 1D NOs: 38 to 43, 91 or 99-102,
in which for the purposes of determining the degree of amino acid identity, the
amino acid residues that form the CDR sequences are disregarded;

and in which:

i) preferably one or more of the amino acid residues at positions 11, 37, 44, 45,
47, 83, 84, 103, 104 and 108 accarding to the Kabat numbering are chosen
from the Hallmark residues mentioned in Table B-2.

An immunoglobulin single variable domain according to any of aspects B-1 to B-7, C-1

to -7, D1 to D-6, andfor E-1 to E-11 that essentially consists of a humanized

immunoglobulin single variable domain.

An immunoglobulin single variable domain according to any of the aspects B-1 1o B-7,

C-1 to C-7, D1 to D-6, andfor E-1 to E-11, that in addition o the at least one binding

site for binding formed by the CDR sequences, contains one or more further binding

sites for binding against other antigens, proteins or targets.
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Polypeptides
Aspect K-1:

Aspect K-2:

Aspect K-3:

Aspect K-4:

Aspect K-5:

Aspect K-6:

Aspect K-7:

Aspect K-8:

The immunoglobulin single variable domains according to aspects E-1 o E-13 may in
particular be an immunoglobulin single variable domain according to any of the

aspects A-1 to A-22.

Polypeptide that comprises of one or more immunoglobulin single variable domains
according to any of aspects A-1 to A-22, B-1 ta B-7, C-1 to C-4, D-1 to D-6, and/or £-1
to E-13, and optionally further comprises one or more peptidic linkers,

Polypeptide according to aspect K-1, which additionally comprises one or more
{preferably one} immunoglobulin single variable domain directed against serum
atbumin,.

Polypeptide according to any of aspects K-1 or K-2, in which said immunoglobutin
single variable domain directed against serum atbumin is directed against human
serum albumin.

Polypeptide according to any of aspects K-1 1o K-3, in which said one or more
immurnogiocbulin single variable domain directed against serum albumin is an
immunoglobulin single variable domain with SEQ ID NG: 2.

Polypeptide that comprises of one or more immunoglobulin single variable domains
according to any of aspects A-1 to A-22, B-1 to B-7, C-1 to C-4, D-1 to D-6, and/or E-1
to E-13, one or more cytotoxic payloads, and optionally further comprises ong or
more peptidic linkers.

Polypeptide that comprises or essentially consists of one or more immunoglobulin
single variable domains according to any of aspects A-1 to A-22, B-1 to B-7, C-1 to C-
4, D-1 to B-6, and/or E-1 to E-13, one or more {and preferably one) immunoglobulin
single variable domains {preferably Nanobody) directed against CXCR4 and optionally
further comprises one or more peptidic linkers.

Polypeptide that comprises or essentially consists of at least one {preferably one)
immunoglobulin single variable domain (preferably Nanobody) directed against
(human) CXCR7 and at least one (cytojtoxic group, moiety or payload (optionally
linked chemically or via one or more suitable linkers or spacers).

Polypeptide that comprises or essentially consists of at least one {preferably one)
immunoglobulin single variable domain {preferably Nanobody) directed against
{human) CXCR7Y, at least one (preferably one) immunoglobulin single variable domain

{preferably Nanobody) directed against (human) CXCR4 and at least one (cytoltoxic
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Aspect K-9:

Aspect K-10:

Aspect K-11:

Aspect K-12:

Aspect K-13:

Aspect K-14:

group, moiety or payload {optionally linked chemically or via one or more suitable
linkers or spacers).

Polypeptide that comprises or essentially consists of at least one {preferably ane}
immunoglobulin single variable domain {preferably Nanobody) directed against
{human) CXCR7 and at least one {preferably one) immunoglobulin single variable
domain {preferably Nanobody) directed against (human} O{CR4 (optionally linked
chemically or via one or more suitable linkers or spacers),

Polypeptide that comprises or essentially consists of at least one (preferably one)
immunoglobulin single variable domain (preferably Nanobody) directed against
{human} CXCR7, at least one (preferably one} immunoglobulin single variable domain
{preferably Nanobody} directed against [human) CXCR4, and a peptide or
immunoglobulin single variable domain {preferably Nanobody) directed against
{human) serum atbumin {optionaily linked chemically or via one or more suitable
linkers or spacers).

Polypeptide that comprises or essentially consists of two immunoglobulin single
variable domains (preferably Nancbody) directed against (human) CXCR7, which are
the same {optionally linked chemically or via one or more suitable linkers or spacers).
Polypeptide that comprises or essentially consists of two immunoglobulin single
variable domains {preferably Nanobody) directed against (human) CXCR7, which are
different from each other {optionally linked chemically or via one or more suitable
linkers or spacers).

Palypeptide that comprises or essentially consists of two immunoglobulin single
variable domains {preferably Nanobody} directed against (human) CXCR7, which are
the same, and a peptide or immunoglobulin single variable domain {preferably
Nanobody) directed against {human) serum albumin {optionally linked chemically or
via one or more suitable linkers or spacers).

Polypeptide that comprises or essentially consists of two immunoglobulin single
variable domains {preferably Nanobody) directed against (human} CXCR7, which are
different from each other, and a peptide or immunoglobulin single variable domain
{preferably Nanobody} directed against {human} serum albumin {optionally linked

chemically or via one or more suitable linkers or spacers).
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Nucleic acids

Aspect M-1:

Aspect M-2:

Host cells

Aspect N-1:

Compositions

Aspect O-1:

Aspect O0-2:
Aspect G-3:

Nucleic acld or nuclectide sequence, that encodes an immunoglobulin single variable
domain according to any of aspects A-1 10 A-22, B-1 to B-7, C-1 to -4, D-1 10 D-6, E-1
to E-13, a polypeptide according to any of aspects K-1 to K-4.

Nucleic acid or nucleotide sequence with SEQ 1D NOs; 59-63, 73-77 or 99 (Table B-8).

Host or host cell that expresses, or that under suitable circumstances is capable of
expressing, an immunogiobulin single variable domain according to any of aspecis A-
11io A-22, B-1 to B-7, C-1 1o C-4, D-1 1o D-6, E-1 to E-13, a polypeptide according to
any of aspects K-1 to K-4; and/or that comprises a nucleic acid or nucleotide

sequence according to aspect M-1 or M-2.

Composition comprising at least one immunoglobulin single variable domain
according to any of aspects A-1to A-22, B-110 B-7,C-1to C-4, D-1 ta -6, E-1 to E-13,
or at least one polypeptide according 1o any of aspects K-1 to K-4, or nucleic acid or
nuclectide sequence according to aspects M-1 or M-2.

Composition according to aspect O-1, which is a pharmaceutical composition,
Composition according to aspect -2, which is & pharmaceutical composition, that
further comprises at least one pharmaceutically acceptable carrier, diluent or
excipient and/or adjuvant, and that optionally comprises one or more further

pharmaceutically active polypeptides and/or compounds.

Making of an agent and composition of the invention

Aspect P-1:

Method for producing an immunoglobulin single variable domain according to any of

aspects A-1 to A-22, B-1 te B-7, C-1 to G4, D-1 to D-6, E-1 1o E-13, a polypeptide

according to any of aspects K-1 to K-4, said method at least comprising the steps of;

a) expressing, in a suitable host cell or host organism or in another suitable
expression system, a nucleic acid or nuclectide sequence according to aspect
M-1, or aspect M-2;

optionally followad by:

b} isolating and/or purifying the immunoglobulin single variable domain
according to any of aspects A-1 10 A-22, 8-1 to B-7, C-1 to C4, D-1 to D-6, E-1

to £-13, a polypeptide according to any of aspects K-1 to K-4.
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Aspect P-2:

Method of screening

Aspect GQ-1:
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Method for producing an immunoglobulin single variable domain according to any of

aspects A-1 to A-22, B-1 to B-7, C-1 to C-4, D-1 to D-6, E-1 to E-13, 3 polypeptide

according to any of aspects K-1 to K-4, said method at least comprising the steps of:

a)

cultivating and/or maintaining a host or host cell according to aspect N-1 under
conditions that are such that said host or host cell expresses and/or produces
at least one immunoglobulin single variable domain according to any of
aspects A-1 to A-22, B-1 to B-7, -1 to C-4, D-1 1o D-6, E-1 to E-13, a

polypeptide according to any of aspects K-1 to K-4;

optionally followed by:

b}

isolating and/or purifying the immunoglobulin single varigble domain
according to any of aspects A-1 1o A-22, B-1 to B-7, C-1 to C-4, D1 to D-6, E-1

to £-13, a polypeptide according to any of aspects K-1 1o K-4,

Method for screening immunoglobulin single variable domains directed against

CXCR7 and in particular human CXCR7 (SEQ ID NO: 1) that comprises at least the

steps of:

a)

providing a set, collection or library of nucleic acid sequences encoding
immunoglobulin single variable domains;

screening said set, collection or library of nucleic acid sequences for nucleic
acid sequences that encode an immunoglobulin single variable domain that
can bind to and/or has affinity for CXCR7 and in particular human CXCR7 (SEQ
ID NO: 1} and that is cross-blocked or is cross blocking a Nanobody of the
invention, e.g., SEQ 1D NO: 39 to 43, 91 or 99-102 (Table-B-3), or a polypeptide
or construct of the invention, e.g., SEG 1D NO: 44 1o 48, 78-8% or 131-140 (see
Table B-4); and

isolating said nucleic acid seguence, followed by expressing said

immunoglobulin single variable domain.

tise of agents of the invention

Aspect B-1.

Method for the prevention and/or treatment of cancer and of inflammatory diseases

{such as e.g., mentioned herein), said method comprising administering, to a subject

in need thereof, a pharmaceutically active amount of at least one irmmunoglobulin

single variable domain according to any of aspects A-1 1o A-22, B-1 10 B-7, C-1to C-4,
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Aspect B-2:

Aspect R-3:

Aspect R-4:

Aspect R-5:

Aspect R-6:
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D-1 to D-6, E-1 to E-13, a polypeptide according to any of aspects K-1 to K-4; or
composition according to aspect 0-2 or 0-3.

Methaod for the prevention and/or treatment of af least one disease or disorder that
is associated with CXCR7 and in particular human CXCR7 (SEQ ID NO: 1), with its
biological or pharmacological activity, and/or with the biological pathways or
signalling in which CXCR7 and in particular human CXCR7 {SEQ 1D NO: 1) is involved,
said method comgrising administering, Yo a subject in need thersof, a
pharmaceutically active amount of at least one immunoglobulin single variable
domain according to any of aspects A-1 to A-22, B-1 to B-7, C-1to C-4, D-1 {0 D-6, E-1
to E-13, a polypeptide according to any of aspects K-1 to K-4; or composition
atcording to aspect 0-2 or 0-3.

Method for the prevention and/or treatment of at least one disease or disorder that
can be prevented and/or treated by administering, to a subject in need thereof, at
least one immunoglobulin single variable domain according to any of aspects A-1 to
A-22, B-1to B-7, C-1to C-4, D-1 to D-6, E-1 to E-13, a polypeptide according to any of
aspects K-1 to K-4; or composition according to aspect 0-2 or -3, said method
comprising administering, to a subject in need thereof, a pharmaceutically active
amount of at least one at least one immunogiobulin single variable domain
according to any of aspecdts A-1 to A-22, B-1to B-7, C-1to C-4, D-1 10 D-6, E-2 t0 E-13,
a polypeptide according to any of aspects K-1 to K-4; or compesition according fo
aspect O-2 or G-3.

Method for immunotherapy, said method comprising administering, to a subject in
need thereof, a pharmaceutically active amount of at least one Immunoglobulin
single variable domain according to any of aspecis A-1to A-22, 8-1 1o 8-7, C-1 10 C4,
D1 to D=6, E-1 to £-13, & polypeptide according to any of aspects K-1 to K-4; or
composition according to aspect O-2 or 0-3,

An immunoglobulin single variable domain according to any of aspects A-1 to A-22, B-
110 B-7, C-1to C-4, D-1 to D-6, E-1 10 E-13, a polypeptide according to any of aspects
K-1 to K-4, a pharmaceutical composition according to aspect 0-2 or 0-3 for use in
one or more of the methods according to aspects R-1 to R-3.

A polypeptide according 1o any of aspects K-1 to K-4, for the diagnosis, prevention

and/or treatment of cancer.
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Further aspects:

1.

10.

it

A construct comprising at least one immunoglobulin single variable domain (15VD) that binds
to and/or recognizes amino acid residue M33, and optionally amino acid residue V32 and/or
amino acid residue M37 in CXCR7 (SEQ ID NO: 1) and at least one 15VD that binds to and/or
recoghizes aming acid residue WF19, and optionally S23 and/or D25 of CXCR7 (SEQID NO: 1),

The construct according to aspect 1 for use as a medicament to reduce tumour growth and/or

o treat cancer, preferably head and neck cancer or GBM,

An immunoglobulin single variable domain that can specifically displace $DF-1 and I-TAC on
human CXCR7 [SEQHID NO: 1) with an average Ki of less than 100 nM and an average SDF-1 and

-TAC displacement of 50% or more,

An immunoglobulin single variable domain that can specifically displace SDF-1 on human
CXCR7 (SEQ 1D NO: 1) with an average Ki of less than 100 nM and an average SDF-1

displacement of 50% or more.

An immunoglobulin single variable domain that can specifically displace I-TAC on human CXCR7
{SECH 1D NO: 1) with an average Ki of less than 100 nM and an average |-TAC displacement of

50% or more.

The immunoglobulin single variable domain of any of aspects 3-5, wherein the average Kiis 50

nM or less.

The immunoglobulin single variable domain of any of aspects 3-5, wherein the average Kiis 10

nM or less.

The immunoglobulin single variable domain of any of aspects 3-7, wherein the average SDF-1

or FTAC displacement is 80% or more,

An immunoglobulin single variable domain that can bind human CXCR7 {SEQ D NO: 1) with a
Kd of less than 50nM.

An immunoglobulin single variable domain that binds to and/or recognizes amino acid residue
M33, and optionally amino acid residue V32 and/or amino acid residue M37 in CXCR7 (SEQ 1D
NO: 1L

An immunoglobulin single variable domain that binds to and/or recognizes amino acid residue

WF19, and optionally $23 and/or D25 of CXCR7 {SEQ ID NG: 1).
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The immunoglobulin single variable domain according to aspect 10 or 11 for use as a
medicament to reduce tumour growth and/or to treat cancer, preferably head and neck cancer

or GBM.

The immunoglobulin single variable domain of any of aspects 3-12, wherein the
immunoglobulin single variable domain comprises an amino acid sequence with the formula 1

FR1 - CDR1-FR2 - CDR2 - FR3 - CDR3 - FR4 (1};

wherein FR1 to FR4 refer {o framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain; and
wherein CDR1 is chasen from the group consisting of:
a) the immunoglobulin single variable domain of SEG 1D NO: 9,
b}  immunoglohulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQID NG 9,
) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ 1D NO: 8,
and wherein CDR2 is chosen from the group consisting of:
d} the immunoglobulin single variable domain of SEQ 1D NO: 19;
e} immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQID NO: 19;
f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ 1D NO: 19;
and wherein COR3 is chosen from the group consisting of;
g} the immunoglohulin single variable domain of SEQ 1D NO: 29;
h) immunoglobulin single variable domains that have at least 30% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 29;
i} immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 29,

The immunoglobulin single variable domain of any of aspects 3-12, wherein the

immunoglobulin single variable domain comprises an aming acid sequence with the formula 1
FR1-CDR1-FRZ - CDR2 - FR3 - CDR3 - FR4 (1};

wherein FRL tg FR4 refer to framework regions 1 to 4 and are framework regions of an

immunogiobulin single variable domain; and

wherein CDR1 is chosen from the group consisting of:

a) the immunoglobulin single variable domain of SEQ 1D NO: 10,
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b} immunoglabulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 10,
¢} immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ 1D NO: 10,
5 and wherein COR2 is chosen from the group consisting of:
d) the immunogiobulin single variable domain of SEQ ID NO: 20;
e) immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NC; 20,
f} immunogiobulin single variable domains that have 3, 2, or 1 amino acid
i0 difference with the immunoglobulin single variable domain of SEQ D NO: 20;
and wherein CDR3 is chosen from the group consisting of:
£ the immunoglobulin single variable domain of SEQLID NO: 30;
h) immunoglobulin single varizble domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 30;
15 i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of 5EQ 1D NG 30.

15, The immunoglobulin single variable domain of any of aspects 3-12, wherein the
immunogiobulin single variable domain comprises ap amine acid sequence with the formula 1
FR1-CDR1-FR2-CDR2 -FR3 - CDR3 - FR4 (1);
20 wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regiens of an
immunoglobulin single variable domain; and
wherein CDR1 is chosen from the group consisting of;
a}l  the immunoglobulin single variable domain of SEQ ID NO: 11,
b) immunoglobulin single variable domains that have at least 80% amino acid
25 identity with the immunoglobulin single variable domain of SEQ 1D NO: 11,
cl immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunogiobulin single variable domain of SEQID NO: 11,
and wherein CORZ is chosen from the group consisting of:
d) the immunoglobulin single variable domain of SEQ 1D NO: 21;
30 e} immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 21;
f} immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ D NO: 21;

and wherein CDR3 is chosen from the group consisting of:
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£) the immunoglobulin single variable domain of SEQ 1D NO: 3%;

h} immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQID NO: 31;

i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 31.

16. The immunoglobulin single variable domain of any of aspects 3-12, wherein the
immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1 - CDR1-FR2 - CDR2 - FR3 - CDR3 - FR4 {1}
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain; and
wherein CDR1 is chosen from the group consisting of:
al the immunoglobulin single variable domain of SEQ 1D NGO: 12,
b} immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable dormain of SEQ 1D NO: 12,
) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunog!obulin single variable domain of SEQ ID NO: 12,
and wherein CDR2 is chosen from the group consisting of:
d} the immunoglobulin single variable domain of SEQ 1D NO: 22;
e) immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NQ: 22;
f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin singie variable domain of SEQ 1D NQ: 22;
and wherein COR3 is chosen from the group consisting of:
gl the immunoglobulin single variable domain of SEQ 1D NQO: 32;
hy  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 32;
i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 32,

17.  The immunoglobulin single variable domain of any of aspects 3-12, wherein the
immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1 - CDR1 - FR2 - CDR2 - FR3 - CDR3 - FR4 {1};
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain; and

wherein CDR1 is chosen from the group consisting of:
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the immunoglobulin single variable domain of SEQ ID NO: 13,

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 13,
immunogicbulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ ID NO: 13,

and wherein CDR2 is chosen from the group consisting of:

d)

e}

the immunoglobulin single variable domain of SEQ 1D NO: 23;

immunogiobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NG: 23;
immunogiobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 23;

and wherein CDR3 is chosen from the group consisting of:

the immunoglobulin single variable domain of SEQ ID MNO: 33;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO; 33;
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 33.

The immunoglobuiin single varizble domain of any of aspects 3-12, wherein the

immunoglobulin single variable domain comprises an amino acid sequence with the formula 1

FR1-CDR1-FRZ - CDRZ - FR3 - CDR3 - FR4 {1);

wherein FR1 to FR4 refer to framework regions 1 1o 4 and are framework regions of an

immunoglobulin single variable domain; and wherein CDR1 is chosen from the group

consisting of:
a)

b}

the immunoglobulin single variable domain of SEQ 1D NO: 93,

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 93,
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 93;

and wherein CDR2 is chosen from the group consisting of:

the immunoglobulin single variable domain of SEQ 1D NO: 85;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin singie variable domain of SEQ ID NO: 95;
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 95;
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and wherein CDR3 is chosen from the group consisting of:

g)
h)

the immunoglobulin single variable domain of SEQ 1D NO: 97;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 97;
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO; 87.

19.  The immunoglobulin single wvariable domain of any of aspects 3-12, wherein the

immunoglobulin single variable domain comprises an amine acid sequence with the formula 1

FR1 - CDR1 -FRZ -CDR2 - FR3 - CDR3-FR4 {1);

wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an

immunoglobulin single variable domain; and

wherein CDR1 is chosen from the group consisting of:

a)
b)

the immunoglobualin single variable domain of SEQ 1D NO: 107,

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 107,
immunoglohulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 107,

and wherein CDR2 is chosen from the group consisting of:

d)

)

the immunoglobulin single variable domain of SEQ ID NO: 115;
immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SLQ 1D NG: 115;

immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of $EQ D NO: 115;

and wherein CDR3 is chosen from the group consisting of:

g
h)

the immunogliobulin single variable domain of SEQ 1D NO: 123;
immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 123;
immunogicbulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 123,

20, The immunoglobulin single variable domain of any of aspects 3-12, wherein the

immunoglobulin single variable domain comprises an amino acid sequence with the formuia 1

FRI - CDR1 - FRZ - CDRZ - FR3 - CDR3 - FR4 (1};
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wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain; and
wherein CDR1 is chosen from the group consisting of:

a}l the immunoglobulin single variable domain of SEQ 1D NG: 108,
5 b}  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO; 108,
¢} immunoglobulin single variable domains that have 3, 2, or 1 aminc acid
difference with the immunoglobulin single variable domain of SEQ 1D NO: 108,

and wherein CDR2 is chosen from the group consisting of:

10 dy  the immunogiobulin single variable domain of SEQ ID NO: 116;
a) immunogiobulin single variable domains that have at least 80% amine acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 116;
f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ 1D NQ: 116;
15 and wherein CDR3 is chosen from the group consisting of:
) the immunoglobulin single variable domain of SEQ 1D NO: 124;
h} immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ D NO: 124;
i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
20 difference with the immunoglobulin single variable domain of SEQID NO: 124,
21, The Iimmunoglobulin single varizble domain of any of aspects 3-12, wherein the
immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1-CDR1-FR2-CDR2-FR3-CDR3 - FR4 {1};
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
25 immunoglobulin single variable domain; and
wherein COR1 is chosen from the group consisting of:
2}  the immunoglobulin single variable domain of SEQ D NO: 110,
b} immunogiobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 110,
30 ¢} immunoglobulin single variable domains that have 3, 2, or 1 amine acid

difference with the immunogiobulin single variable domain of SEQ ID NO: 110,
and wherein CDR2 is chosen from the group consisting of:

d}  the immunoglobulin single variable domain of SEQ 1D NO: 118;
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e} immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ 1D NO: 118;

f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ ID NO; 118;

and wherein CDR3 is chosen from the group consisting of:

g) the immunoglobulin single variable domain of SEQ 1D NO: 126;

)y immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 126;

i} immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ 1D NO: 126,

The immunoglobhulin single variable domain according to any of aspects 1-21, wherein the
framework regions (FRs) have a sequence identity of more than 80% with the FRs of SEQ ID
NOs: 4 to §, 92, 103, 104 or 106 (FR1}, 14 to 18, 94, 111, 112 or 114 {FR2), 24 1o 28, 96, 119,
120 or 122 {FR3), and/or 34 to 38, 98, 127, 128 or 130 {FR4).

A polypeptide comprising an immunoglobulin single variable domain of any of aspects 3-22.

The polypeptide according to aspect 23, wherein the immunoglobutin single variable domain is
selected from the group consisting of immunogicbulin single variable domains that have an
amino acid seguence with a sequence identity of more than 80% with the immunogiobulin

single variable domains of SEQ 1D NOs: 39 t0 43, 93 or 99-102.

The polypeptide according to any of aspects 23-24 and additionally comprising at least one
human serum albumin binding immunoglobulin single variable domain and optionally

comprising a linker selected from the group of linkers with SEQ 1D NOs: 49 to 58

The polypeptide accerding to any of aspects 23 - 25 and additionally comprising ALB8 (SEQ ID
NO: 2}, and optionally comprising a linker selected from the group of linkers with SEQ 1D NOs:
49 1o 58.

The polypeptides according to any of aspects 23 - 26, wherein the polypeptide is selected from
the group consisting of polypeptides that have an amino acid seguence with a sequence
identity of more than 0% with the polypeptides of SEQ 1D NOs: 44 to 48, 78 to 89 and 131 to
140,

A construct chosen from the group consisting of:
- constructs comprising at feast two ISVDs that bind to and/or recognize amino acid
residue WF19, and optionally 523 and/or D25 of CICR7 (SEQ 1D NG: 1}, wherein said at

least two 1SVDs can be the same or different;
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- constructs comprising at least two [SVDs that bind to and/or recognize amino acid
residue M33, and optionally amino acid residue V32 and/for amino acid residue M37 in
CKCR7 (SEQ ID NO: 1}, wherein said at least two 1SVDs can be the same or different;

- constructs comprising at least one group 1 15VD and at least one group 2 1SVD;

- constructs comprising at least one group 1 15VD and at least one group 3 1SVD;

- constructs comprising at least ane group 2 1SVD and 3t teast one group 3 15VD; and

- constructs comprising at least one 01C10-like sequence and at least one 14G03-like

sequence.

The construct according to aspect 28 for use as 2 medicament to reduce tumour growth

and/or to treat cancer, preferably head and neck cancer or GBM.

A nucleic acid sequence encoding
i}  foran immunoglobulin single variable domain according to any of aspects 3-22;
iy for a polypeptide according to any of aspects 23-27, or

iif} fora construct according to any of aspects 1, 2, 28 or 29.

A pharmaceutical composition comprising

i} animmunoglobulin single variable domain according to any of aspects 3-22;
i} apolypeptide according to any of aspects 23-27; or

i} a construct according to any of aspects 1, 2, 28 or 29;

and optionally a pharmaceutically acceptable excipient,

An immunoglobulin single variable domain according to any of aspects 3-22, a polypeptide
according to any of aspects 23-27, or a construct according to any of aspects 1, 2, 28 or 29 for

use in cancer, preferably head or neck cancer, GBM and/or inflammatory diseases.

An immunoglobulin single variable domain according to any of aspects 3-22, a polypeptide
according to any of aspects 23-27, or a construct according to any of aspects 1, 2, 28 or 29for

use in rheumatoid arthritis.

An immunoglobulin single variable domain according to any of aspects 3-22, a polypeptide
according to any of aspects 23-27, or a construct according to any of aspects 1, 2, 28 or 29 for

use in multiple sclerosis.

Method for producing an immunoglobulin single variable domain according to any of aspects
3-22, a polypeptide according to any of aspects 23-27, or a construct according to any of

aspects 1, 2, 28 or 29, said method at least comprising the steps of:
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expressing, in a suitable host cell or host organism or in ancther suitable expression
system, a nucleic acid or nucleotide sequence according to aspect 30; optionally followed
by:

isolating and/or purifying the immunoglobulin single variable domain according to any of
aspects 3-22, a polypeptide according to any of aspects 23-27, or a construct according to

any of aspects 1, 2, 28 or 29.

Animmunoglobulin single variable comprising an amino acid sequence with the formula 1

FR1- CDRI -FRZ - CDR2 - FR3 - CDR3 - FR4 (1);

wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an

immunoglobulin single variable domain;

wherein CDR1 is the immunoglobulin single variable domain of SEQ ID NO: 8;

wherein COR2 is the immunoglobulin single variable domain of SEQ 1D NO: 19; and

wherein CDR3 is the immunoglobulin single variable domain of SEQ 1D NO: 28,

An immunoglobulin single variable comprising an amino acid sequence with the formula 1

variable domain comprises an amino acid sequence with the formula 1

FR1 - CDR1-FR2 - CDRZ - FR3 - CDR3 - FR4 {1};

wherein FR1 to FR4 refer to framework regions 1 to 4 and are framewaork regions of an

Immunoglobulfin single variable domain;

wherein CDR1 is the immunoglobulin single variable domain of SEQ 1D NO: 10;

wherein CDR2 is the immunoglobulin single variable domain of SEQ ID NO: 20; and

wherein CDR3 is the immunoglobulin single variable domain of SEQ 1D NO: 30.

An immunoglobulin single variable comprising an amineo acid sequence with the formula 1

variable domain comprises an amino acid sequence with the formula 1

FR1 - CDR1 - FRZ - CDR2 - FR3 - CDR3 - FR4 (1};

wherein FR1 to FR4 refer to framewark regions 1 to 4 and are framewaork regions of an

immunoglobulin single variable domain;

wherein CDR1 is the immunoglobulin single variable domain of SEQ 1D NO: 11;

wherein CDR2 is the immunoglobulin single variable domain of SEQ 1D NO: 21; and

wherein CDR3 is the immunoglobulin single variable domain of SEQ 1D NO: 31.

An immunoglobulin single variable comprising an amino acid sequence with the formula 1

variable domain comprises an amino acid sequence with the formula 1

FRZ - CDRZI - FRZ - CDR2Z - FR3 - CDR3 - FR4 (1};

wherein FR1 to FR4 refer to framework regions 110 4 and are framework regions of an
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immunogiobulin single variable domain;
wherein CDR1 is the immunoglobulin single variable domain of SEQ 1D NO: 12;
wherein COR2 is the immunoglobulin single variable domain of SEQ 1D NG: 22; and

wherein COR3 is the immunogiobulin single variable domain of SEQ 1D NO: 32,

An immunoglobulin single variable comprising an amino acid sequence with the formula 1

variable domain comprises an amino acid sequence with the formula 1
FR1-CDR1-FR2-CDR2 - FR3 - CDR3 - FR4 {1);

wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an

immunoglobulin single variable domain;

wherein CDR1 is the immunoglobulin single variable domain of SEQ ID NO: 13;

wherein CDR2 is the immunoglobulin singie variable domain of SEQ 1D NO: 23; and

wherein CDR3 is the immunoglobulin single variable domains of SEQ 1D NO: 33,

Animmunoglobuiin single variable comprising an amino acid sequence with the formula 1
variable domain comprises an amino acid sequence with the formula 1

FR1 - COR1 - FRZ - CDR2 - FR3 - CDR3 - FR4 (1);
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain;
whearein COR1 is the immunoglobulin single variable domain of SEQ 1D NO: 93;
wherein CDR2 is the immunoglobulin single variable domain of SEQ ID NO: 95; and

wherein CDR3 is the immunoglobulin single variable domain of SEQ ID NQ: 97.

An immunoglobulin single variable comprising an amino acid seguence with the formula 1
variable domain comprises an amino acid sequence with the formula 1

FR1 - COR1 -FRZ-CDR2 - FR3 - COR3 - FR4 {1);
wherein FR1 to FR4 refer to framewaork regions 1 1¢ 4 and are framework regions of an
immunoglobulin single variable domain;
wherein COR1 is the immunoglobulin single variakle domain of SEQ 1D NO: 107;
whereln CORZ is the immuncgliobulin single variable domain of SEQ 1D NO: 115; and

wherein CDR3 is the immunoglobulin single variable domain of SEQ 1D NO: 123.

Animmunoglobulin single variable comprising an amino acid sequence with the formula 1
variable domain comprises an aming acid sequence with the formula 1
FRZ - CDR1 -FRZ -CDR2 - FR3 - CDR3 - FR4 (1);

wherein FR1 to FR4 refer to framewark regions 1 1o 4 and are framework regions of an

PCT/EP2012/055499
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immunogiobulin single variable domain;
wherein CDR1 is the immunoglobulin single variable domain of SEQ 1D NO: 108;
wherein CDR2 is the immunoglobulin single variable domain of SEQ ID NO: 116; and

wherein CDR3 is the immunoglohulin single variable domains of SEQ 1D NO: 124,

An immunoglobulin single variable comprising an amino acid sequence with the formula 1
variable domain comprises an amino acid sequence with the formula 1

FR1-CDR1-FRZ -CDR2-FR3 -CDR3 - FR4 {1}
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framewerk regions of an
immunoglobulin single variable domain;
wherein COR1 is the immunoglobuiin single variable domain of SEQ 1D NO: 110;
wherein CDR2 is the immunoglobulin single variable domain of SEQ 1D NO: 118; and

wherein CDR3 is the immunoglobulin single variable domain of SEQ 1D NO; 126.

PCT/EP2012/055499
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Name

SEQ ID NO:

Aminc acld seguencesg

Human CXCR7
or hCXCR7

1

MDLELFDYSERPGNFSDISWRPCNSSDCIVVDTVMCPNMEN
KeVLLYTLSFIYIFIFVIGMIANSVVVWVNIQAKTTGYD
THCY ILNLAIADLWVVLTIPVRVVSLVOHNOWPMGELTC
KVTHLIFSINLFGSIFFLTCMSVDRYLSITYFINTPSSR
KEMVRRVVCILVWLLAFCVELPUTYY LT VE SASNNETY
CREFYPEHSIKEWLIGMELVSVVLGFAVPFSITAVEFYFL
LARRISASSDOERHSSRKITFSYVVVFLVCWLEYHVAVL
LDIFSILAYIPFTCRLEHALFTALEVTQCLSLVHCCVNP
VLYSFINRNYRYVELMEAFIFKYSAKTGLTELIDASRVEE
TEYSALEQSTK

BEVQLVEEGGGLVOPGNSLRLECAASCFTFSSFCMSHVRY
APGKGLEWVESSISGEGEDTLYADSVEGRFTISRDNAKTT
LYLOMNELRPEDTAVYYCTIGGSLERSSOGTTLVIVES

Mouse CXCRY7
or mCHCET

MDVHLFDYAEPGNYSDINWPCNSSDCIVVDIVOUPTMPN
ENVLLYTLEFIVIFIFVIGMIANSVVVWVNICAKTTGYD
THCY ILNLATIADLWVYV ITIPVWVVSLVOHNQWEMGELTC
KITHLIFSINLFGSIFPFLACMSVDRYLSITYFTGTSSYK
KEMVREVVCILVWLLAFFVILPRTYYLKTVISASHNNETY
CREFYPEHSIKEWLIGMELVSVILGFAVPFTIIAIFYFL
LARAMSASGROERKHSSRKIIFSYVVVELVCWLPYHFVVL
LOIFSILHYIPFTCQLENVLFTALHVTQCLSLVHCCVNE
VLYSFINRNYRYELMEAFIFKYSAKTGLTKLIDASRVSE
TEYSALEONTK

Tag-1

71

ARAHHHHHHCGAAEQKL I SEEDLNGAR

Tag-2

72

ARAFQRLISEEDLNGAAHHHHEHH

Tag-3

105

GAAEQRLISEEDLNGAARHHHHHE

Cynomolcus
CXCR7 or
cCHCR7

90

MDLHVFDYSEPGNEFSDIGWPCNSSDOIVVDTVMCPNMEPN
KSVLLYTLAFIYIFIFVIGMIANSVVVWVNIQAKTTGYD
THCYILNLAIADLWVVLT I PVWVVSLVQHNQWPMGELTC
KVTHLIFSINLFGSIFFLTCMSVDRYLSITYFTNTSSSR
KEMYRRVVCVLVWLLAFCVSLPDTYYLKTVITSASNNETY
CREFYPEHSIKEWLIGMELVSVVLGFAVPFSVIAVEYFRL
LARATSASGDQEKHSSRKIIFSYVVVEFLVCWLPYHVAVL
LOIFSILEYIPFTCRLEHALFTALHVTQCLSLVHECCVND
VLYSFINRNYRYELMEAFIFKYSAKTGLTKLIDASRVSE
TEYSALEQSTK
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Table B-2: Sequences for CDRs and frameworks, plus preferred combinations as provided in for

formula |, namely FR1-CDR1-FR2-CORZ-FR3-CDR3-FR4

{Terms: “iD” refers to the given SEQ ID NO. Preferred combination of FR and CDR sequences for each

NB construct are used interchangeably through-out the application)

clone |ID  FR1 I DRI ID [FR2

07B11 |4 EVQLVESGGNLVOAGGSLGLSCAASS THIMG 14 WYRQAFGKORDLVA
VSISS

07CC3 |5 |EVQLVESGGGLVQAGESLTLSCAAS10 AYIMG 15 WFRQAEBGKEREFVA

; CRTLS

08ACS |6  |EVOLVESGGGLVOAGDSLRLSCBAS[IL |NYDMG 16 WFRQAPGKEREFVG
CLTFS

08A10 |7  |EVQLVESGCGLVOAGGSLRLSCAAS12 |ZABMG |17 WYROATGKQRELVA
GSTFS

14G03 8  EVOLVESGGGLVOPGGSLRISCAAS1Z |INYMG |18 WYRQADGKORELVA

(09Aa04) GSTYL

Al 64 EVOLVESGGGLVOPGNSLRLSCAASS5 |SFGMS 66 WVRQAPGKCGLEWVS
GETFS

01C10 92 [EVOLVESCGGLVOTGASLRLSCARSSZ  |[NYAMG (194 WFROAFCKERERVA
GRTFS

01C12 103 EVOLVESGEGLVQAGASLRLSCAAS|IO7 NYAMG 11- WPRQAPGKERERVA
GRTFS

01B12 104 [EVOLVESGGGLVQAGASLRLSCAAS[108 |NYAMG 112 WPROAPGKEREPVA
GRTFS

01F11 105 EVOLVESGGGLVOAGASLRLSCARS[109 INYAMG [113 WFRQAPGKEREDVA
CRTFS

01B10 106 EVOLVESGGGLVQAGASLRLSCAAS[110 NYAMG 114 WEFROAPGKEREPVE
CRTFG

Table B-2 {cont.}

Clone ID [CDR2 D |FR3

07811 19 TITSCGSTAYADSVKC  [24 |[RFTVEKDNAKNTVYLOMDSLKPEDTSVYYCAR

07C03 20 GIWSGGYTHLADSAKG 25 RFSISRDNAKNTVYLOMNGLKPEDTAVYYCAR

G 21 ASWWSGGADYYSDSVKG 26 RFTISRDNAKNTVYLOANSLRPEDTAVYYCAA

GBA10 22 TITDGGTTTYADSVKG 27 |[RVTISRDRSANTVYLAMNNLKPDDTAVYYCYA

14G03 23 TLTSGGSTNYAGSVKG 28 RFAISRDNAKNTVYLQMNSLKPEDTAVYYCNL

(D9A04)

2158 67 |SISGSGSDTLYADSVKG 68 RFTISRDONAKTTLYLOMNSLRPEDTAVYYCTT |

0100 95 AITPRAFTTYYADSVKG 196 RFTISHDNAKNTAYLOMVSLKPEDTAVYYCAA

01C12 115 ATSPSAVITYYADSVKG 1119 RFTISRDNAKNTAYLOMVSLKPEDTAVYYCAR

01B12 118AISPAALTTYYADFVKG 1120 RFTISRDNAKNTAYLOMVSLKPEDTAVYYCAR

01FL11 117BISPARLTTYYADFVKG 121 RFTISRDNAKNTAYLOMVSLKPEDTAVYYCAA

D1B10 118ATSPARVITYYADFVKG 122 RFTISRDNAKNTAYLOMVSLKPEDTAVYYCAR
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Table B-2 (cont.}
Clorne ID  [CDR3 D FR4
07811 29 [EVRNGVFEKWNHY 34 ;WGQGTQVTVSS
07C03 30  GLRGROYSN 25 iWGQGTQVTVSS
08A05 31  |KRLESFASGGSYDY 36 WGOGTOVIVSS
08A10 32 [YLRYTSRVDPEDNY 37 WEQETQVTVES
14G03 3 GGTLYDRRRFES 38 WGQGTQVTVSS
(09104} :
B1k8 £9 |(IGSLSR 70 :SSQGTLVTVSS
01C10 97 |[QLVGSGSNLGROESYAY 98  WGEQGTQVIVSS
01012 123 QLPCGROSNLGRQASYAY 127 WEQSTQUTVSE
01B12 124 DLVCSCSNLGROQSYAY 123  WCQATQUTVSS
01F11 125 QLVGSGSNLGROQSYAY 129 WGEQGTQVTVES
01R10 126 DLVCGSGSNLGRODSYAY 130  WGQGTQVTVES

Table B-3: Amino acid seguences of immunoglobulin single variable sequences of the invention

Mame of
clone

SEQ ID NC:

Amino acid seguences

07R1L

39

EVCLVESGGNLYVQAGGELOLSCAASVSISSTHIMGHWYRQ
APGEKOQRDLVATITSGGSTAYADSVKGRFTVSKDNAKNTV
YLOMDSLKPEDTSVYYCAREVRNGVEFGKWHHYWGQGTQV
TVSS

g7C03

EVCLVESGGGLVQAGESLTLSCAASGRTLSAYIMGWFRQ
APGKEREFVAGIWSGGY THLADSAKGRFSISRDNARKNTY
YLOMNGLEKPEDTAVY Y CAAGLRCGROYSNWGQGTQVIVSES

0BAOG

41

EVQLVESGGGLVQAGDSLRLECAASGLTFSNYDMGWEFRO
APGKEREFVGASWWSGGAPYYSDSVKGRFTISRONAKNT
VYLOANSLRPEDTAVYYCAAKRLRSFASGGSYDYWGOGET
QVTVES

DBALD

EVQLVESCGGLVQAGGSLRLSCAASGSIFSIARMGRYRY
ATGKQRELVATITDCGTTTYADSVKGRVTISRDRSANTV
YLAMNNLKPDDTAVYYCYAYLRYTSRVEGDNYWGQGTOV
TVSS

14G03
{0SA04) *

W
(93]

EVOLVESSGGLVQPGGSLRISCAASGS I YLINYMGHYRO
APGKORELVATLTSCCSTNYAGSVKGRFAT SRONAKNTY
YLOMNSLEPEDTAVYYCNIGGTLYDRRRFESHGOGTOVT
vas

01CLO

91

EVOLVESGGGLVOTCGASLRLECAASGRTESNYAMGWEFRO
APCKERERVAARTTPRAFPTTYYADSVKGRFTISRENAKNT
AYLOMVSLKPEDTAVYYCAAQLVGEEGENLGROESYAYWG
QGTQVTVES

51C12

89

EVOLVESGGGLVQAGASLRLECAASGRTFSNYAMGWERQY
APGKERERVAATISPSAVITYYADSVKGRFTISRONAKNT
AYLOMVSLEPEDTAVYYCRAAQLPGRGENLGRQASYAYWG
QGTQVTVES

100

| EVOLVESGGGLVOACGASLRLSCARSGRTFSNYAMGHWEFRQ
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APCREREPVAAISPAALTIVYADFVEGRFTLSRDNAKNT
AYLOMVELKPEDTAVYY CARQLVGEGSNLGRQOSYAYHWG
QGTOVTVSS

01F11 101 EVQLVESGGGLVOAGASLRLECAASGRTFENYAMGHERO
APGKEREPVAAISPAALTTYYADFVKEREFT I SRONAKNT
AYLOMVSLKPEDTAVY YCARQLVESGSNLAROOSYAYWE
QETOVIVSS

01Bi0 102 EVQLVESGEGLVQAGAS LRLSCAASGRT FGNY AMGWERQ

APGKEREPVAAISPRAVITYYADFVKGRFTISRONAKNT
AYLOMVSLEKPEDTAVYYCAAQLVGSGENLGROOSYAYWG
QGTOVIVSE

* The sequences of 14G03is identical to the sequence of 09A04; 14603 is used interchangeably with

gsAD4.

Table B-4: Polypeptide sequences of the invention

Name of

clone

SEQ ID NO:

Amirnc acid sequences

07B11-5G5-
Alb8

EVOLVESGGNLVOAGCSLOLSCRASVSISSTHIMGHYRQ
APGKQORDLVATITSCGGSTAYADSVKGRETVSKDNAKNTV
YLOMDSLKPEDTSVYYCAREVRNGVFGEWNEYWGEQGETQV
TVSEGGEESGEESEVOLVESGGGLVOPGNESLRLECARASG
FTFSSFOMSWVRQAPGKGLEWVSSISGSGSDTLYADSVK
GRFTISRDNAKTTLYLOMNSLRFEDTAVYYCTIGGSLSR
SSQOGTLVTIVSS

45

EVQLVESGGGLVQACESLTLSCARSGRTLSAY INGWEFRD
APGRKEREFVAGIWSCEYTHLADSAKGRFSISRDNAKNTV
YLOMNGLEPEDTAVYYCAAGLRGROYSNWGQGTQVIVSS
GGGEIGGEREVQLVESGCCLVOPGNSLRLSCAASGHTIS
SEGMSWVROAPGKGLEWVSSISGSGEDTLYADSVKGRFT
IGRENAKTTLYLOMNSLRPEDTAVYYCTIGESLERESOG
TLVIVSS

0BAOL-9GS-
Alb8

s
o

EVQLVESGGGLVQAGDSLRLSCARSCGLTFSNYDMGHWERD
APGKEREFVGASWWSGEAPYYSDSVKGRFTI SRENAKNT
VYLCANSLRPEDTAVYYCAAKRLRSFASGGSYDYWGOGT
QVIVESGEEGSCEESEVOLVESGGGLYOPGNSLRLSCAA
SCGFTFSSFGMSHVROAPGKGLEWVSSISGSGEDTLYADS
VKCGRFTISRDNAKTTILYLOMNSLRPEDTAVYYCTIGGSL
SRESQGTLVTVES

DBALIO-2G5-
Albs

47

EVRLVESGECLVOAGGSLELSCAASCSIFSIAAMGWYRD
ATGKORELVATITDGGTTTYADSVKGRVTISRDRSANTV
LAMNNLKPDDTAVYYCYAYLRVTSRVPGDNYWGQGTQV
TVEECGGEEEGEESEVOLVESCCELVOPGNELRLSCAASG
FTPSSFGMEWVROAFCKGLEWVSS T SG5GSDTLYADSVRE
CRFTISEDNAKITLYLOMNSLRPEDTAVYYCTIGGESLER

14G03- 9GS~
Albs

48

SSQGTLVTIVSS

EVQLVESGGGLVQPGGESLRISCAASCSIYLINYMGWYRO
APGEQRELVATLTSGGSTNYAGSVKGRFAISRDNAKNTY
YLOMNSLKPEDTAVYYCNIGGTLYDRRRFESWGQGTOVT
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VESGGEGEGEESEVQLVESGGELVQPENSLRLSCARSGE
TFSEFGMEWVRQAPGHKCGLEWVSSISGEGSDTLYADSVEG
RETISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLERS
SQGTLVTVSS

07R1L1-508- 78 EVQLVESGGNLVDAGGSLALSCAASVSISSTHIMGWYRY
APGKORDLVATITSGESTAYADSVKCORFTVSKDNAKNTV
YLOMDSLKPEDT SVYYCAARVRRGVFOKWNEYRGOGETOV
TVESGGEESGEGEEEVOLVESCGECLVQAGESLTLSCAASG
RTLSAYIMGWFREQAPGKEREFVAGTWSGEYTHLADSAKG
RFSISRDNAKNTVYLOMNGLKPEDTAVYYCAAGLRGROY
SNWEQGTOVTVES

07C03

07C03-5G5-

~1
\D

EVQLVESGGGLVOAGESLTLSCAASCGRTLEAYIMGWFRY
APGREREFVAGIWSGGYTHLADSAKGRFSISRDNAKNTY
YLOMNGLEPEDTAVYYCAAGLRGROYSNWGQGTQVTVES
GGGGSGEEEEVOLVESGGNLVOAGGSLGLICAASVSISS
IHIMGWYRQAPGKORDLVATITSCGESTAYADSVKCORFTV
SKDNAKNTVYLOMDSLKPEDTSVYYCAAEVRNGVEGKWN
HYWGOGTQVIVSS

07B11

07BL1-9GS- &0 EVOLVESGENLVQAGGSLOLSCAASVSISSIHIMGUWYRG
AlBE-5G8~ APGKORDLVATITSCGESTAYADSVKGRFTVSKDNAKNTV
YLOMDELKPEDTSVYYCAREVRNGVFCGKWNHYWEQGTOV
TVESGGEESCGGCSEVQLVESGGGLVOPGNSLRLSCARSG
FIFSSFGMSWVROAPGKGLEWVSSISGSGSDTLYADSVE
GRFTISERDNAKTTLYLOMNSLREPEDTAVYYCTIGESLSR
S5QGETLVTVSSGGEEGSGEGSEVOLVESGGGLVQAGESLT
LSCAASGRTLEAY IMGWFROAPGKEREFVAGIWSGGYTH
LADSAKGREFSISRDNAKNTVYLOMNGLEKPEDTAVYYCAA
GLRGROYSNWGQGTQVIVSS

07C03

07B11-9GS- a1 EVQLVESGGNLVOAGGELEGLSCAASVEISSTHIMGWYRY
07003 -909 - APGKQRDLVATITSGESTAYADSVKGRFTVSKDNAKNTY
YLOMDSLXPEDTSVYYCAAEVRNGVFGKWNHYWGQGTIOV
TVSSGGGEEGEESEVOLVESGGELVCAGESLTLSCARSG
RILSAYIMGWFROAPGKEREFVAGIWSGEYTHLADSAKG
RFSTSRDNAKNIVYLOMNGLKPEDTAVYYCAAGLRGRQY
SNWGQGTOVTVSSGEEGSGHESEVOLVESGGCELVQPGNS
LRLSCARSGFTFSSFGMSWVROAPGKGLEWVSSTEGSGS
DILYADSVKGRFTISRDNAKTTLYLOMNSLRPEDTAVYY
CTIGGSLSRSESQETLVTVES

AlbB

JBADL-3GE- B2 EVOLVESGGCELVOAGDSLRLSCAASGLTFSNYDMGWERD
AER10 APGKEREFVGASWWSGGAPYYSDSVKGRFTISRDNAKNT
VYLOANSLRPEDTAVYYCAAKRLRSFASGGSYDYWGQGT
QVIVESSGGGEGEGEGEESEVQLVESCGECLYVQACGSLRLESCAA
SGSTFSIAAMGWYRQATGKORELVATITRDGGTTTYADSY
KGRVIISRDRSANTVYLAMNNLKPDDTAVYYCYAYLRYY
SREVPGDNYWGQGTOVIVSS

0BALO-9G5- 83 EVOLVESGGGLVOAGGSLRLSCAASGEIFSTAANMGHWYRQ
AlbE- 508 - ATGROQRELVATITDGCGTTTYADSVRGRVTISRDRSANTV
YLAMNNLEPDDTAVYYCYAYLRYTSRVPGONYWEQCGTOV
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08ALO

TVSSGGGEGESGEESEVQLVESGGELVQPGNSLRLSCAASG
FIFSSFOMSWVRQAPGKCGLEWVSSISGSGSDTLYADSVE
GRETISRDNAKTTLYLOMNSLRPEDTAVYYCTIGGSLSR
SEQETLVIVESGGEESGGGSEVOLVESGGELYQAGGSLR
LECAASGEIFS IAMMGWYRQATGKQRELVATITDGGTTT
YADSVKGRVTISEDRSANTVYLAMNNLKPDDTAVYYCYA
YLRYTSRVPGDNYWGERGTQVIVES

23802 (238D2
ig directed

against

08A10-9GS- 84 EVOLVESGGGLVQAGGSLRLSCARSGS IFSIARNGWYRG
08AL0- S90S ATERORELVAT ITDGGTTTYADSVKGRVTI SRORSANTY
YLAMNNLEPDDTAVYY CYAY LRYTSRVECDNYWOQGTOV
Albg TVSSGEEGSGEGSEVQLVESGEELVOAGGESLRLSCARSG
SIFSIARMGWYROATGKORELVATITDGGTTTYADSVKG
RVTISRORSANTVYLAMNNLEPDOTAVYYCYAYLRY TSR
VPGDNYWGOGTOVTVS SGEEGSEGESEVOLVESGGGLVY
PGNSLRLSCAASGEFTFSSFOMSWVROAPGKELEWVSSIS
(8ESDTLYADSVKGRET I SRDNAKTTLYLGMNSLRPEDT
AVYYCTIGGSLSRSSOGTLVTVSS
08105-9GS - 85 EVQLVESGGGLVOAGDSLRLSCARSCLTFSNYDMOWFRQ
08A10- 9GS~ APGREREFVGASWWSGGAPYYSDSVKGRFTISRDNAKNT
) VYLOANSLRPEDTAVY YCAAKRLRSFASGESYDYWGOGT
Alb8 OVTVE SEGEEESEACSEVOLVESGAALVOAGGSLELECAA
SGSIFSIARMGWYRQATGKORELVATITDGGTTTYADSY
KGRVTISRDRSANTVY LAMNNLKPDDTAVYYCYAYLRYT
SRVEGDNYWGOGTOVTVSSGEGESGEESEVDLVESGGGL
VOPGNSLRLSCAASGFTYSSFOMEWVROAPGKGLEWVSS
ISGSCSDTLYADSVKGRETI SRONAKTTLYLOMNSLREE
DTAVYYCTIGGSLSRSSQOGTLVTVSS
07B11-9GS- 86 EVOLVESGGNLVOAGCSLGLSCAASVSISSIHINGWYRO
23802 (23802 APGKORDLVATITSGGS TAYADSVKGRFTVSKDNAKNTY
‘ , YLOMDSLKPEDTSVYYCAREVRNGVFGKRNHYNGQGETOV
ig directed TV S SGGEGSEEESEVOLVESGOOLVOTCGS LRLECAASE
against FTFSSYAMSWVROAPCKGLEWVSGIKSSGDSTRYAGSVK
CKCRA) GRETISRDNAKNMLYLOMYSLKPEDTAVYYCAKSRVSRT
SLYTYDNRGOGTQVTVSS
07C03-9G8- 87 EVQLVESSGGLVQAGESLTLSCAASGRTLSAY IMGHFRQ
23804 (238D4 APGKEREFVAGIWSGGYTELADSAKGRFSISRDNAKNTY
, S YLOMNGLKPEDTAVYYCARGLRGROYSNWGOSTQVIVSS
is directe GOOGSGOCSEVOLMESCOGLVOACGCSLRLECAASGRTEN
against NYAMGWFRRAPGKEREFVAATTRSGVRSGVEATIVADEVK
CYCRA) DRETTSRDNAKNTLYLOMNSLKPEDTAVYTCAASATGSG
ALRRFEYDYSGOGTOVTVES
0BALC-9GS- 88 EVOLVESGGGLVOAGGSLRLSCAASGSI FE IAAMGHYRO
ATbE-9GS - ATGKORELVATITDGGTTTYADSVKGRVTI SRDRSANTV

YLAMNNLKPDDTAVYYCYAYLRYTSRVPCDNYWGERGTQV
TVESGGGESGGGEEVOLVESGOCLVOPGNSLRLSCAASG
FTFSSFGMSWVRDAPGKGLEWVSSISGSGEDTLYADSVE
SGRFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGESLER
SEQGTLVTVESGEEGEGEEEEVQLVESGGGLVOTEGGSLR
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CXCR4}

LESCARBCGFTFSSYAMSWVRDAPGKGLEWVSEIKSSGDET
RYAGEVEGRFTISRONAKNMLYLOMYSLEPEDTAVYYCA
KSRVSRTGLYTYDNRGOQGTOVTVSS

08A05-3GS-
238D4-3G5~
Alh8 (228D4
ig directed
against

CXCR4}

89

EVOLVESGGGLVQAGDSLRLECAASCLTFSNYDMGHWERD
APGKEREFVGASWWEGGAPYYSDEVEGRFTI SRUNAKNT
VYLOANSLRPEDTRAVYYCAAKRLRSFASGGSYDYWGQGT
OVIVEEGGEEEGEEEEVQIMESGEELVQAGESLRLECAA
SGRTFNNYAMGWIRRAPGKEREFVAAITRSGVREGVSAT
YGDEVKDRE T SRODNAKNTLYLOMNSLKPEDTAVYTC
SATGSGALERFEYDYSGOGTOVIVESGEEESGEESEVQL
VESGGGLVOPGNSLELSCAASGFTFSSFGMSWVROAPCGK
GLEWVSSISGSGEDTLYADSVKGRFTISRDNAKTTLYLO
MNSLRPEDTAVYYCTIGESLSRESQGTLVIVSES

cione 060

clone 083

132

EVQLVESGGGLVQAGDSLRLSCARSGLTFSNYDMGEWIRQ
APCGREREFVGASWWSGGAPYYSDSVEGRFTISRDNAKNT
VYLOANSLRPEDTAVY YCAAKRLRSFASGGEYDYWGOAT
LVIVSSGGEGESGGEEHGEEESGEGEESGGEEEGEGEEEECGE
GSEVQLVESGGCGLVQAGDSLRLSCAASGLTFSNYDMGWE
RQAPGKEREFVGASWWSGGARPYYSDEVKGRFTISRDNAK
NTVYLOANSLRPEDTAVYYCAAKRIRSFASGGSYDYWS

STLVIVESSGGGGSGEESEVQLVESGGGLVOPGNSLRLEC
AASGFTFSSFCMSWVROAPGKGLEWVSSISGSGSDTL YA
DEVEKGRFTISRDNAKTTLYLOMNSLRFEDTAVYYCTIGG

SLERSSQGTLVTVSS

RVQLVESGEGLVOAGDSLRLSCAASCGLTFENYDMGWERG
APGKEREFVGASWHSGGAPYYSDSVKERFT T SRONAKNT
VYLOANSLRPEDTAVYYCAAKRLRSFASGGS YDYWGOCT
LVTVSSGaCEaGEEEEGEGESGEGEEGGEESGRAGSEVO
LVESGGGLVOPGNSLRLSCAASGFTFSSFGMSWVROADG
KGLEWVSSISGSESDTLYADSVKCRFTT SRDNAKTTLY L
OMNSLRPEDTAVYYCTIGGESLERSSOGTLYIVSS

clone 085

133

EVQLVESGCCGLVQPCGSLRISCAASGSIVLINYMOWY RO
APGHKORELVATLTEGGSTNYAGSVKGREFAISRDNARNTV
YLOMNSLEPEDTAVYYCNIGGTLYDRERFESWEQGTLYT
VSBGEGESCECESCGEEEGEEEESEGEEESGEEEECEGESE
VOLVESGGGLVOTGASLRLECAASGRTFSNYAMGHWEFROA
PGKERERVAATITPRAFTTYYADSVKGRFTISRDNAKNTA
YLOMVSLEKPEDTAVYYCAAQIVGSGSNLGROESYAYWGD
GTLVTVSSGGGEEEGEGEGEEEGGEESGGCEESGEEEIGEEESG
GGGSEVQLVESGGGLVQPCGNSLRLSCAASGFTFSSFGMS
WYRQAPGEGLEWVSSISGEGSDTLYADSVKGRFTISRDN
ARTTLYLOMNSLEPEDTAVYYCTIGGSLSRESQGTLVTY
55

cloms 093

134

EVQLVESGGGLVQTGASLRLSCAASGRTFSNYAMGWEFRQ
APCKERERVAAITPRAFTTYYADSVEGRFTI SRONAKNT
AYLOMVSLKPEDTAVYYCARQLVGESGESNLGROQESYAYWG
RGTLVIVIEGEGE3GEGESCEEESEGEGEECEGEESGEGEES
GGGESEVOLVESGGELVQTGASLRLS CARSGRTFSNYAM
GWFROAPGKERERVAAITPRAFTTYYADSVEGRFTISRD
NAKNTAYLOMVSLERPEDTAVYYCAAQLVGSGENLGRQES
YAYWEQGTLVTVESGEEGSEGEGEEGGEGSGGEESGEEES
GEGGSGEEESEVOLVESGGGLVOPGNSLRLECARSGFTE
SSFCMSWVROAPGKGLEWVSSISGSGSDTLYADSVKGRE
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TISRONAKTTINLOMNSLRPEDTAVYYCTIGGSLSREED
GTLVTVSS

clone 021 35 EVOQLVESGGGLVOAGGSLRLSCAASCGSIFSTAAMGWYRY
ATGRORELVATITDGGTTTYADSVEKGRVTISRDREANTY
YLAMNNLXPDDTAVYYCYAYLRYTSRVPGDNYWGQGTLV
TVE3GGEEECEEGEEGGGGEEEGEEEGGEGESEEEEEGEEES
EVQLVESGGGLVOTGASLRELSCAASGRTFSNYAMGWERD
APGKERERVAATITPRAFTTYYADSVRKGRFTISRDNAKNT
AYLOMVSLKPEDTAVYYCARQLVGESGENLGRQESYAYWG
QGTLVIVEEGEEESGGHESEVOLVESGGGLVIPGNSLRLS
CARSCFTFSSFCMSWVRQAPCKGLEWVISISGEGEDTLY
ADBVKGRFTISRDNAKTTLYLOMNSLEPEDTAVYYCTIGC
GSLSRESQETLVIVSS

clone 023 -35 EVQLVESGEGLVOAGDSLRLECALSGLTFSNYDMGWFRO
APGKEREFVGASWWSGGARYYSDSVKGRETISRDNAKNT
VYLOANSLRPEDTAVYYCALKRLRSFASCESYDYHEOET
LVTVSSGEGESEEEESGEEEECCRsCaaasEaaasaae
GSEVQLVESGEELVOTGASLRLSCAASGRTFSNYAMGHE
ROAPGKERERVAAITPRAFTTYYADSVKGRFTISRDONAK
NTAYLOMVSLEPEDTAVYYCAAQLVGEGSNLGROESYAY
HGOGTLVTVSSGEGESGEESEVOLVESGECLVOPCNSLR
LECALSGFTFGSFEMSWVEOAPGKGLEWVSSISGSGSDT
LYADSVKGRFTISRDNAKTTLYLOMNSLRPEDTAVY Y (T
IGGSLSRSSOGTLVTVSS

‘plone 038 137 EVQLVESGGGLVOPEGSLRISCAASGS IV LINYMGWYRO
APGKORELVATLTSGES TNYAGESVKGREFAISRDMNAKNTY
YLOMNSLKPEDTAVYYCNIGGTLYDRRRFESWGOGTLYT
VS SEGGGSGAGESEEEREGAGESEEGESGERGSERARLE
VOLVESGGGLYQTGASLRLECAASGRTFENYAMOWFROA
PCKERERVAAITDRAFTTYVADSVKGRFT I SRDNAKNTA
YLOMVSLKPEDTAVY Y CAROLVGSGSNLGROESYAYWGD
CTLVTVSSGECGSCCESEVOLVESGRGLVOPGNSLRLSC
AASGFTFSSFCEMSWVROASGKGLEWVSS ISGSCSDTLYA
DSVKGRFTISRDNAKTTLYLOMNSLRPEDTAVYYCTIGE
SLSRSSQGTLVTVSS

clone 049 138 EVOLVESGGCGLVITGASLRLECAASGRTFSNYAMGWERY
APGKERERVAAITPRAFTTYYADSVKGRFTISRERDHAKNT
AYLOMVSLKPEDTAVYYCARQLVGSGSNLEGROESYAYHG
QGTLVIVSSGGGESGGGGEEGEGEGECEGESGEEEEGEEES
GGGESEVQLVESGGGLVQAGDSLRLSCAASGLTFSNYDM
GWFRQAPGKEREFVGASWHEGGAPYYSDESVKGRFTISRD
NARNTVYLOANSLRPEDTAVYYCAAKRLRSFASGESYDY
AGQETLVIVEEGEGEEGEGSEVQLVESGGCLVOPENSLR
L5CAASGFTFSSFGMEWVROAPGKGLEWVSSISGSGSDT
LYRADSVKGRIPTISRDNAKTTLYLOMNSLRPEDTAVY YT
IGGSLSRSSQGTLVIVSS

clone 052 139 EVOLVESGGGLVOTGASLRLSCAASGRTFSNY AMGWEFRQ
APGKERERVAAITPRAFTTYYADSVKGRFTISRDNAKNT
AYLOMVSLKPEDTAVYYCAROLVGSGSNLGROESYAYWHG
OGTLVTVS SGEEESGEGESCCEE8GEEGECGREEEERAS
GGGGSEVQLVESGECLVOPEESLRTSCAASES TYLINYM
GWYRQAPGKQRELVATLTSGESTNYAGSVEGRFATSRDN
AKNTVYLOMNSLKPEDTAVYYCNTGGTLYDRRRFESWGO
GTLVTVSSGGEGSGEESEVOLVE SGEELVOPGNSLRLEC
AASGFTFSSFGMSWVROAPGKGLEWVSS TSGSGSDTLYA
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DEVEGRFTISRENAKTTLYLOMNSLEPEDTAVYYCTIGG
SLERSSQGTLVTVES

clone (86

EVCLVESGGGLVOPCGSLRISCAASGSIYLINYMOWYRQ
APGKORELVATLTSGGSTHYAGSVKGRFAISRDNAKNTV
YLOMNSLKPEDTAVYYCHNIGGTLYDRRRFESWGQGTLVT
VEEGGGEICEGEEEGEEEGEGEEESGEGESGEEEEGEGEEEE
VOLVESGEGLVCAGESLTLECAASGRTLSAYIMGWERDA
POREREFVAGIWSGEY THLADSAKGRIS I SRDNAKNTVY
LOMNGLEPEDTAVYYCAACLRGRQYSNWGQGTLVTVSSG
GGGSGEEREVOIVESGGGLVOPCHNSLRLSCAASGEFTESS
FGMEWVROAPGRGLEWVSSISGSGSDTLYADSVEGRETT
SRDHNAKTTLYLCMNSLRPEDTAVYYCTIGGSLSRSSQGT
LVTVSS

Table 8-5; Linker seguences of the invention

Name of SEQ ID MNO: | Amino acid sequences

linker

5G8 49 CGGGES

6G3 50 5GGSGGE

9Gs 51 GGGGEGEGES

10GS 52 GEAGE6GEES

15GS 53 GGGESEGEEEISGEEESE

18GS 54 GGGGECEEESGEEGEGEEES

20G8 55 GGGEESGEEESGEHEEESGEGEES

25G58 56 GCGGESGEEESGGEEEGGEESGEEGS

30GS 57 GGGESGEEGEEELERGHEESGEEGSGEEES
35G5 5 GEGGSGEEESGEEESEGEGESGEEESGEEESEGEES

Table B-6: Nucleic acid seguences of the invention

Name of
clone

SEQ

ID NO:

Nucleic acld seguences

07811

Eg

GAGGTGCAATTGETGGAGTCTGGGGGARACTTGETGCAG
GOTGEEEEETCTCTEECACTCTCCTETGCAGCCTCTGTA
AGCATCTCCAGTATCCATATCATGGECTGGTACCGGUAG
SCTCCAGGCARACAGCCCGACTTGGTCGCTACTATTACT
AGTGGTGGTAGCACAGCATATCGCAGACTCCGTGAAGGGA
CCATTCACCGTCTCCARAGACAACGCCAAGRACACGETG
TATCTGCAAATGCEACAGCCTGARACCTCAGOACACATCC
GTCTATTACTGTGCAGUCGAGGTCAGAAATGGGRETETTT
GGALAATGGRATCACTACTGGGGCCAGEGGACCCAGGTC
ACCGTOTCCOTCA

GAGGTGUARTTGETGGAGTCTGGGGGACGATTGETGCAG
GCTGGGEAGTCTCTGACTCTCTCCTETGCAGCCTCTAEGA
CGCACCTTAAGTGCCTATATCATGGECTGETTCCGCCAG
GCTCCAGGGAAGGAGCGGGACGTTTCTACGCCGETATCTEG
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AGTGCETGOTTACACACACCTTIGCAGACTCCGCCAAGGEC
CGATTCAGCATCTCTAGAGACAACGCCAAGRACACTOTA |
TATCTGCAAATGARCCGCCTGARACCTGAGGACACGRCC |
GTCTATTACTGTGCAGCAGGTCTCAGAGECCCGCTAGTAT
AGTAACTGGEGCCAGGGGACCCAGGTCACCGTCTCOTCA

Q8ACH 61 GAGGTCGCAATTGETGGAGT CTGCEGCAGGATTGETGCAG
GCTGGGGACTCTCTGAGACTCTCOTETGCAGCCTCTGEA
CTCARCTTTCAGTAACTATCGACATGGGCTGETTCCECCAG

CTCCAGGGAAGGAGUGTGAATTTGTAGGGGCTAGTTGS
TCGEAGTGGETGETGCCUCATACTATT CAGACTCCGTGRAG
GRCCGATTCACCATCTCUAGAGRACARCGCCAAGAACALCG
GTGTATCTGCARAGCGAACAGCCTGAGACCTGAGGACACG
GCCGTTTATTACTGETGCAGCCAAAAGECTGCETAGTTIC
GCCTCCGETGEETCGTATGATTACTGGGET CAGEEGALCC
CAGGTCACCGTCTCCTCA

0BALO GAGTCTGGGGEAGGCTTGETGCACGCTGGAGGGTCTCIG
AGACTCTCCTETCCABCTTCTGCGAAGCATCTTCAGTATC
GCTGCCATGGECTGETACCGCCAGECTACAGGGAAGCAG
CGCCGAGTTGGTCCCARCTATCACTGATGCUGETACGACA
ACCTATGCAGACTCCETGAAGGECCCAGTCACCATCTCC
AGCGACAGGTCTGLGAACACGETCTATCTGECANTGAAC
ANTTTGAARCCTGATGACACAGCCGTCTATTATTGTTAT
GCCTATCTGCGCTATACAAGCAGAGTACCTGGCGATAAC
TACTGGGECCAGECGACCCAGGTCACCGTCTCCTCA

AN
B

14GG3 53 GCAGGTGCAATTGETGGAGTCTGCCECAGGCTTGETGCAG
COTGEEGGGETUTUTGAGAATTTCCTGTGCAGCCTCTGEA
AGCATCTACCTTATCAATTACATGEGCTCGTACCGLCAG
GCTCCAGGGAAGCAGCGCGAGTTGETCGCAACGITTALT
AGTCGGTCCTAGTACCAACTATGCAGGUT CCGTCARAGGEC
CGATTCGCCATCTCCAGAGACARCGCCAAGAACACGGETT
TATCTGCAAATGAACRGCCTGARACCTGAGGACACGGLC
GTCTATTACTGTAATATAGCGAGGAACGCTATACGACAGA
AGGCGETTTGAATCCTGCGGGUCAGEGGACCCAGETCACT
GTCTCCTCAG

01CLla 39 GAGGTGCAATTGETGGAGTCTGGCEGAGGETTCETGCAG
ACTGGAGUCTCICTGAGACTCTCOTGTGCAGCCTCTGEA
COCACCTTCAGTAACTATGCCATGEGCTGETTCCGLCAG
GUTCCAGGGAAGGAGUGTGAGCGTETAGCAGUTATTACA
CGAGAGCATTTACCACATATTATGCAGACTCCGTGAAG
GGCCGATTCACCATCTCCAGAGRCARCGCCAAGAACALG
GCGTATCTACARATGGT CAGCCTGARACCTGAGGACATG
GCCETITATTACTGTGCAGCTCAACTGGTTGGCAGCGET
AGTAATTTAGGACCTCAGGAGTCCTATGCCTACTEGEGEEC
CAGGGOACCCAGGTCACCGTICTCUTC

07B11-5%GS~ 73 GAGGTGCAATTGEIGGAGTCTCCGCGGAARCTTGGTGCAG
Albg GOTGOGEGETCTCTGEGACTCTCCTGTGCAGCUTCTGTA
AGCATCTCCAGTATCCATATCATGGGITGETACCGECAG
GCTCCAGGCAAACAGCGCGACTTGETCGCTACTATTALT
AGTGGETGGETAGCACAGCATATCCAGACTCCGTGAAGGSEA
CCATTCACCGTCTCCAAAGACAACGCCAAGAMCACGGETG
TATCTGCAAATGGACAGCCTGARACCTGAGGACACATCC
GTCTATTACTGTIGCAGCCOAGCCSTCAGARATGGGETGTTT
GGARAATGGAATCACTACTGGEECCAGGGGACCCAGETC
ACGGTCTCCTCAGGAGGTEGCGEGTCCGGAGGCGGATLC
GAGGTACAGCTGGTCGACTOTGECEGTECCTTEGETGCAA
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CCGGGTAACAGTOTGCGLCTTAGCTGCGCAGCETCTEGC
TTTACCTTCAGCTCCTTTIGECATCGAGUTGGGTTIGCCAG
GCTCCGGGARAAGGACTGGAATGEGTTTCETCTATTAGC
GGCAGTGETAGCGATACGCTCTACGCGGACTCCETGAAG
GGCCGTTTCACCATCTCCCGCGATARCGCCAAAACTACA
CTETATCTGUAANTGAATAGCCTGCGTCCTGAAGACACG
GCCGTTTATTACTGTACTATTGGTGGCTCGTTAAGCOGT
TCTTCACAGGGTACCCTGETCACCETCTCOTCA

07C03~-8G8~ T4 GAGGTGCAATTGGTGCACTCTCGEECAGCATTGGETGCAG
Alkb8 GCTGGGEAGTCTCTGACT CTCTCCTETGCAGCCTCTIGEA
CGCACCTTARGTGCCTATATCATGEEITGETTCCGUCAG
GCTCCAGGCAAGGAGUGGGAGTTTGTAGCCGGTATCTGG
AGTGGTGETTACACACACCTTGCAGACTCCECGRAGGGC
CGATTCAGCATCTCTAGAGACARCGCCAAGARACACTGTA
TATCTGCAAATGAACGGCCTGAMCCTGAGGACACGGCC
GTCTATTACTGTGCAGCAGGTCTCGAGAGGUCGCCAGTAT
AGTAACTGCCECCACGEGACCCAGGT CACGGTCTCCTCA
GGAGGTGGECGEETCCGBAGGCGCATCCGAGGTACAGCTG
GTGGAGTCTGEEGETGGCTIGETGCAACCGGETAACART
CTGCGCCTTAGCTCCGCAGCGTCTGGCTTTACCTTCAGC
TCCTITGGCATGAGCTGGCTTCGCCAGECTCCGGGARAR
GGACTGGAATCGCCTTTCGTCTATTAGCGGCAGTEGTAGT
CATACGUTCTACGCCGACTCCGTGAAGGGCCGTTTCACC
ATCTCCCGCGATAACGCCARRACTACACTGTATCTGCAL
ATGARTAGCCTCGCGTCCTGARGACACGECCETTTATTAC
TOTACTATIGGTGGCTCGTTANGCCGTTCTTCACAGGAT
ACCCTGGETCACCGTCTCCTCA

0BAQOE-2GS~ 75 GAGGTGCAATTCOTGGAGTUTGGGGCEAGGATTGETGCAG
Albg GCTGGGCACTCTCTGAGACTCTCCTGTECAGCCTCTGGA

CTCACTTTCAGTAACTATGACATGEGUTGETTCCGCUAG
GCTCCACGCGGAACGGAGCETGAATTTCTAGGEECTAGTICG
TGGAGTCGETGETGCCCCATACTATTCAGACTCCOTGAAG
GGCCGATTCACCATCTCCACAGACAACGCCAAGARACALG
GUIGTATCTGCARGCGAACAGCCTGAGACCTGAGGACACS
GCCGTTTATTACTGTGCAGCCARAAGCUUTGCGETAGTTTC
GCUTCCCETGGETCETATGATTACTGEEGETCAGGGGACT
CAGGTCACGETCTCCTCAGEAGETGGBCEGETCCGCGAGET
GGATCCGAGGTACAGCTGHTGGAGTCTCGEGEETGGCTTG
GTGCAACCOGGTAACAGTCTGUGCOTTAGUTGUGCAGCE
TCTGGCTTTACCTTCAGCTCCTTTGGCATGAGCTGEGTT
CGCCAGGCTCCGEGARAANGEACTGGAATGGETTTCGTCT
ATTAGCGGCAGTGGTAGCCATACGCTCTACGCGEACTCC
GTGARGGGCCGTTTCACCATCTCCCACGATARCGCCARA
ACTACACTGTATCTGCAAATGAATAGCCTGUGTCCTGAR
GACACCGCCGTTITATTACTGTACTATTGGTEGUTCGTTA
AGCCGTTCTTCACAGGGETACCCTCGTCACCGTCICCTCA

08A10-9CS- 75 GAGGTGCAATTGGTGCEAGTCTGGGGGAGECTTGETGCAL
Alb8 GUTGGAGGOTCTICTGACGACTCTCCTETGCAGCTTCTGEGA
AGCATCTTCAGTATCGCTGCCATGGGCTGETACTGCCAR
GUTACAGGGAAGCAGCGCGACTIGEGTCGCAACTATCACT
GATGGCGETACGACRACCTATGCAGACTCCGTGAAGEGET
CGAGTCACCATCTCCAGGGACAGGETCIGCGARCACGGETCG
TATCTGGCAATGARCAATTTGRAACCYGATGACACAGCC
GTCTATTATTGTTATGCGTATCTGCGCTATACAAGCAGA
GTACCTGGCGATAACTACTEGGECCACGGGACCCAGRTC
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ACGGTCTCOTCAGCGACGTGECGGEGETCCGGAGGCGGATCC
GAGGTACAGCTGGTGRAGTCTGEEEGTGECTTGETGCAA
CCGGGTAACAGTCTGCGCCTTACGCTGCGCAGCGETCTGGL
TTTACCTTCAGCTCCTTTGCCATCAGOTGGETTCGCCAC
GCTCCGGEAARAGGACTGGAATCGETTTCOTCTATTAGT
GGCACTGGTAGCGATACCCTCTACGCGGACTCCGTGRAG
GGCCGTTTCACCATCTCCCGCGATAACGCCAAMACTACA
CTGTATCTGCAAATGAATAGCCTGCGTCCTRGAACGACADG
GCCGTTTATTACTGTACTATTGCTGGCTCGTTAAGCCGT
TCTTCACAGGGTACCCTGGTCACCGTCTCCTCA

14G03-8G5- 77 GAGGTGCAATTOGIGEAGTCTGCGEGAGGCTTGETGLAG
Albs CCTGGGEGETCTCTGACGARATTTCCTGTGCAGCCTCTGEA

AGUATCTACCTTATCAATTACATGRGUTGETACCGECOAG
GCTCCAGCGCARGCAGCGCCGAGTTGETCGCARCGCTTALT
AGTGGTCGETACTACCAACTATGCAGGCTCCGTGAAGGGT
COATTCCCCATCTCCAGAGACARCGLCAAGAACACGETT
TATCTGCAAATCGAACAGCCTCGARACCTCAGEACACGCECC
GTCTATTACTCTAATATAGGAGCGARCGCTATACGACAGA
AGCGCGGETTTCGAATCCTGGGECCAGGCGACCCAGGTCACG
GTCYCCTCAGGAGGTGECGEGTCCGEAGGLGGATCCGAG
GTACAGCTGGTGGAGT CTGEGGETOCECTTGETGIAACCG
GGTAACAGTCTGCGCCTTAGCTCGCGCAGCETCTGGLTTT
ACCTTCAGCTCOCTTTCGCATGAGCTGGGTTCGCCAGECT
CCGEGAARAGGACTGEAATSEGTTTCETCTATTAGIGGC
AGTGCTAGCGATACGCTCTACGUGEGACTCOGTGARAGEEC
CGTTTCACCATCTCCCOGUGATARACGCCARAACTACACTG
TATCTGCAMATGAATAGCCTGCGTCCTGAAGACACGGCC
GTTTATTACTGTACTATTGETGECTCGTTARGCCETTCT
TCACARGGGTACCCTGCTCACCGTCTICCTCA

Example 1: Cloning

Human CXCR7 (hCXCR7), mouse CXCRY {Open Biosystems) and cynomolgus encoding cDNA {Table B-
1) were cloned into pVAX-1 {invitrogen} and/or pCDNA3.1 {invitrogen). Transfection of pVAXI-
hCXCRT and pCDNA3. -human{mouse{cyno}CXCR7 constructs in Hek293 cells resulted in CXCRY cell
surface expression as shown by FACS analysis using the human CXCR7 specific monoclonal antibody
(Mab) 11G8 (R&D Systems) and a PE-labeled goat anti-mouse 1gG detecting antibody (Jackson

ImmunoResearch Inc.).

Example 2: Immunizations

For genetic immunization, endotoxin-free pVAX1-CXCR7 plasmid was produced, dissolved to a
concentration of 2 mg/mL in 0.9% saline and stored at -20°C. Four Hamas {391, 395, 396 and 397}
were immunized with 2 mg pVAX1-hCXCR7 via intradermal Jet injection (Akra Dermolet France) for
four times with two weeks intervals. Three weeks after the final DNA immunization, the 4 animals
received a boost with camel kidney (CAKH) cells {Nguyen et al. 2001, Adv. Immunol. 79: 261-296) {2 x
107 cells) stably expressing hCXCR7.
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Three llamas (385, 387 and 404) were immunized with four injections of 2 x 107 HEK293 cells
transfected with pCDONAS.1-hCXCR7 with two weeks intervals. From Hamas 391, 395, 396 and 397,
peripherat blood lymphocytes were collected 4 days and 10 days after the last DNA immunization
and 3 days and 9 days after the cell boost. From llamas 385, 387 and 404, peripheral blood
lymphocytes were collected 4 and 8 days after the final cell injection. Additionally, a biopsy of the
salpable bow lymph node {LN} was collected from each llama via local surgery 3 days after the last
cell boost. From all lymphocyte harboring immune tissues total RMA was extracted and used as

template to prepare cDNA.

Example 3: Library construction

Libraries were constructed from immune tissues collected from all llamas. In short, ¢cDNA was
prepared from the extracted total RNA samples {example 2} and used to amplify the cDNA repertoire
via nested PCR as previously described (WO 02/085945 and WO 04/049794). The PCR products were
digested with Sfit {introduced via nested PCR in the FR1 primer region) and Bs#Ell (restriction site
naturally occurring in FR4) and following gel electrophoresis, the DNA fragment of approximately 400
bps was purified from gel. The amplified cDNA repertoire was ligated intc the corresponding
restriction sites of Sfil- BstEll digested phage display vector {pAX50) to obtain a library after
electroporation of Escherichia coli TGL. This display vector allows the production of phage particles,
axpressing the individual VHHs {(hereinforth also referred to as Nanobodies) as a fusion protein with a

C-terminal Myc-Hisé-tag (hereinforth also TAG-1 or SEQ ID NO: 71} and with the genelll product.

Libraries were rescued by growing the bacteria to logarithmic phase {ODgy= 0.5), followed by
infection with helper phage to obtain recombinant phage expressing the cloned Nanochodies on tip of

the phage as a plll fusion protein. Phage was stored after filter sterilization at 4°C for further use.

Example 4: Selections of phage displaying human CHCRY binding Nancbodiss
Phage from the above libraries were used for selections on hCXCRY virus-like particles (VLP; Integral
Molecular), intact CXCR7 expressing cells, membrane extracts from CXCR7 expressing cells and

peptides.

in a first selection round, 10 units of VLPs derived from hCXCR7 transfected HEK293 cells were
coated in 96-well Maxisorp plate {Nunc) and blocked with low-fat milk powder {Marvell 4% in PBS}
After 2 hours of incubation with rescued phage, trypsin elution {1 mg/mi) was aliowed for 15 minutes
at ropm femperature subsequent to 20 PBS washes. Protease activity was immediately neutralized
by applying 16 mM protease inhibitor ABSF. The round 1 phage outputs were rescued and a second

selection round was performed on 10 or 1 units of plate-immabilized hCXCRY VLPs. The round 2
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phage outputs selected on 10 or 1 units plate immobilized hCXCR7 VLPs were infected into TGI cells

and plated on agar plates (LB + Amp + 2% glucose).

Individual colonies of £. coli TG1 infected with the eluted phage pools obtained after selections were
picked up and grown in Sb-deep-well plates to produce monoclonal phage after addition of helper
phage. The production of monoclonal Nanobodies was induced by the addition of isopropyi-b-D-
thiogalactopyranoside {IPTG). The perisplasmic fraction containing Nancbodies was then prepared by
freezing-thawing of the bacterial pellet in PBS and subseqguent centrifugation to remove cell

fragments.

Example 5: ldentification of CXCR7 specific Nanobodies by phage ELISA,

From all round 2 selection outputs clones were screened in phage ELISA on 2 units of immobilized
CXCR7 VLPs applying 10-fold dilutions of phage supernatant. After incubation with HRP-conjugated
monoclonal-anti-M13 antibody (GE, Cath 363761} and several washings, phage binding was revealed
using TMB substrate (Plerce}). The reaction was stopped with H;80, and the absorbance was
measured at 450 nm using Sunrise TECAN spectrophotometer (TECAN). Nanobodies, showing a
minimally 2-fold increased ELISA signal on hCXCR7 VLPs over non-transfected control VLPs, were
considered to be CXCR7 specific. CXCR7 specific Nanobodies were sequenced and redundant
Nanobhodies {identical AA sequence) were removed, This resulted in the identification of 73 unique
sequences, belonging to 45 distingt Nanobody B-cell lineages. Phage ELISA data for representative
clones from distinct Nanobody B-celi lineages are represented in Table B-7 and indicate that the
Nanohodies do bind to human CXCR7 on VLP. Notably, all Nanobodies were derived from PBLs after
cell boost, except for Nanobody 01C10 {see Example 2. Evaluated against the other CXCR7 specific
Nanobodies, Nanobody 01C10 was a notorious weak binder, which in first instance was used for

comparative reasons [data not shown).
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Table B-7: CHCR7 screening results-ELISA,
8 %
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G8A05 0.019 0.008 2.4
O8AL0 0.104 0.006 17.3
14G03 £0.316 0.043 7.3
o8l 0.041 0.010 4.1
g7Co3 0.053 0.012 4.4
01C10 0.145 0.034 4.2

Example 6: ldentification of CXCR7 specific Nanobaodies by FACS analysis.

Clones representing distinct Nanobody B-cell lineages were tested as periplasmic extracts for their
binding to cell surface exposed CXCR7. In this assay, 5-fold dilutions of periplasmic extract were
incubated with Hek293 hCXCR7 and Hek293wt cells. Binding of the Nanobodies was detected using
mouse anti-myc (Serotec), followed by anti-mouse 1gG-PE (lackson Immununoresearch). Binding
signals of selected Nanobody clones {mcf values and ratios of binding} are represented in Table B-8

and indicate that the Nanobodies do bind to cellular human CXCR7.
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Tahle B-8: CXCR7 screening results-FACS analysis.

<
[a'd
£
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% 5 ::f %
$ E 5 % T
8 EE 1 E % 3
= b x = 2
08A05 14 396 | 18621 310 60.1
0BA10 20 397 | 27411 322 85.1
14G03 23 385 | 45811 381 1202
0TB1L 34 395 | 42877 383 1102
07C03 37 391 | 23359 319 73.2
01C10 1 395 | Nodata

Example 7: Expression of CHCR7 specific Nanobodies.

Selected Nanobodies were recloned in £, coli expression vector pAX100 and expressed as C-terminal
linked myc, His6 (hereforth also Tag-2 or SEQ D NO: 72) -tagged proteins. Various Nanobodies were
also expressed as fusion proteins comprising Alb8 (Nanobody-linker-Alb8-myc-His6) {see sequences
SEQ 1D NOs: 44 to 48 ~ Table B-4}) or as tagless Nanobodies, Expression was induced by IPTG and
allowed to continue for 4h at 37°C. After spinning the cell cultures, periplasmic extracts were
prepared by freeze-thawing the pellets. Nanobodies were purified from these extracts using

immobilized metal affinity chromatography {IMAC) and a buffer exchange to D-PBS.

Example 8: Binding FACS analysis of CHCR7 specific Nanobadies.

Serial dilutions of purified proteins {concentration range: 400 nM - 180 pM) were incubated with
stable HEK-CXCR7 cells for 30 min at 4°C and binding was detected using anti-miouse anti-myc
{Serotec) and anti-mouse 1gG-PE {lackson Imumunoresearch). The half maximal effective
concentration (EC50) values and upper plateau levels of selected clones are depicted in Table 8-9.
These data confirm the screening data and underscore that the indicated Nanobodies bind to celiular

human CXCRY.
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Table B-9: Binding FACS analysis

T

S £
E o :
; ) o

& @ 8 ke
& b o] B
GRADS 8.9 28474
08A10 11.9 34896
14G03 10.2 23807
07811 305 24898
07C03 33 33113
ficip No data | No data

Example 9: Nanobodies compete with SDF-1 for CHCR7 binding {displacement assay)

In order to assess the competition capacity, MNanobodies were evaluated in SDF-1 ligand
displacement assays using stable NIH3T3-hCXCR7 cells. 24h after seeding the cells, the cells were pre-
incubated for 1 h at 4°C with a dilution series of purified monovalent Nanobodies and the
corresponding C-terminal Tag-2 tagged fusion proteins to the human serum albumin binding
Manchody Alb8 {see Table B-4: SEQ ID NOs 44 to 48 wherein the polypeptides are all C-terminal
tagged with Tag-2}. Also reference molecules Mab 8F11 (Biolegend), Mab 11G8 (R&D} and unlabetled
SDF-1 were inciuded in the assay. Radiolabeled [1-CXCL12 was diluted and added 1o the cells to
reach a final concentration of 75 pM and cells were incubated for 3 h at 4°C. After incubation, cells

were washed twice, lysed with RIPA buffer and the **

{ signal was measured. Average I values and
the percentage of displacement relative to the displacement of cold SDF-1, are shown in Table B-10.
The competition of tested Nanobodies of Group 1 and Mab 8F11 is between 73 and 83%, relative to
competition with unlabelled SDF-1. This fevel of displacement correspond to a 100% blocking of the
CXCRT protein, as the remaining SDF-1 binding is believed not to be CXCR7 mediated, but due to the
SDF-1 interaction with heparin sulfate proteoglycans. Fusion to the human serum albumin-binding

Nanocbody Alb8 has no significant effect an Kivalues.
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Table 8-10: Displacement assay
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D8AOS 13.6 77 8 2.5 6.4
08A05-9GS5-AlRS 17.5 i1
08410 12.1 75 8 1.8 3.3
08AL0-9G5-AlLS 14.1 1
14G03 3.0 73 6 0.6 3.3
14G03-9GS-AlbE 3.5 1
07811 96.1 75 2 1.3 1.5
07B811-9G5-Alb8 82.4 1
07co3 12.2 78 2 6.6 15.0
07C03-9G5-AlbE 10.2 1
01C10 20.7 31 3 10.7 15.5
SDF-1 0.121 100 15 0.019 0.0
Mab 11G8 4.4 24 3 2.7 2.0
Mab 8F11 5.9 73 & 2.4 41

Example 10: Nanobodies compete with SDF-1 for CXCR7 binding (FALS assay)

The potency of Nancbody 07C03 and Mab 8F11 (Biolegend) to compete with SDF-1 was evaluated in
competition FACS with HEK-hCXCR7 cells. Cells were incubated simultanecusly with 4 nM
biotinylated SDF-1 (R&D) and with diluted test molecules, for 2 h at 4°C. Binding of biotinylated SDF-1
was detected using streptavidin-PE. Competition curves are depicted in Figure 1. In this assay, Mab
8F11 and 07C03 competition is complete (>95%), relative 10 competition with unlabelled SDF-1,

underscoring the complete inhibition of the SDF-1-CXCR7 interaction,

Example 11: Epitope mapping

The minimal epitope of Mab 11GB is known to be F145DISWP20 located at the CXCR7 N-terminus
[see e.g., WO2008/048519). Cells were incubated simultanecusly with 20 nM Mab 11G8 APC {R&D)
and with diluted test molecules for 2 h at 4°C. Competition curves are depicted at Figure 2. The level

of competition with Mab 11G8 APC ranges from ~20 to 100%, suggesting that the respective
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Nanohody epitopes match to a high degree (high % of competition) with the Mab 11G8 epitope or to
a low degree (low % of competition} or induce allosteric changes affecting the Mab 11G8 binding.
These data indicate that the selected Nanobodies bind to divergent, but probably overlapping

gpitopes,

Nanobodies 08405, 08A10, 07C03, 07811, 01C10 and 14G03, Mab 8F11 (Biolegend), Mab 11G8
{R&D) and Mab 9C4 (MBL} were further tested for competition with Alexab47-labelled 14G03 in FACS
analysis. Mancbodies 08A05, 08A10, 07C03, 07811, Mab 8F11, Mab 11G8 and Mab 2C4 compete
with 14G03 binding to CXCR7, while 01C10 does not, suggesting that 01C10 hits an epitope distinct

from the epitope(s) hit by the other selected Nanobodies,

fn a third approach, Nanobodies were tested for their binding to a set of 10 point mutants of CXCR7
{S9A, F14Y, I17L, S1BN, W18A, 523G, D25A, V324, M33Q, N36T}, which yielded information on the
individuat Nanohody epitopes. For Manchedies 08ADS, 08A10, 07C03, 07811 and 14G03, the epitope
included residue M33, while that of 01C10 did not. The binding of 01C10 (and 07811} was affected by
the W19A mutation, while this mutation did not affect the binding of 08405, 08A10, 07C03 and
14G03. Again, these data indicate that 01C10 hits a distinct epitope.

Example 12: Mouse/Cyno cross-reactivity

HEK293 cells transfected respectively with pCDNA3.1-hCXCR7 and pCDNA3.1-mCXCR7 were used to
test cross-reactive binding of Nanobodies to mouse CXCR7 in FACS analysis. Cells were incubated
with 32 nM Mab 11G8 (R&D), Mab 9C4 (MBL), Mab 8F11 (Biclegend) or with 800 nM Nanohody for 2
h at 4°C. Nancbhody binding was detected using mouse anti-myc (Serotec) and anti-mouse JgG-PE
{lackson immunoresearch} and Mab hinding by goat anti-mouse IgG-PE {fackson Immunoresearch},
Nanobodies 0BA10, 14G03, 07B11 and Mab9C4 are not cross-reactive to mouse CXCR7, Nanobodies
(08A05 and 07C03 are partially cross-reactive with mouse CXCR7 and Mab 8F11, Mab 11G8 and
01C10 are cross-reactive with mouse CXCR7 (Table B-11}.

Cross-reactive binding to cynomolgus CXCR7 was assessed in the same way, Nanobodies 08410,
14G03, 07811, 08A05, 07C03, 01C10 and Mab 9C4, Mab 8F11 and Mab 11G8 are all cross-reactive to
cynomolgus CXCR7 (Table B-11).
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Table B-11: Cross-reactivity to mouse CHCRT
Z
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ficio i 395 Yes Yes
08405 14 396 Partial Yes
OBALO 20 397 No Yes
14G03 23 385 No Yes
07811 34 395 No Yes
07003 37 391 Partial Yes
Mab 8F11 Yes Yes
Mab 1168 Yes Yas
Mab 8C4 No Yes

Example 13: Construction of bivalent and trivalent Nanobodies

Bivalent Nanobodies were constructed with ane N-terminal CXCR7-specific building block {either
01C10, 14603, UBADS, UBALD or 07C0O3 but also even less potent building blocks like 08C02, 01C07,
01004, which were not listad in the examples above} and a C-terminal human serum albumin {HSA)-
specific building block {ALB8), providing the Nanchodies with an extended half-life in vivo. Trivalent
Nanobodies consisted of one more CXCR7-specific bullding block in order to improve the potency
and efficacy of the Nanobody to displace SDF-1 from the receptor. Bivalent and trivalent Nanobodies

were expressed with Tag-2 extension in Pichia.

Example 14: Competition with SDF-1 binding to CXCR7of bivalent and trivalent Nanobodies

Bivalent and trivalent Nanobodies were screened in the SDF-1 displacement assay as described in
Example 9. Samples were incubated in the presence or absence of HSA to estimate the effect of HSA
hinding to the Nanohodies during the assay. While potencies of bivalent Nancbodies were
dramatically lowered in the presence of HSA, they are much better conserved for trivalent

Nanobodies {Table B-12}.
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Table B-12: competition with SDF-1 binding to CXCRY of bivalent and trivalent Nanobodies
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033 14G03-35G5-07C03-9GS5-ALBS 0.82 1.74
3% 14G03-35G5-140G03-5GS-ALBS 0.95 4,7
036 14G03-35GS-08C02-9GS-ALB8 1.34 6.19
032 14G03-35G5-08A05-9GS-ALBS 1.51 5.93
026 07C03-35GS-14G032-9GS-ALBS 1.75 33.03
034 14G03-35GS-07811-9GS-ALBS 1.80 6.93
028 07C03-35G5-01C10-9GS-ALB3 2.2 ND
037 14G03-35GS-01C07-9GS-ALBS 2.28 4.48
013* 14G03-9GS-ALBE 3.1 311
455 01C10-35GS-01C10-9G5-ALBS 342 ND
038 14G03-35G5-01C10-9GS-ALBS 3.47 5.85
052 0IC10-35G5-14G03-9GS-ALBE 3.65 6.32
Q48 01C10-35G5-08A05-9GS-ALBS 372 ND
018 08A10-35GS-14G03-9GS-ALBR 4.07 ND
053 01C10-35GS5-08C02-9GS-ALBS 4.15 ND
48 01C10-35G5-08A10-9GS-ALBS 487 ND
(50 01C10-35GS-07C03-9G5-ALB8 6.945 ND
025 07C03-35G5-07C03-9GS-ALBS 7.91 ND
o9 07C03-9GS-ALBS 9.50 66.59
056 01004-35GS5-14G03-8G5-ALBS ND 182.2¢
Bab 8F11 10.8

>

[y

* bears tag-2

Exarmple 15: Inhibition of B-arrestin recruitment of bivalent and trivalent Manchodies

The PathHunter eXpress B-arrestin assay {DiscoverX] was used to assess the antagonistic effect of
trivalent Nanobodies on recruitment of B-arrestin. A panel of 37 trivalent Nanobodies (clones} was
screened at a 100 nM concentration in the assay. Results are ranked in Table B-13 on the basis of
efficiency of inhibition, The most efficient trivalent molecules constitute combinations with 01C10,
the Nanobody that hits a distinct epitope {cf. Example 11}. These Nanobodies (clones) can bind in a

double mode to one (XCR7 monomer.

Based on the foregoing results, the Nanobodies may be classified into 3 groups:
- Group 1: represented by 01010, apparently hitting an epitope distinct from Group 2;
- Group 2: represented by 14G03, 08A05, 08A10 and 07C03, apparently hitting an epitope distinct

from Group 1; and
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- Group 3: represented by 07811, apparently intermediary to Group 1 and Group 2.

Although Manobodies of Group 2 (and Group 3} either monovalently or bivalently demonstrate
superior binding and competition characteristics than the corresponding Nanobodiss of Group 1,
MNanobodies of Group 1 combined with Nanobodies of Group 2 gave wholly unexpectedly the best

results in the B-arrestin recruitment assay.

Table B-13: Inhibition of B-arrestin recruitrent of bivalent and trivalent Nanohodies

HE B
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038 14G03-35G5-01C10-9G5-ALBE 54.1
052 01CL0-35G5-14G03-5G5-ALBS 93.7
021 08A10-35G5-01C10-9GS5-ALBSR 89.%
023 08A05-35GS-01C10-9GS5-ALBS 92.8
049 01C10-35GS-08A05-9GS-ALBS 59.3
022 08AD5-35GS-07C03-9GS-ALBR 88.9
5% 08A10-35GS5-08A05-9GS-ALE8 27.8
060 08AD5-35GS5-08A05-9GS-ALBE B86.5
032 14G03-35GS-08A05-9G5-ALBE 76.9
048 01C10-35G5-08A10-9G5-ALBS 76.6
028 07B11-35GS-08A05-9GS-ALBE 73.8
18 08A10-35GS-14G03-9GS-ALBE 68.1
244 01C07-35G5-08A05-9G5-ALBR 66.1
020 0BA10-35GS-02C08-9GS-ALBS 62.1
019 08A10-35GS-08C02-9G5-ALB8 61.6
028 07C03-35GS5-01C10-9G5-ALB8 60.6
053 01C10-35G5-08C02-9GS-ALBS 58.8
061 0BAD5-35G5-02C08-9G5-ALBS 58.6
025 07C03-3565-07C03-8G5-ALBS R4.5
027 07C03-35GS5-02C08-9GS-ALBS 49.3
034 14G03-35GS-07811-9G5-ALRE 43.5
050 QIC10-35GS-07C03-9G5-ALBE 41.8
033 14G03-35G5-07C03-9G5-ALB8 41.2
026 07C03-35G5-14G03-9GS-ALBS 35.2
037 14G03-35GS5-01C07-9G5-ALE8 34.0
065 02C08-35GS-08C02-5G5-ALBE 313
046 02C08-35G5-07B11-9G5-ALBS 29.6
051 01C10-35G5-07B11-9GS-ALBR 28.3
o557 07811-35G5-14G03-9GS-ALBY 260
063 01C07-35GS-08C02-9GS-ALBS 258
035 14G03-35GS5-14G03-9GS-ALBS 249
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14G03-35G5-08C02-9GS-ALBE
07811-35G5-01C10-9GS-ALBS
01C10-35GS-01C10-9GS-ALBS
(01D04-35G5-14G03-9GS-ALBS
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i 22.0

-8.5
-51.3

Examnple 16: Optimization of bivalent and trivalent Nanobodies

Selected bivalent and trivalent Nanobodies were further characterized in the B-arrestin recruitment

assay and potencies were assessed. The assay was run in the presence and absence of HSA to

estimate the effect of HSA binding to the Nanobody during the assay. Longer linkers preceding the

ALBB building block were evaluated to minimize sterical interference of HSA binding to the Nanobody

{Table 8-14),

Table B-14: Optimization of bivalent and trivalent Nanohodies
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033 14G03-356G5-01C10-9GS-ALBE 3.28 18.38
052 01C10-35G5-14G03-9GS-ALBS 18.3 86.8
G55 01C10-35G5-01C10-9G5-ALB8 no antagonism no antagonism
056 01D04-35G5-14G03-5GS-ALBE no antagonism no antagonism
068 07C03-SGS-ALBS 279.6 inefficient
antagonism
069 08A05-9GS-ALBS 120.2 Inefficient
antagonism
077 14G03-9GS-ALBS mefﬁmerjt meffu:te{lt
antagonism antagonism
081 07C03-30GS-ALBR 296.9 Inefficient
antagonism
082  14GO3-30GS-ALBS 578 inefficient
antagomsm
083 (O8AQ5-30GS-ALBE 45.45 179.1
(84 14G03-35GS5-01C10-35G5-ALBR 6.3 10,0

Example 17: Characterization of tagless Nanobodies

To exclude any influence of Tag-3 on Nanobody potencies, selected Nanobodies were expressed

without Tag-3 and characterized in both the B-arrestin recruitment assay and in the SDF-1
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competition FACS in the presence of 2mg/ml HSA (further essentially as described in Example 10) and
potencies were assessed [Table B-15 and Figure 8). Constructs comprising "Group 2 1SVD" - "Group 2
BYDY {represented by e.g. clone 086) and constructs comprising "Group 2 1SVD " - "Group 1 15VD"
{represented by e.g., clone 085) are more efficacious in SDF-1 displacement than constructs
comprising "Group 1 1SVD" - "Group 1 I1SVD" {represented by e.g, clone 093}. Competition with
constructs comprising "Group 1 ISVD" - "Group 1 1SVD" {represented by e.g., clone 093) is less

effective.

These data corroborate the radioligand competition assays, in which the monovalent 01C10 was

tested {(cf. Table B-10: 31% for 01C10}.

Thus, Group 2 ISVDs are excellent SDF-1 displacers.

Takle B-15: Characterization of tagless Nanobodies
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085 14G03-3565-01C10-35G5-ALR8 4.35 22.31 7.83
086 14G03-35G5-07C03-9GS-ALBS weak antagonism  no antagonism | 5.02
093 01C10-35GS-01C10-35GS-ALBS no antagonism no antagonism 20.6
Mab 8F11 12.8 34.8 34.2

Examiple 18: immunohistochemical analysis of CXCR7 expression in primary tumor sectlons

Tumor sections that were analyzed for CXCR7 expression originated from human primary tumeors of
variable cancer types that had been passaged one time in nude mice. Paraffin embedded tumors
were cul into 5 um sections {with a Leica RM 2135 microtome), dried, dewaxed and stained with
hematoxylin and eosin. Thereafter, one representative region was marked on these tumor sections
50 that a 1 mm diameter cone for assembling the Tissue Micro Array (TMA} could be punched out.
The TMA was then prepared according to Mirlacher and Storz using a Beecher Instruments Micro
Tissuearrayer (Mirlacher M. and Storz M., 2000, Gewebe-Chips flir die molekulare Untersuchung von
Tumaoren, Labmed., 293-297). Array sections were cut using the Instrumedics Sectioning Aid System

and specifically coated using “Starfrost” slides,

immunohistochemical staining of CXCR7-expressing tissue was performed as follows: (1) paraffin was

removed from the tissue, tissues were dehydrated and washed; (2} endogenous peroxidase was
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inactivated by addition of 3% H202 in distilied water; (3) the specimen was dried upon washing; (4)
unspecific binding was biocked by 10% BSA in PBS; {5} the anti-human/mouse CXCR7 monoclonal
antibody (Biclegend, clone Mab 8F11) or an isotype control antibody (Biolegend, 1gG2b) was
incubated at a concentration of 25 pg/mbi and subsequently the tissue was washed; (6) the
secondary antibody goat anti-mouse biotinylated 1gG (lacksonimmunoResearch) was incubated at a
final concentration of 2.8 pg/mi and the tissue was washed afterwards; (7) the detection was
performed with the ABC solution and peroxidase substrate of the Vectastain ABC kit {Vector), each
step followed by a washing step; {8) counterstaining with hematoxylin and (8} dehvdration of the

tissue,

The TMA (17C tumor models) was evaluated semi-quantitatively using a Zeiss Axiovert 35
microscope. Photographs were taken with a Zeiss AwioCam MRc camera. All tumor samples were
evaluated in duplicate. Staining was interpreted based on the proportion of positively-stained cells as
well as on the signal intensity. Samples were grouped in the following categories: 0, no staining

{antigen absent); 1, weak staining; 2, moderate staining; 3, strong stalning.

Figure 3 gives an overview of the scores assigned to the different tumor types. A high CXCR7
expression {score = 3} in at least one of the two tissue patches was found in 55 out of the 170 tumors
tested (= 32.4%]. Nine tumors did not show any CXCR7 expression {staining score = D) and for the
rest of the xenograft tissues a weak or intermediate expression (scores 1 and 2) was found. Notably,
the majority of colon cancer tumors {19 out of 23 or 82.6%) and gastric cancer tumors {8 out of 12 or
B6.7%) displayed no or only weak staining with a score of £ 1, whereas all of the head and neck
cancer tumors {7 cut of 7 or 100%) tested showed a relatively high CXCR7 expression with a score of
z 2. In the other histotypes, however, CXCR7 staining was highly variahle between the individual

fumor models.

For some tumor samples, staining intensity was confirmed on whole tumor sections,

Example 19: CXCR7 Nanobodies reduce head and neck cancer xenograft tumour growth in vivo
181 Materials and Methods

15.1.1 Celllines.

Cell line UM-SCC-11B {11B} was cultured from a biopsy of a primary laryngeal cancer, after the
patient got chemotherapy. Cell line UM-SCC-22A (22A) was derived from a primary squamous cell
carcinoma of the oropharynx. Cell line UM-SCC-22B (22B} was derived from a metastatic squamous
cell carcinoma of the oropharynx. The human head and neck squamous cell carcinoma (HNSCC) cell

fines FaDu and HNX-OE have been described earlier {Hermsen et al., {1996) "Centromeric breakage
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as a major cause of cytogenetic abnormalities in oral squamous cell carcinoma" Genes Chromosemes
Cancer 15:1-9; Ranger (1972} "A new human cell line {FaDu) from & hypopharyngeal carcinoma”
Cancer 29:117~121). The HNX-OE and 93-VU-1477 celi lines were established at Vrije Universiteit
Amsterdam {Hermsen et al. ibid), whereas the FaDu line was cbtained from Karl-Heinz Heider

{Boehringer Ingelheim Austria),

19.1.2 Quantitative RT-PCR analysis.

Total RNA was extracted from head and neck cancer cell lines with the RNeasy kit from Qiagen
according to the manufacturer protocol. Messenger (m)RNA was converted info ¢DNA using the
BioRad Script cDNA synthesis kit. Subsequently, mRNA expression levels were detected with
SyberGreen {BioRad} using CXCR7 and B-actin-specific primers from Origene. CXCR7 axpression levels

were normalized against those of B-actin to allow comparison of the different cell lines.

19.1.3 Radioligand binding.

Head and neck cancer cell lines were seeded on poly-L-lysine-coated 96-well plates and grown
gvernight. The following day, binding buffer (50 mM Hepes pH 7.4, 1 mM Call,, 5 mM MgCl, 0.1 M
NaCl} supplemented with 0.5 % BSA was added to the cells in the absence or presence of either
chemokine {107 M) or CXCR7-specific Nanobody A4 {10° M). Subseguently, radiolabelled [1}-
CXCL12 (Perkin-Fimer) was added to reach a final concentration of 75 pM. Cells were incubated for 3
h at 4°C, washed twice with binding buffer containing 0.5 M NaC(l. After harvesting the samples with

lysis buffer, the remaining cell-bound radicactivity was counted.

19.1.4 Animal experiment.

All animal experiments were conducted according to the NIH principles of laboratory animal care and
Dutch national faw {"Wet op de Dierproeven” (Sth 1985, 338)], approved by the
Dierexperimentencommissie from the VU University Medical Center and performed in compliance
with the protocol FaCh 10-01. Head and neck cancer cells 22A were injected s.c. in the flanks of 8- to
10-week old female donor nude mice (Hsd, athymic nu/nu, Harlan laboratories). Xenograft tumors
were grown 1o a size of 200-500 mm°, and were subsequently excised, cut in smaller pieces of equal
size and transplanted s.c. in the flanks of recipient nude mice. When transplanted tumors properly
engrafted, mice were injected i.p. bi-weekly with either PBS, or 1 mg bivalent Nanobody or 1.5 mg

trivalent Nanobody.
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19.2  RBesults

18.2.2 mBNA expression of CXCR7.

Head and neck cancer cell lines were first tested for CXCR7 mRNA expression. Out of 6 cell lines
tested, 4 cell lines showed mRNA expression of CXCR7, namely 224, 22B, OF and 93-VU-147 cell lines

{Figure 43,

19.2.2 Protein expression of CACR7.

CXCR7 mRNA is expressed in a wide range of tissues in humans, However, mRNA expression does not
always correlate with cell surface expression of the protein. Therefore, in order to further assess the
presence of CXCR7 protein, protein expression of CXCR7 was confirmed in a ["*1]-CXCL12 radioligand
binding assay. CXCR7-specific expression was determined by displacing the radiocligand with the cold
chemokines CXCLI2 and CXCL1L, but not CXCL10. Additionally, the monovalent Nanobody 09A04
displaced [**1]-CXCL12 to a similar extent than CXCL11 and CXCL12 (Figure 5).

These data confirmed that mRNA and protein CXCR7 were expressed in 4 head and neck cancer cell

lines.

19.2.3 CXCR7 Nanohodies are able to inhibit tumour growth.

CXCR7-expressing cell lines were used in a xenograft mode! in vivo where tumour growth was
measured. The 22A cell line was chosen as xenograft tumour mode! since nude mice s.c. injected
with 2 x 10° cells per flank allowed for xenograft tumor formation. Next, to ensure that mice from
different groups {treated vs. non-treated} presented similar initial tumour sizes for the therapy
experiment, we performed tumour transplantation. First, donor nude mice were initially injected
with 2 x 10° 22A cells s.c. in their flanks. Tumours were grown to a size of 200-500 mm’ and
subsequently extracted, cut in smaller pieces of equal size, and transplanted s.c. in recipient nude
mice. When engrafted tumours started growing, mice were randomly distributed into five groups
that were injected bi-weekly with 400 ul PBS without or with Nanobodies. The constructs tested for
therapy were clone 060, clone 083, clone 085 and clone 093, Bivalent and trivalent Nanobodies were
dosed at 1 and 1.5 mg per injection, respectively. Over a period of 50 days of therapy, the control
{PBS] and clone 060 and clone 083 groups grew tumors to a similar extent (no significant different
sizes){Figure 6). Mice treated with clone 085 and clone 093 displayed a slower tumour growth and
significant smaller size compared to PBS-injected mice af the end of the therapy experiment {tumour

volumes PBS = 274 + 47 mm®, clone 085= 119 + 30 mm® and clone 093 = 114 + 32 mm®) {Figure 7).

Thus, CXCR7 Nanobodies reduce head and neck cancer cell growth in vivo,
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This study supports not only the anti-tumour efficacy of the Nanobodies, but also an exceilent safety
orofile, a reflection of its highly targeted and specific activity profile, which is fundamentally different

from many other cytotoxic drugs in development or on the market.

Example 20:; CXCR7 Nanobodies reduce xenograft tumour growth in vivo

In Example 19, it has been demonstrated that CXCR7 Nanobodies are able to inhibit tumours as

axemplified by head and neck cancers.

In a first phase to demonstrate in vivo that the Nanobodies are also effective in other tumours in

which CXCR7 is {overj-expressed than head and neck cancers, further xenograph models can be used,

Gliomas are the most common forms of primary human brain tumors, and they are often classified
into four clinical grades. The most aggressive tumors, grade 4 tumors, also known as glioblastoma
multiforme (GBM), are associated with high mortality and morbidity. Survival of patients affected by
GBM has remained virtually unchanged during the last decades (i.e, 6-12 months postdiagnosis)
despite advances in surgery, radiation, and chemotherapy. GBM xenograph modeis can be used
essentially as described, for instance, by ¥i et al. (EGFR Gene Overexpression Retained in an Invasive
Xenograft Model by Solid Orthotopic Transplantation of Human Glicblastoma Multiforme Into Nude

Mice' Cancer Invest, 2011 29: 229-238).

Essentially, the xenograph set up as described in Example 19 is employed, but using xenographs
derived from primary tumours, which are obtained from patients who undergo surgical treatment.
Cells derived from these tumours are injected into 4-6 weeks old, congenitally athymic nude mice,
female, on Balb/c nufnu background. Mice are maintained under specific pathogen-free barrier
environment. For grafting and imaging, the mice are anesthetized intraperitoneally with a 0.10 mg
ketamine hydrochloride solution per gram body weight. If necessary, the tumours are excised and

retransplanted into other mice, as described in Example 19.

Therapy is started with biweekly injections of 1.5 mg of either PBS, clone 080, clone 083, clone 085
and clone 093. Tumour size is measured every 4 days. The tumour size is measured by a caliper, and
the tumour volume is calculated using the formula {length x width?®)/2. The development of the
tumour volumes of the mice is followed for 30 days. At 30 days the mice are sacrificed. The tumours
are weighed and fixed in 4% polyformaldehyde. The tumour sections are excised for

immunohistochemical analysis.
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The tumours listed in Figure 3 are tested similarly, either by xenographs of established cell lines or
derived from primary tumours. Tumours having a high percentage of CXCR7 are preferred for initial

testing.

Exarnple 21: Group 1 immunogiobulin single variable domains

In view of binding, competition and/or B-arrestin results, various 15VDs were not further assessed
after initial screening. However, the in vivo results of Examples 19-20 prompted us to further

evaluate the presence of other family members of Group 1 15VDs.

After reassessing the sequences, at least the following 4 Group 1 1SVDs were identified: 01C12 (SEQ
IDND: 99}, 01B12 (SEQ 1D NO: 100}, 01F11 (SEQ 1D NO: 101} and 01810 {SEQ ID NO: 102} {Table B-3).

Example 22: CXCRY Nanobodies reduce head and neck cancer xenograft tumour growth in vive

In Example 19 it was demonstrated that CXCR7 Nancbedies reduce head and neck cancer cell growth
in vivo. In Example 19, mice received 1.5 mg of either clone 085 {Group 1 ISVD-Group 2 1SVD) or
clone 093 (Group 1 I1SVD-Group 1 1SVD).

in view of the binding efficacies of Group 2 I1SVDs, it is expected that constructs comprising Group 1
ISVD-Group 2 ISVD {e.g. clone 085) would be more efficient than Group 1 1SVD-Group 1 18VD (e.g.
clone 093).

Accordingly, the in vivo xenograft model of Example 19 Is used to test this hypothesis. Again, the
mice are randomly distributed into 11 groups of 5 mice each that are injected bi-weekly with 400 ul

PBS without or with the constructs. The constructs tested for therapy are clone 085 and clone 093,

The dosing is according o the following scheme:

construct dose/biweskly/5 mice
clane 085 1.5mg 0.75 mg 0.375mg 0.17 mg 0.085 mg
clone 093 1.5 mg 0.75 mg 0.375mg 0.17 mg 0.085 mg

PBS  {negative

control)

Tumour size is measured every 4 days. The tumour size is measured by a caliper, and the tumour

volume is calculated using the formula (length x width?)/2. The development of the tumour volumes
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of the mice is followed for 30 days. At 50 days the mice are sacrificed. The tumours are weighed and

fixed in 4% polyformaldehyde, The tumour sections are excised for immunochistochemical analysis.
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Qaims

10.

11.

12.

A construct comprising at least one immunoglobulin single variable domain (ISVD) that bindsto
and/or recognizes amino acid residue M33, and optionally amino acid residue V32 and/or
amino acid residue M37 in CXCR7 (SQ ID NO: 1) and at least one I1SVD that binds to and/or
recognizes amino acid residue W19, and optionally S23 and/or D25 of CXCR7 (SEQIDNQO: 1).

The construct of daim 1 when used as a medicament to reduce tumour growth and/ or to treat

cancer, preferably head and neck cancer or GBM.

The construct of claim 1 or cdlaim 2 that can displace DF1 and I-TAC on human CXCR7 (SKQ ID
NO: 1) with an average Ki of less than 100 nM and an average SOF-1 and |I-TACdisplacement of

50%or more.

The construct of claim 1 or claim 2 that can displace SDF-1 on human CXCR7 (SQ ID NO: 1)

with an average K of lessthan 100 nM and an average SDF-1 displacement of 50%or more.

The construct of claim 1 or claim 2 that can displace I-TACon human CXCR7 (S5Q IDNG: 1) with

an average K of lessthan 100 nM and an average |-TACdisplacement of 50%or more.
The construct of any one of claims 3-5, wherein the average K is 50 nM or less.
The construct of any one of claims 3-5, wherein the average Ki is 10 nM or less.

The construct of any one of daims 3-7, wherein the average DF1 or I-TAC displacement is

80%or more.

The construct of claim 1 or daim 2 that can bind human CXCR7 (S5Q ID NO: 1) with a Kd of less
than 50nM.

An immunoglobulin single variable domain that binds to and/or recognizes amino acid residue
M33, and optionally amino acid residue V32 and/or amino acid residue M37 in CXCR7 (SXQ ID
NO: 1).

The immunoglobulin single variable domain of claim 10 when used as a medicament to reduce

tumour growth and/or to treat cancer, preferably head and neck cancer or GBM.

The immunoglobulin single variable domain of daim 10 or claim 11, wherein the

immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
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FR1 - COR1 - FR2 - CDR2 - FR3 - CDR3 - FR4 (1);
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain; and
wherein CDRYI is chosen from the group consisting of:
a)  theimmunoglobulin single variable domain of SEQIDNO: 9;
b)  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ IDNQ: 9; and
¢)  immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQIDNO: 9,
and wherein CDRR2 is chosen from the group consisting of:
d)  theimmunoglobulin single variable domain of SEQID NO: 19;
e) immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQIDNQO: 19; and
f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ IDNO: 19,
and wherein CDR3 is chosen from the group consisting of:
0) theimmunoglobulin single variable domain of SEQ ID NO: 29;
h)  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 29; and
i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ ID NO: 29.

The immunoglobulin single variable domain of daim 10 or claim 11, wherein the

immunoglobulin single variable domain comprises an amino acid sequence with the formula 1

FR1 - COR1 - FR2 - CDR2 - FR3 - CDR3 - FR4 (1);
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain; and
wherein CDRY1 is chosen from the group consisting of:
a)  theimmunoglobulin single variable domain of SEQ 1D NO: 10;
b)  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ IDNO: 10; and
) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ IDNQ: 10,

and wherein CDRR is chosen from the group consisting of:
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the immunoglobulin single variable domain of SEQ 1D NO: 20;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 20; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ ID NO: 20,

and wherein CDR3 is chosen from the group consisting of:

9
h)

the immunoglobulin single variable domain of SEQ 1D NO: 30;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 30; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ ID NO: 30.

The immunoglobulin single variable domain of daim 10 or claim 11, wherein the

immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1 - COR1 - FR2 - CDR2 - FR3 - CDR3 - AR (1);

wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an

immunoglobulin single variable domain; and

wherein CDRY1 is chosen from the group consisting of:

a)
b)

the immunoglobulin single variable domain of SEQIDNQ: 11;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQIDNQO: 11; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQIDNQ: 11,

and wherein CDRR is chosen from the group consisting of:

d)

€)

the immunoglobulin single variable domain of SEQID NQ: 21;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQIDNO: 21; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNO: 21,

and wherein CDR3 is chosen from the group consisting of:

9
h)

the immunoglobulin single variable domain of SEQID NQ: 31;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ IDNO: 31; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNQ: 31.
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The immunoglobulin single variable domain of daim 10 or claim 11, wherein the
immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1 - COR1 - FR2 - CDR2 - FR3 - CDR3 - FR4 (1);
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain; and
wherein CDRY1 is chosen from the group consisting of:
a)  theimmunoglobulin single variable domain of SEQID NO: 12;
b)  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQIDNO: 12; and
) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ IDNO: 12,
and wherein CDRR is chosen from the group consisting of:
d)  theimmunoglobulin single variable domain of &EQ ID NO: 22;
e) immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ IDNO: 22; and
f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ IDNO: 22,
and wherein CDR3 is chosen from the group consisting of:
g) theimmunoglobulin single variable domain of &EQ ID NO: 32;
h)  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ IDNO: 32; and
i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNO: 32.

The immunoglobulin single variable domain of daim 10 or claim 11, wherein the
immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1 - COR1 - FR2 - CDR2 - FR3 - CDR3 - FR4 (1);
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain; and
wherein CDRY1 is chosen from the group consisting of:
a)  theimmunoglobulin single variable domain of SEQID NO: 13;
b)  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQIDNQO: 13; and
) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQIDNQO: 13,
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and wherein CDRR is chosen from the group consisting of:

d)

€)

the immunoglobulin single variable domain of SEQ 1D NO: 23;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 23; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNO: 23,

and wherein CDR3 is chosen from the group consisting of:

9
h)

the immunoglobulin single variable domain of SEQ 1D NO: 33;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 33; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNO: 33.

The immunoglobulin single variable domain of daim 10 or claim 11, wherein the

immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1 - COR1 - FR2 - CDR2 - FR3 - CDR3 - AR (1);

wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an

immunoglobulin single variable domain; and wherein CDR1 is chosen from the group

consisting of:
a)
b)

the immunoglobulin single variable domain of SEQ 1D NO: 93;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 93; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ ID NO: 93,

and wherein CDRR is chosen from the group consisting of:

the immunoglobulin single variable domain of SEQ 1D NO: 95;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 95; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ ID NO: 95,

and wherein CDR3 is chosen from the group consisting of:

9
h)

the immunoglobulin single variable domain of &EQ ID NO: 97;
immunoglobulin single variable domains that have at least 80% amino acid

identity with the immunoglobulin single variable domain of SEQ IDNO: 97; and
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i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNO: 97.

The immunoglobulin single variable domain of daim 10 or claim 11, wherein the
immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1 - COR1 - FR2 - CDR2 - FR3 - CDR3 - FR4 (1);
wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an
immunoglobulin single variable domain; and
wherein CDRYI is chosen from the group consisting of:
a) theimmunoglobulin single variable domain of SEQ 1D NO: 107;
b) immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ IDNQ: 107; and
¢) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQ IDNQ: 107,
and wherein CDRR is chosen from the group consisting of:
d) theimmunoglobulin single variable domain of SEQ ID NO: 115;
e) immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NOG: 115;
and
f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid
difference with the immunoglobulin single variable domain of SEQIDNQ: 115,
and wherein CDR3 is chosen from the group consisting of:
g) theimmunoglobulin single variable domain of SEQ ID NO: 123;
h)  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 123;
and
i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNQ: 123.

The immunoglobulin single variable domain of daim 10 or claim 11, wherein the

immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1 - COR1 - FR2 - CDR2 - FR3 - CDR3 - FR4 (1);

wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an

immunoglobulin single variable domain; and

wherein CDRY1 is chosen from the group consisting of:
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the immunoglobulin single variable domain of SEQ 1D NO: 108;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ IDNQ: 108; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNO: 108,

and wherein CDRR is chosen from the group consisting of:

d)

€)

the immunoglobulin single variable domain of SEQIDNO: 116;
immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NOG: 116;
and

immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQIDNQ: 1186,

and wherein CDR3 is chosen from the group consisting of:

9
h)

the immunoglobulin single variable domain of SEQ 1D NO: 124;
immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SXQ ID NO: 124;
and

immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNQ: 124.

The immunoglobulin single variable domain of daim 10 or claim 11, wherein the

immunoglobulin single variable domain comprises an amino acid sequence with the formula 1
FR1 - COR1 - FR2 - CDR2 - FR3 - CDR3 - AR (1);

wherein FR1 to FR4 refer to framework regions 1 to 4 and are framework regions of an

immunoglobulin single variable domain; and

wherein CDRY1 is chosen from the group consisting of:

a)
b)

the immunoglobulin single variable domain of SEQIDNO: 110;

immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQIDNQ: 110; and
immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNQ: 110,

and wherein CDRR is chosen from the group consisting of:

d)

€)

the immunoglobulin single variable domain of SEQIDNGC: 118; and
immunoglobulin single variable domains that have at least 80% amino acid

identity with the immunoglobulin single variable domain of SEQIDNO: 118,
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f) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNO: 118;
and wherein CDR3 is chosen from the group consisting of:

g) theimmunoglobulin single variable domain of SEQ ID NO: 126;

h)  immunoglobulin single variable domains that have at least 80% amino acid
identity with the immunoglobulin single variable domain of SEQ ID NO: 126;
and

i) immunoglobulin single variable domains that have 3, 2, or 1 amino acid

difference with the immunoglobulin single variable domain of SEQ IDNO: 126.

The immunoglobulin single variable domain of any one of cdaims 10-20, wherein the
framework regions (FRs) have a sequence identity of more than 80% with the FRs of Q ID
NOs: 4 to 8, 92, 103, 104 or 106 (FR1), 14 to 18, 94, 111, 112 or 114 (FR2), 24 to 28, 96, 119,
120 or 122 (FR3), and/ or 34 to 38, 98, 127, 128 or 130 (FR4).

A polypeptide comprising an immunoglobulin single variable domain of any one of claims 10-
21.

The polypeptide of claim 22, wherein the immunoglobulin single variable domain is selected
from the group consisting of immunoglobulin single variable domains that have an amino acid
sequence with a sequence identity of more than 80% with the immunoglobulin single variable
domains of SEQIDNGs: 39t0 43, 91 or 99-102.

The polypeptide of daim 22 or claim 23 and additionally comprising at least one human serum
albumin binding immunoglobulin single variable domain and optionally comprising a linker
selected from the group of linkers with SEQ 1D NOs: 49 to 58.

The polypeptide of any one of caims 22-24 and additionally comprising ALB8 (SEQ ID NO: 2),
and optionally comprising alinker selected from the group of linkers with SEQ IDNGs: 49 to 58.

The polypeptide of any one of daims 22-25, wherein the polypeptide is selected from the
group consisting of polypeptides that have an amino acid sequence with a sequence identity of
more than 80%with the polypeptides of S ID NOs: 44 to 48, 7810 89 and 131 to 140.

A nudleic acid sequence encoding
i) for animmunoglobulin single variable domain of any one of daims 10-21;

i) for apolypeptide of any one of claims 22-26, or
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iii)y for aconstruct of any one of dlaims 1-9.

A pharmaceutical composition comprising

i) animmunoglobulin single variable domain of any one of daims 10-21;
i) apolypeptide of any one of claims 22-26; or

iii) aconstruct of any one of claims 1-9;

and optionally a pharmaceutically acceptable excipient.

The immunoglobulin single variable domain of any one of daims 10-21, a polypeptide of any
one of claims 22-26, or a construct of any one of claims 1-9 when used in cancer, preferably

head or neck cancer, GBM and/or inflammatory diseases.

The immunoglobulin single variable domain of any one of claims 10-21, a polypeptide of any

one of claims 22-26, or a construct of any one of claims 1-9 when used in rheumatoid arthritis.

The immunoglobulin single variable domain of any one of claims 10-21, a polypeptide of any

one of claims 22-26, or a construct of any one of claims 1-9 when used in multiple sclerosis.

A method for producing an immunoglobulin single variable domain of any one of claims 10-21,

a polypeptide of any one of claims 22-26, or a construct of any one of dlaims 1-9, said method

at least comprising the step of:

a) expressing, in a suitable host cell or host organism or in another suitable expression
system, a nucleic acid or nucleotide sequence according to claim 27;

optionally followed by:

b) isolating and/or purifying the immunoglobulin single variable domain of any one of claims

10-21, apolypeptide of any one of claims 22-26, or a construct of any one of caims 1-9.

A method for: reducing tumour growth; treating cancer; treating GBM; treating inflammatory
disease; treating rheumatoid arthritis; or treating multiple sclerosis, said method comprising
administering a construct of any one of claims 1-9, aimmunoglobulin single variable domain of
any one of cdaims 10-21, a polypeptide of any one of caims 22-26 or a pharmaceutical

composition of claim 28.

Use of a construct of any one of claims 1-9, an immunoglobulin single variable domain of any
one of claims 10-21 or a polypeptide of any one of daims 22-26 in the manufacture of a
medicament for: reducing tumour growth; treating cancer; treating GBM; treating

inflammatory disease; treating rheumatoid arthritis; or treating multiple sclerosis.
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The method of claim 33; or the use of daim 34, wherein said cancer is neck or head cancer.

An immunoglobulin single variable domain; a polypeptide; or a construct, when produced by
the method of claim 32.

A construct of any one of claims 1-9; an immunoglobulin single variable domain of any one of
claims 10-21, 29-31 or 36; a polypeptide of any one of claims 22-26; a nudeic acid sequence of
to claim 27; a pharmaceutical composition of claim 28; a method of claim 32 or claim 33; or
use of daim 34, substantially as herein described with reference to any one or more of the

examples but excluding comparative examples.
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Organi zation Applicant
Street : Technol ogi epark 21
City : Gent
State :
Country : Bel gi um
Post al Code : 9052
PhoneNunber : +3292620000
FaxNunber :
Emai | Addr ess
<110> Organi zati onName : Ablynx NV

Application Project

<120> Title : Biological materials related to CXCR7
<130> AppFil eReference : P11-007- PCT-1

<140> Current AppNunber

<141> CurrentFilingDate : - -

Sequence

<213> Organi smNanme : Honmb sapi ens
<400> PreSequenceString :
MDLHLFDYSE PGNFSDI SWP CNSSDC! VWD TVMCPNVPNK SVLLYTLSFI Y1 FI FVI GM

ANSVVWWN  QAKTTGYDTH CYI LNLAI AD LWWVLTI PVW VVSLVCHNCW PMGELTCKVT
HLI FSI NLFG SI FFLTCVBV DRYLSI TYFT NTPSSRKKW RRVVCI LVW. LAFCVSLPDT
YYLKTVTSAS NNETYCRSFY PEHSI KEW.I GVELVSVVLG FAVPFSI | AV FYFLLARAI S
ASSDCEKHSS RKI | FSYVVWV FLVOW.PYHV AVLLDI FSI L HYI PFTCRLE HALFTALHVT
QCLSLVHCCV NPVLYSFI NR NYRYELMKAF | FKYSAKTGL TKLI DASRVS ETEYSALEQS

TK

<212> Type : PRT

<211> Length : 362
SequenceNanme : Human CXCR7 , SEQ I D NO 1
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCG LVQPGNSLRL SCAASGFTFS SFGVBW/RCA PGKGLEW/SS | SGSGSDTLY

ADSVKGRFTI SRDNAKTTLY LQWNSLRPED TAVYYCTI GG SLSRSSQGTL VTVSS

<212> Type : PRT

<211> Length : 115
SequenceNane : Al b8 , SEQ ID NG 2
SequenceDescription :

Sequence

<213> Organi smName : Mis nmuscul us

<400> PreSequenceString :

MDVHLFDYAE PCGNYSDI NWP CNSSDCl VWD TVQCPTMPNK NVLLYTLSFI Y1 FI FVI GV
ANSVVWW/NI  QAKTTGYDTH CYI LNLAI AD LWwVI TI PVW VVSLVCHNCW PMGELTCKI T
HLI FSI NLFG S| FFLACMBY DRYLSI TYFT GTSSYKKKMW RRVVCI LVW. LAFFVSLPDT
YYLKTVTSAS NNETYCRSFY PEHSI KEW.I GVELVSVI LG FAVPFTI | Al FYFLLARAMS

ASGDCEKHSS RKI | FSYVVWVW FLVCW.PYHF VVLLDI FSI L HYlI PFTCQLE NVLFTALHVT
Page 1
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QCLSLVHCCV NPVLYSFI NR NYRYELMKAF | FKYSAKTGL TKLI DASRVS ETEYSALECON 360

TK 362
<212> Type : PRT
<211> Length : 362
SequenceNanme : Muse CXCR7 , SEQ I D NO 3
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCGN LVQACGGSLGL SCAASVSI SS 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : 07B11 FR1 , SEQ ID NG 4
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVQAGESLTL SCAASGRTLS 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : 07C03 FR1 , SEQ ID NG 5
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVQAGDSLRL SCAASCGLTFS 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : 08A05 FR1 , SEQ ID NG 6
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVQACGGSLRL SCAASGSI FS 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : 08A10 FR1 , SEQ ID NG 7
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVOPCGSLRI  SCAASCSI YL 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : 1403 FR1 , SEQ ID NG 8
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
| H MG 5
<212> Type : PRT
<211> Length : 5
SequenceNanme : 07B11 CDR1 , SEQ ID NG 9
SequenceDescription :

Page 2



Sequence

<213> OrganismNane : Artificial

<400> PreSequenceString :

AYI MG

<212> Type : PRT

<211> Length : 5
SequenceNanme : 07C03 CDR1
SequenceDescription :

Sequence

<213> OrganismNane : Artificial

<400> PreSequenceString :

NYDMG

<212> Type : PRT

<211> Length : 5
SequenceNanme : 08A05 CDR1
SequenceDescription :

Sequence

<213> OrganismNane : Artificial

<400> PreSequenceString :

| AAMG

<212> Type : PRT

<211> Length : 5
SequenceNanme : 08A10 CDR1
SequenceDescription :

Sequence

<213> OrganismNane : Artificial

<400> PreSequenceString :

I NYMG

<212> Type : PRT

<211> Length : 5
SequenceNanme : 14G03 CDR1
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
WYRCAPGKCR DLVA
<212> Type : PRT
<211> Length : 14
SequenceNanme : 07B11 FR2
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
WFRCAPGKER EFVA
<212> Type : PRT
<211> Length : 14
SequenceNanme : 07C03 FR2
SequenceDescription :

Sequence

<213> OrganismNane : Artificial
<400> PreSequenceString :
WFRCAPGKER EFVG

<212> Type : PRT

<211> Length : 14

eol f - ot hd- 000001

Sequence

, SEQID

Sequence

, SEQID

Sequence

, SEQID

Sequence

, SEQ I D NO

Sequence

, SEQ I D NO

Sequence

, SEQ I D NO

Sequence
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SequenceNanme : 08A05 FR2 , SEQ ID NO
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

WYRQATGKCR ELVA

<212> Type : PRT

<211> Length : 14
SequenceNanme : 08A10 FR2 , SEQ ID NO
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

WYRQAPGKCR ELVA

<212> Type : PRT

<211> Length : 14
SequenceNanme : 14Q@03 FR2 , SEQ ID NO
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

TI TSGGSTAY ADSVKG

<212> Type : PRT

<211> Length : 16
SequenceNanme : 07B11 CDR2 , SEQ I D NO
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

G WSGGYTHL ADSAKG

<212> Type : PRT

<211> Length : 16
SequenceNanme : 07C03 CDR2 , SEQ I D NO
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

ASWABGGAPY YSDSVKG

<212> Type : PRT

<211> Length : 17
SequenceNanme : 08A05 CDR2 , SEQ I D NO
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

TI TDGGTTTY ADSVKG

<212> Type : PRT

<211> Length : 16
SequenceNanme : 08A10 CDR2 , SEQ I D NO
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
TLTSGGSTNY AGSVKG
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<212> Type : PRT
<211> Length : 16

SequenceNanme : 14G@03 CDR2 , SEQ I D NO

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RFTVSKDNAK NTVYLQVDSL KPEDTSVYYC AA
<212> Type : PRT
<211> Length : 32
SequenceNanme : 07B11 FR3 , SEQID
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RFSI SRDNAK NTVYLQWNGL KPEDTAVYYC AA
<212> Type : PRT
<211> Length : 32
SequenceNanme : 07C03 FR3 , SEQID
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RFTI SRDNAK NTVYLQANSL RPEDTAVYYC AA
<212> Type : PRT
<211> Length : 32
SequenceNanme : 08A05 FR3 , SEQID
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RVTI SRDRSA NTVYLAMNNL KPDDTAVYYC YA
<212> Type : PRT
<211> Length : 32
SequenceNanme : 08A10 FR3 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

RFAI SRDNAK NTVYLQWNSL KPEDTAVYYC N

<212> Type : PRT

<211> Length : 32
SequenceNanme : 1403 FR3 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

EVRNGVFGKW NHY

<212> Type : PRT

<211> Length : 13
SequenceNanme : 07B11 CDR3 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence
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<400> PreSequenceString :
GLRGRAYSN

<212> Type : PRT

<211> Length : 9

SequenceNanme : 07C03 CDR3 , SEQ ID NO

SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

KRLRSFASGG SYDY

<212> Type : PRT

<211> Length : 14
SequenceNanme : 08A05 CDR3 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

YLRYTSRVPG DNY

<212> Type : PRT

<211> Length : 13
SequenceNanme : 08A10 CDR3 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

GGTLYDRRRF ES

<212> Type : PRT

<211> Length : 12
SequenceNanme : 14G03 CDR3 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

VWGOGTQVTVS S

<212> Type : PRT

<211> Length : 11
SequenceNanme : 07B11 FR4 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

VWGOGTQVTVS S

<212> Type : PRT

<211> Length : 11
SequenceNanme : 07C03 FR4 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

VWGOGTQVTVS S

<212> Type : PRT

<211> Length : 11
SequenceNanme : 08A05 FR4 , SEQID
SequenceDescription :

Sequence
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<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
VWGOGTQVTVS S 11
<212> Type : PRT
<211> Length : 11

SequenceNanme : 08A10 FR4 , SEQ ID NG 37

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
VWGOGTQVTVS S 11
<212> Type : PRT
<211> Length : 11
SequenceNanme : 14G03 FR4 , SEQ ID NG 38
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCL VESCCGNL VOAGGSL GLSCAASVSI SSI HI MGWYRQAPCGKQRDL VATI TSGGSTAYADSVKGRFTVSKDNAKNT VYL
QVDSLKPEDTSVYYCAAEVRNGVF GKWAHYWGOGTQVTVSS
<212> Type : PRT
<211> Length : 121
SequenceName : 7CXCR7B11 (07B11) , SEQ ID NG 39
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCL VESCCGL VQACESL TL SCAASGRTL SAYI MGWFRQAPCKEREFVAG WSGGYTHLADSAKGRFSI SRDNAKNT VYL
QUNGLKPEDTAVYYCAAGL RGRQYSNWGQGTQVTVSS
<212> Type : PRT
<211> Length : 117
SequenceNanme : 7CXCR7C3 (07C03) , SEQ I D NO 40
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQL VESCCGEL VQACDSL RLSCAASCL TFSNYDMGWF ROAPGKEREF VGASWASGGAPYYSDSVKGRF TI SRDNAKNTVY
LQANSL RPEDTAVYYCAAKRL RSFASGGSYDYWEQGTQVTVSS
<212> Type : PRT
<211> Length : 123
SequenceNanme : 7CXCRBA5 (08A05) , SEQ I D NO 41
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCGL VQACGCGSL RLSCAASGSI FSI AAMGWYRQATCGKQREL VATI TDGGT TTYADSVKGRVTI SRDRSANT VYL
AMNNL KPDDTAVYYCYAYL RYTSRVPGDNYWEQGTQVTVSS
<212> Type : PRT
<211> Length : 121
SequenceNanme : 7CXCR8A10 (08A10) , SEQ ID NG 42
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCGL VOPGGSLRI SCAASGSI YLI NYMEWYRCAPGKCREL VATL TSCGGSTNYAGSVKGRFAI SRDNAKNT VYL

Page 7
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QUNSLKPEDTAVYYCNI GGTLYDRRRFESWGQGTQVTVSS
<212> Type : PRT
<211> Length : 120
SequenceName : 7CXCR14G3 (14CG03) , SEQ ID NG 43
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCL VESCCGNL VOACGGSL GLSCAASVSI SSI HI MGWYRQAPGKQRDL VATI TSGGSTAYADSVKGRFTVSKDNAKNT VYL
QVDSLKPEDTSVYYCAAEVRNGVF GKWNHYWGQGT QVTVSSGGEGEGESGEGESEVAL VESGEEL VOPGNSL RLSCAASGETFS
SFAVBW/RQAPGKGL EWSSI SGSGSDTL YADSVKGRFTI SRDNAKTTLYLGWNSL RPEDTAVYYCTI GCSLSRSSQGTL
VTVSS
<212> Type : PRT
<211> Length : 245
SequenceNanme : 7CXCR008 (07B11-9GS-AIb8) , SEQ ID NG 44
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCL VESCCGL VOQACGESL TL SCAASGRTL SAYI MGWFRQAPGKEREFVAG WSGGYTHLADSAKGRFSI SRDNAKNT VYL
QUNGLKPEDTAVYYCAAGL RGRQY SNWGQGT QVTVSSGGGEGSGGGSEVAL VESGGGEL VOPGNSL RLSCAASCGF TFSSFGV
gV\X/ROAPGKGL EW/SSI SCSCSDTL YADSVKGRFTI SRDNAKTTLYLQWNSLRPEDTAVYYCTI GGSLSRSSQGTLVTVS
<212> Type : PRT
<211> Length : 241
SequenceNanme : 7CXCR009 (07C03-9GS-AIb8) , SEQID NG 45
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQL VESCCCEL VQACDSL RLSCAASCL TFSNYDMGWE ROAPGKEREF VGASWASGGAPYYSDSVKGRF TI SRDNAKNTVY
L QANSL RPEDTAVYYCAAKRL RSFASGGSYDYWSQGT QVTVSSGEEESGEGSEVAL VESGEEL VOPGNSL RLSCAASGET
FSSFGVBW/RQAPGKGL EW/SSI SGSGSDTL YADSVKGRFTI SRDNAKTTLYLQWNSLRPEDTAVYYCTI GGSLSRSSQG
TLVTVSS
<212> Type : PRT
<211> Length : 247
SequenceNanme : 7CXCR0O10 (08A05-9GS-AIb8) , SEQ ID NG 46
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCGL VOAGCSL RLSCAASGSI FSI AAMGWYRQATGKQREL VATI TDGGT TTYADSVKGRVTI SRDRSANT VYL
AMNNLKPDDTAVYYCYAYL RY TSRVPCDNYWEQGET QVTVSSCEEESCGEESEVAL VESCEEL VOPGNSLRLSCAASGFTFS
SFGEEMWRCAPGKELEVWSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLCNNSLRPEDTAVYYCTIGESLSRSSCEWL
VTV,
<212> Type : PRT
<211> Length : 245
SequenceNanme : 7CXCR011 (08A10-9GS-AIb8) , SEQ ID NG 47
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

EVCQLVESCCGL VOPGGSLRI SCAASGSI YLI NYMGWYRCAPGKCREL VATL TSCGGSTNYAGSVKGRFAI SRDNAKNT VYL
QUNSLKPEDTAVYYCNI GGTLYDRRRFESWEQGT QVTVSSGGEGEGESGEGESEVAL VESGEEL VOPGNSL RLSCAASGETFSS
FGAVBW/RQAPGKGL EW/SSI SGSGSDTL YADSVKGRFTI SRDNAKTTL YLQWNSLRPEDTAVYYCTI GGSLSRSSQGTLY
TVSS

<212> Type : PRT

<211> Length : 244

Page 8



SequenceNane :
SequenceDescription :
Sequence
<213> Organi smName : Artifici

<400> PreSequenceString :
GCCS

<212> Type : PRT

<211> Length : 5
SequenceNane : 5GS
SequenceDescription :

Sequence

<213> Organi smName : Artifici

<400> PreSequenceString :

SGESEES

<212> Type : PRT

<211> Length : 7
SequenceNane : 6GS
SequenceDescription :

Sequence

<213> Organi smName : Artifici

<400> PreSequenceString :

GEEGSEEES

<212> Type : PRT

<211> Length : 9
SequenceNane : 9GS
SequenceDescription :

Sequence

<213> Organi smName : Artifici
<400> PreSequenceString :
GEEESEEEES

<212> Type : PRT

<211> Length : 10
SequenceNanme : 10GS
SequenceDescription :

Sequence

<213> Organi smName : Artifici

<400> PreSequenceString :

GGEEGSEEEES GEEGES

<212> Type : PRT

<211> Length : 15
SequenceNanme : 15GS
SequenceDescription :

Sequence

<213> Organi smName : Artifici

<400> PreSequenceString :

GGEEGSEEEES . GEEEEEES

<212> Type : PRT

<211> Length : 18
SequenceNanme : 18GS
SequenceDescription :

Sequence

<213> Organi smName : Artifici
<400> PreSequenceString :
GGEEGSEEEES . GEEGESEEEES

a

a

a

a

a

a

a

eol f - ot hd- 000001
7CXCR0O13 (14C03-9GS- Al b8)

Sequence

, SEQID

Sequence

, SEQID

Sequence

, SEQID

Sequence

, SEQID

Sequence

, SEQID

Sequence

, SEQID

Sequence
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<212> Type : PRT
<211> Length : 20
SequenceNanme : 20GS , SEQ ID NG 55
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
GGEGEGSEEEES . GEEGSEEEES GEEGS 25
<212> Type : PRT
<211> Length : 25
SequenceNanme : 25GS , SEQ ID NG 56
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
GOEGEGSEEEES . GEEGSEEEES . GEEGESEEEES 30
<212> Type : PRT
<211> Length : 30

SequenceNanme : 30GS , SEQ ID NG 57

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
GGEEGSEEEES GEEGSEEEES . GEEGSEEEES GAEGS 35
<212> Type : PRT
<211> Length : 35
SequenceNanme : 35GS , SEQ ID NG 58
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
gaggt gcaat t ggt ggagt ct gggggaaact t ggt gcaggcet ggggggt ct ct gggact ct cct gt gcagcct ct gt aag
cat ct ccagt at ccat at cat gggct ggt accggcaggct ccaggcaaacagcgcegact t ggt cgct act att act agt g
gt ggt agcacagcat at gcagact ccgt gaagggacgat t caccgt ct ccaaagacaacgccaagaacacggt gt atctg
caaat ggacagcct gaaacct gaggacacat ccgt ct at t act gt gcagccgaggt cagaaat ggggt gt t t ggaaaat g
gaat cact act ggggccaggggacccaggt caccgt ct cctca
<212> Type : DNA
<211> Length : 363

SequenceNanme : 7CXCR7B11 (07B11) , SEQ ID NG 59

SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

gaggt gcaat t ggt ggagt ct gggggaggat t ggt gcaggcet ggggagt ct ct gact ct ¢t cct gt gcagect ct ggacg
cacct t aagt gcct at at cat gggcet ggt t ccgecagget ccagggaaggagegggagt tt gt agecggt at ct ggagt g
gt ggt t acacacacct t gcagact ccgcgaagggcecgat t cagecat ct ct agagacaacgccaagaacact gt atatctg
caaat gaacggcct gaaacct gaggacacggcecgt ct at t act gt gcagcaggt ct gagaggccgcecagt at agt aact g
gggccaggggacccaggt caccgt ct cctca

<212> Type :
<211> Length : 351
SequenceNanme : 7CXCR7C3 (07C03) , SEQ I D NO 60

SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

gaggt gcaat t ggt ggagt ct gggggaggat t ggt gcaggct ggggact ct ct gagact ct cct gt gcagcect ct ggact
Page 10



eol f - ot hd- 000001
cactttcagt aact at gacat gggct ggt t ccgecagget ccagggaaggagegt gaat t t gt aggggcet agt t ggt gga
gt ggt ggt gccccat act at t cagact ccgt gaagggecgat t caccat ¢t ccagagacaacgccaagaacacggt gt at
ct gcaagcgaacagcct gagacct gaggacacggecgttt att act gt gcagccaaaaggcet gegt agttt cgect cegg
tgggtcgtatgatba%tggggtcaggggacccaggtcaccgtctcctca

<212> Type :
<211> Length : 369
SequenceNanme : 7CXCRBA5 (08A05) , SEQ I D NO 61

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
gagt ct gggggaggcet t ggt gcaggcet ggagggt ct ct gagact ct cct gt gcaget t ct ggaagcat ct t cagt at cge
t gccat gggcet ggt accgeccaggcet acagggaagcagcegcegagt t ggt cgcaact at cact gat ggcggt acgacaacct
at gcagact ccgt gaagggccgagt caccat ct ccagggacaggt ct gcgaacacggt gt at ct ggcaat gaacaatttg
aaacct gat gacacagccgtctattattgttat gcgt at ct gcget at acaagcagagt acct ggcgat aact act gggg
ccaggggacccaggt caccgtctcctca
<212> Type : DNA
<211> Length : 348

SequenceNanme : 7CXCR8A10 (08A10) , SEQ ID NG 62

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
gaggt gcaat t ggt ggagt ct gggggaggct t ggt gcagect ggggggt ct ct gagaat t t cct gt gcagcect ct ggaag
catctaccttatcaattacat gggct ggt accgccaggcet ccagggaagcagegcegagt t ggt cgcaacgcett act agt g
gt ggt agt accaact at gcaggct ccgt gaagggccgat t cgeccat ct ccagagacaacgccaagaacacggtttatctg
caaat gaacagcct gaaacct gaggacacggccgt ct at t act gt aat at aggaggaacgct at acgacagaaggceggt t
t gaat cct ggggccaggggacccaggt caccgt ct cct cag
<212> Type : DNA
<211> Length : 361

SequenceNanme : 7CXCR14G3 (14CG03) , SEQ ID NG 63

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVOPGNSLRL SCAASGFTFS 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : Al b8 FRi , SEQ I D NO 64
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
SFGVB 5
<212> Type : PRT
<211> Length : 5
SequenceNanme : Alb8 CDR1 , SEQ ID NG 65
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
WROAPGKGL EW/S 14
<212> Type : PRT
<211> Length : 14
SequenceNane : Al b8 FR2 , SEQ I D NO 66
SequenceDescription :

Sequence
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<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
Sl SGSGSDTL  YADSVKG 17
<212> Type : PRT
<211> Length : 17

SequenceNanme : Alb8 CDR2 , SEQ ID NG 67

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RFTI SRDNAK TTLYLQWNSL RPEDTAVYYC TI 32
<212> Type : PRT
<211> Length : 32
SequenceNane : Al b8 FR3 , SEQ I D NO 68
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
GGSLSR 6
<212> Type : PRT
<211> Length : 6
SequenceNanme : Alb8 CDR3 , SEQ ID NG 69
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
SSQGTLVTVS S 11
<212> Type : PRT
<211> Length : 11
SequenceNane : Al b8 FR4 , SEQ I D NO 70
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
AAAHHHHHHG AAECKLI SEE DLNGAA 26
<212> Type : PRT
<211> Length : 26
SequenceNanme : Tag-1 , SEQ ID NG 71
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
AAAECKLI SE EDLNGAAHHH HHH 23
<212> Type : PRT
<211> Length : 23
SequenceNane : Tag-2 , SEQ ID NG 72
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

gaggt gcaat t ggt ggagt ct gggggaaact t ggt gcaggcet ggggggt ct ct gggact ct cct gt gcagcct ct gt aag

cat ct ccagt at ccat at cat gggct ggt accggcaggct ccaggcaaacagcgcegact t ggt cgct act att act agt g

gt ggt agcacagcat at gcagact ccgt gaagggacgat t caccgt ct ccaaagacaacgccaagaacacggt gt atctg

caaat ggacagcct gaaacct gaggacacat ccgt ct at t act gt gcagccgaggt cagaaat ggggt gt t t ggaaaat g

gaat cact act ggggccaggggacccaggt cacggt ct cct caggaggt ggcgggt ccggaggcggat ccgaggt acage
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t ggt ggagt ct gggggt ggct t ggt gcaaccgggt aacagt ct gcgect t aget gcgecagegt ct ggetttaccttcage
tcctttggcat gaget gggtt cgccagget ccgggaaaaggact ggaat gggtttcgt ct att agcggecagt ggt agega
t acgct ct acgcggact ccgt gaagggecgt tt caccat ct cccgecgat aacgccaaaact acact gt at ct gcaaat ga
at agcct gcgt cct gaagacacggecgtttattact gt act att ggt gget cgtt aagecgttcttcacagggt accctg
gtcaccgtctcctca
<212> Type : DNA
<211> Length : 735

SequenceNanme : 07B11-9GS- Al b8 , SEQ I D NO 73

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
gaggt gcaat t ggt ggagt ct gggggaggat t ggt gcaggcet ggggagt ct ct gact ct ct cct gt gcagcect ct ggacg
cacctt aagt gcct at at cat gggct ggt t ccgccagget ccagggaaggagegggagt tt gt agecggt at ct ggagt g
gt ggt t acacacacct t gcagact ccgcgaagggcecgat t cagcat ct ct agagacaacgccaagaacact gt atatctg
caaat gaacggcct gaaacct gaggacacggccgt ct at t act gt gcagcaggt ct gagaggccgccagt at agt aact g
gggccaggggacccaggt cacggt ct cct caggaggt ggcgggt ccggaggeggat ccgaggt acaget ggt ggagt ct g
ggggt ggct t ggt gcaaccgggt aacagt ct gcgect t aget gecgecagegt ct ggetttacctt caget cetttggeatg
agct gggt t cgccaggcet ccgggaaaaggact ggaat gggt t t cgt ct at t agcggeagt ggt agcgat acgcet ct acgce
ggact ccgt gaagggcecgt tt caccat ct cccgecgat aacgccaaaact acact gt at ct gcaaat gaat agcct gegt ¢
ct gaagacacggccgtttattact gt act att ggt ggct cgtt aagccgttcttcacagggt accct ggt caccgtctcce
tca
<212> Type : DNA
<211> Length : 723

SequenceNanme : 07C03- 9GS- Al b8 , SEQ I D NO 74

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
gaggt gcaat t ggt ggagt ct gggggaggat t ggt gcaggcet ggggact ct ct gagact ct cct gt gcagect ct ggact
cactttcagt aact at gacat gggct ggt t ccgccaggct ccagggaaggagegt gaat t t gt aggggct agt t ggt gga
gt ggt ggt gcecccat act at t cagact ccgt gaagggecgat t caccat ct ccagagacaacgccaagaacacggt gt at
ct gcaagcgaacagcect gagacct gaggacacggcecgt tt att act gt gcagccaaaagget gegt agt tt cgect ccgg
t gggt cgt at gat t act ggggt caggggacccaggt cacggt ct cct caggaggt ggcgggt ccggaggeggat ccgagg
t acagct ggt ggagt ct gggggt ggct t ggt gcaaccgggt aacagt ct gcgect t aget gcgcagegt ct ggetttace
ttcagctcctttggeat gaget gggtt cgccagget ccgggaaaaggact ggaat gggt tt cgt ct at t agcggceagt gg
t agcgat acgcet ct acgcggact ccgt gaagggcecgt tt caccat ct cccgecgat aacgccaaaact acact gt at ct gc
aaat gaat agcct gcgt cct gaagacacggecgtttattact gt act att ggt ggct cgtt aagecgttctt cacagggt
accct ggt caccgtctcctca
<212> Type : DNA
<211> Length : 741

SequenceNanme : 08A05- 9GS- Al b8 , SEQ I D NO 75

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
gaggt gcaat t ggt ggagt ct gggggaggct t ggt gcaggcet ggagggt ct ct gagact ct cct gt gcaget t ct ggaag
cat cttcagt at cgct gccat ggget ggt accgeccaggcet acagggaagcagegcegagt t ggt cgcaact at cact gat g
gcggt acgacaacct at gcagact ccgt gaagggccgagt caccat ct ccagggacaggt ct gcgaacacggt gt atctg
gcaat gaacaat t t gaaacct gat gacacagccgtct att att gtt at gcgt at ct gcget at acaagcagagt acct gg
cgat aact act ggggccaggggacccaggt cacggt ct cct caggaggt ggcgggt ccggaggcggat ccgaggt acage
t ggt ggagt ct gggggt ggct t ggt gcaaccgggt aacagt ct gcgect t aget gcgecagegt ct ggetttaccttcage
tcctttggcat gaget gggt t cgccagget ccgggaaaaggact ggaat gggtttcgt ct att agcggecagt ggt agega
t acgct ct acgcggact ccgt gaagggecgt tt caccat ct cccgecgat aacgccaaaact acact gt at ct gcaaat ga
at agcct gcgt cct gaagacacggecgtttattact gt act att ggt gget cgtt aagecgttcttcacagggt accctg
gtcaccgtctcctca
<212> Type : DNA
<211> Length : 735

SequenceNanme : 08A10- 9GS- Al b8 , SEQ I D NO 76

SequenceDescription :

Sequence
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<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
gaggt gcaat t ggt ggagt ct gggggaggct t ggt gcagect ggggggt ct ct gagaat t t cct gt gcagcect ct ggaag
catctaccttatcaattacat gggct ggt accgccaggcet ccagggaagcagegcegagt t ggt cgcaacgcett act agt g
gt ggt agt accaact at gcaggct ccgt gaagggccgat t cgeccat ct ccagagacaacgccaagaacacggtttatctg
caaat gaacagcct gaaacct gaggacacggccgt ct at t act gt aat at aggaggaacgct at acgacagaaggceggt t
t gaat cct ggggccaggggacccaggt cacggt ct cct caggaggt ggcgggt ccggaggeggat ccgaggt acaget gg
t ggagt ct gggggt ggct t ggt gcaaccgggt aacagt ct gcgect t aget gcgecagegt ct ggectttaccttcagetce
ttt ggcat gagct gggt t cgccaggcet ccgggaaaaggact ggaat gggt tt cgt ct at t agcggcagt ggt agcgat ac
gct ct acgcggact ccgt gaagggecgt tt caccat ct cccgecgat aacgccaaaact acact gt at ct gcaaat gaat a
gcet gegt cct gaagacacggecgtttattact gt act att ggt ggct cgtt aagecegtt ctt cacagggt accectggtc
accgtctcctca
<212> Type : DNA
<211> Length : 732

SequenceNanme : 14G03- 9GS- Al b8 , SEQ I D NO 77

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCL VESCCGNL VOACGGSL GLSCAASVSI SSI HI MGWYRQAPGKQRDL VATI TSGGSTAYADSVKGRFTVSKDNAKNT VYL
QVDSLKPEDTSVYYCAAEVRNGVF GKWNHYWGQGT QVTVSSGGEGEGESGEGSEVAL VESGEEL VOAGESL TLSCAASGRTLS
AYl NGWFRCAPGKEREFVAG WSCGGYTHLADSAKGRFSI SRDNAKNT VYL OWNGLKPEDTAVYYCAAGL RCRQYSNWECOG
TCQVTVSS
<212> Type : PRT
<211> Length : 247

SequenceNanme : 07B11-9GS- 07C03 , SEQ I D NO 78

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCL VESCCGL VOQACGESL TL SCAASGRTL SAYI MGWFRQAPGKEREFVAG WSGGYTHLADSAKGRFSI SRDNAKNT VYL
QUNGLKPEDTAVYYCAAGL RGRQY SNWGCQGT QVTVSSGGGGSGGGSE VAL VESGGNL VOAGGSL GLSCAASVSI SSI HI M
G\éW\/?C)gngRDLVATI TSGGSTAYADSVKGRFTVSKDNAKNT VYL QVDSL KPEDTSVYYCAAEVRNGYFGKWNHYWEOG
TOVTV
<212> Type : PRT
<211> Length : 247

SequenceNanme : 07C03- 9GS- 07B11 , SEQ I D NO 79

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCLVESCCGNL VOAGGSLGL SCAASVSI SSI HI MGWYRCAPGKCRDL VATI TSGGSTAYADSVKGRF TVSKDNAKNT VYL
QVDSLKPEDTSVYYCAAEVRNGVF GKWNHYWGQGT QVTVSSGGEGEGESGEGESEVAL VESGEEL VOPGNSL RLSCAASGETFS
SFAVBW/RQAPGKGEL EWSSI SGSGSDTL YADSVKGRFTI SRDNAKTTL YL OWMNSL RPEDTAVYYCTI GCSLSRSSQGTL
VTVSSGGGEGSGGEGSEVQL VESGCEL VOACGESL TL SCAASCRTL SAYI MAWFRQAPGKEREFVAGI WSGGYTHLADSAKGR
FSI SRDNAKNT VYL QUNGLKPEDTAVYYCAAGL RGRQYSNWEQGTAVTVSS
<212> Type : PRT
<211> Length : 371
SequenceNanme : 07B11-9GS- Al b8-9GS-07C03 , SEQ I D NO 80
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

EVCLVESCCGNL VOAGGSLGLSCAASVSI SSI HI MGWYRCAPGKCQRDL VATI TSGGSTAYADSVKGRF TVSKDNAKNT VYL
QVDSLKPEDTSVYYCAAEVRNGVF GKWNHYWGQGT QVTVSSGGEGEGESGEGSEVAL VESGEEL VOAGESL TLSCAASGRTLS
AYl NGWFRCAPGKEREFVAG WSCGGYTHL ADSAKGRFSI SRDNAKNT VYL OWNGLKPEDTAVYY CAAGL RCRQYSNWEOG
TQVTVSSGGGEGSGGEGSEVAL VESCCEL VOPCENSL RL SCAASGF TFSSFGAVBW/RCQAPGKGL EW/SSI SGSGSDTL YADSV
KCRFTI SRDNAKTTLYLQVNSL RPEDTAVYYCTI GGSLSRSSQGTLVTVSS

<212> Type : PRT
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<211> Length : 371
SequenceNanme : 07B11-9GS- 07C03- 9GS- Al b8 , SEQ I D NO 81
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQL VESCCCGL VQACDSL RLSCAASCL TFSNY DMGWE ROAPGKEREF VGASWASGGAPYYSDSVKGRF TI SRDNAKNTVY
LQANSL RPEDTAVYYCAAKRL RSFASGGSYDYWSCQGTQVT VSSGEEESGGEGSEVAL VESGEEL VOAGGSL RLSCAASGSI
FSI AAMGAYRQATGKCREL VATI TDGGT TTYADSVKGRVTI SRDRSANTVYLAMNNLKPDDTAVYYCYAYL RYTSRVPGD
NYWEQGTCVTVSS
<212> Type : PRT
<211> Length : 253

SequenceNanme : 08A05- 9GS- 08A10 , SEQ I D NO 82

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCGL VOAGCSL RLSCAASGSI FSI AAMGWYRQATGKQREL VATI TDGGT TTYADSVKGRVTI SRDRSANT VYL
AMNNLKPDDTAVYYCYAYL RY TSRVPCDNYWEQGET QVTVSSCEEESCGEESEVAL VESCEEL VOPGNSLRLSCAASGFTFS
SFAVBW/RQAPGKGEL EWSSI SGSGSDTL YADSVKGRFTI SRDNAKTTL YL OWMNSL RPEDTAVYYCTI GCSLSRSSQGTL
VTVSSGGGGSGGGSEVQL VESGCEL VQACCSL RLSCAASCSI FSI AAMGWYRQAT GKCREL VAT TDGGTTTYADSVKGR
VTl SRDRSANTVYLAMNNL KPDDTAVYYCYAYL RYTSRVPGDNYWEQGTQVTVSS
<212> Type : PRT
<211> Length : 375
SequenceNanme : 08A10- 9GS- Al b8- 9GS- 08A10 , SEQ I D NO 83
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCGL VOAGCSL RLSCAASGSI FSI AAMGWYRQATGKQREL VATI TDGGT TTYADSVKGRVTI SRDRSANT VYL
AMNNLKPDDTAVYYCYAYL RY TSRVPCDNYWEQGET QVTVSSCCEESCGEESEVAL VESCEEAL VOAGGSL RLSCAASGSI FS
| AAMGAWYRCQATGKCREL VATI TDGGTTTYADSVKGRVTI SRDRSANT VYL AMNNLKPDDTAVYYCYAYL RYTSRVPGDNY
WGECOGTQVTVSSGGGEGSGGGESEVAL VESCCEEL VOPCGNSL RL SCAASGF TFSSFGVBW/RCQAPGKGL EW/SSI SGSGSDTLY
ADSVKGRFTI SRDNAKTTLYLQWNSLRPEDTAVYYCTI GGSLSRSSQGTLVTVSS
<212> Type : PRT
<211> Length : 375
SequenceNanme : 08A10-9GS- 08A10-9GS-Alb8 , SEQ ID NO 84
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQL VESCCGL VQACDSL RLSCAASCL TFSNYDMGWF ROAPGKEREF VGASWASGGAPYYSDSVKGRF TI SRDNAKNTVY
L QANSL RPEDTAVYYCAAKRL RSFASGGSYDYWEQGT QVTVSSGEEESGEGSEVAL VESGEEL VOAGGSL RLSCAASGSI
FSI AAMGAYRCATGKCREL VATI TDGGT TTYADSVKGRVTI SRDRSANT VYL AMNNL KPDDTAVYYCYAYL RYTSRVPGD
NYWEQGTQVTVSSCGEEGESGEGSEVAL VESGEEL VOPGNSL RL SCAASGF TFSSFAVBWROAPGKGL EWSSI SGSGSDT
LYADSVKGRFTI SRDNAKTTLYLQVUNSLRPEDTAVYYCT| GGSLSRSSQGTLVTVSS
<212> Type : PRT
<211> Length : 377
SequenceNanme : 08A05- 9GS- 08A10- 9GS- Al b8 , SEQ I D NO 85
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

EVCL VESCCGNL VOAGGSL GLSCAASVSI SSI HI MGWYRQAPGKQRDL VATI TSGGSTAYADSVKGRFTVSKDNAKNT VYL
QVDSLKPEDTSVYYCAAEVRNGVF GKWNHYWGQGT QVTVSSGGEGEGESGEGESEVAL VESGGEEL VAT GGSLRLSCAASGRTFS
SYAMBW/ROAPCGKCGL EWVSG KSSGDSTRYAGSVKCGRFTI SRDNAKNML YL QW SLKPEDTAVYYCAKSRVSRTGLYTYD
NRGQGTQVTVSS

<212> Type : PRT
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<211> Length : 252
SequenceNanme : 07B11-9GS- 238D2 , SEQ I D NO 86
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCL VESCCGL VQACESL TL SCAASGRTL SAYI MGWFRQAPCKEREFVAG WSGGYTHLADSAKGRFSI SRDNAKNT VYL
QWNGLKPEDTAVYYCAAGL RCRQYSNWEQGT QVTVSSGECGSGEGESEVAL MESGEEL VOAGGSL RL SCAASGRTFNNYAM
GWFRRAPGKEREFVAAI TRSGVRSGVSAI YGDSVKDRFTI SRDNAKNTL YL OMNSL KPEDTAVYTCAASAI CSGAL RRFE
YDYSGQGTQVTVSS
<212> Type : PRT
<211> Length : 254

SequenceNanme : 07C03- 9GS- 2384 , SEQ I D NO 87

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCGL VOAGCSL RLSCAASGSI FSI AAMGWYRQATGKQREL VATI TDGGT TTYADSVKGRVTI SRDRSANT VYL
AMNNLKPDDTAVYYCYAYL RY TSRVPCDNYWEQGET QVTVSSCEEESCGEESEVAL VESCEEL VOPGNSLRLSCAASGFTFS
SFAVBW/RQAPGKGEL EWSSI SGSGSDTL YADSVKGRFTI SRDNAKTTL YL OWMNSL RPEDTAVYYCTI GCSLSRSSQGTL
VTVSSGGGEGSGGEGSEVAL VESGCEGEL VAT GGSL RLSCAASGF TFSSYAMBW/RCOAPGKGL EWSG KSSCDSTRYAGSVKG
RFTI SRDNAKNM. YL QWSL KPEDTAVYYCAKSRVSRTCGL YTYDNRGQGTQVTVSS
<212> Type : PRT
<211> Length : 376
SequenceNanme : 08A10- 9GS- Al b8- 9GS- 238D2 , SEQ I D NO 88
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQL VESCCGEL VQACDSL RLSCAASCL TFSNYDMGWF ROAPGKEREF VGASWASGGAPYYSDSVKGRF TI SRDNAKNTVY
LQANSL RPEDTAVYYCAAKRL RSFASGGSYDYWEQGT QVT VSSGEEGSGEGSEVAL MESGEEL VOAGGSL RL SCAASGRT
FNNYAMGAWF RRAPGKEREFVAAI TRSGVRSGVSAI YGDSVKDRFTI SRDNAKNTL YLQWNSLKPEDTAVYTCAASAI GSG
AL RRFEYDYSGOGTQVTVSSGGEECESCEESEVAL VESCEGEL VOPGNSL RL SCAASGF TFSSFGVBWRQAPCKGL EW/SSI
SGSGSDTLYADSVKGRFTI SRDNAKTTL YL OMNSL RPEDTAVYYCTI GGSLSRSSCQGTLVTVSS
<212> Type : PRT
<211> Length : 384
SequenceNanme : 08A05- 9GS- 238D4- 9GS- Al b8 , SEQ I D NO 89
SequenceDescription :

Sequence

<213> (rgani smNanme : Macaca fascicularis

<400> PreSequenceString :

MDLHVFDYSE PGNFSDI SWP CNSSDC! VWD TVMCPNVPNK SVLLYTLAFI Y1 FI FVI GM 60

ANSVVWWN  QAKTTGYDTH CYI LNLAI AD LWWVLTI PVW VVSLVCHNCW PMGELTCKVT 120
HLI FSI NLFG Sl FFLTCVBV DRYLSI TYFT NTSSSRKKW RRVVCVLVW. LAFCVSLPDT 180
YYLKTVTSAS NNETYCRSFY PEHSI KEW.I GVELVSVVLG FAVPFSVI AV FYFLLARAI S 240
ASGDCEKHSS RKI | FSYVWV FLVOW.PYHV AVLLDI FSI L HYI PFTCRLE HALFTALHVT 300
QCLSLVHCCV NPVLYSFI NR NYRYELMKAF | FKYSAKTGL TKLI DASRVS ETEYSALEQS 360
TK 362

<212> Type : PRT

<211> Length : 362
SequenceNanme : Cynonol gus CXCR7 or c¢CXCR7 , SEQ ID NG 90
SequenceDescription :

Sequence
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<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCGL VAT GASL RL SCAASGRT FSNYAMGWF ROAPGKERERVAAI TPRAFTTYYADSVKGRFTI SRDNAKNTAY
LOWSLKPEDTAVYYCAAQL VGSGSNL GRCESYAYWEQGTQVTVSS
<212> Type : PRT
<211> Length : 126

SequenceNane : 01C10 , SEQ ID NG 91

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVQTGASLRL SCAASCGRTFS 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : 01C10 FR1 , SEQ ID NG 92
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
NYAMG 5
<212> Type : PRT
<211> Length : 5
SequenceNanme : 01C10 CDR1 , SEQ ID NG 93
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
WFRCAPGKER ERVA 14
<212> Type : PRT
<211> Length : 14
SequenceNanme : 01C10 FR2 , SEQ ID NG 94
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
Al TPRAFTTY YADSVKG 17
<212> Type : PRT
<211> Length : 17
SequenceNanme : 01C10 CDR2 , SEQ ID NG 95
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RFTI SRDNAK NTAYLQWSL KPEDTAVYYC AA 32
<212> Type : PRT
<211> Length : 32
SequenceNanme : 01C10 FR3 , SEQ ID NG 96
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
QLVGSGSNLG RCESYAY 17
<212> Type : PRT
<211> Length : 17
SequenceNanme : 01C10 CDR3 , SEQ ID NG 97
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SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
VWGOGTQVTVS S 11
<212> Type : PRT
<211> Length : 11
SequenceNanme : 01C10 FR4 , SEQ ID NG 98
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQL VESCCCGL VQAGASL RL SCAASGRT FSNYAMGWF ROAPGCKERERVAAI SPSAVTTYYADSVKGRFTI SRDNAKNTAY
LOWSLKPEDTAVYYCAAQL PGRGSNL GROASYAYWEQGTQVTVSS
<212> Type : PRT
<211> Length : 126
SequenceNanme : 01C12 , SEQ ID NG 99
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQL VESCCGL VQAGASL RL SCAASGRT FSNYAMGAF ROAPGKEREPVAAI SPAAL TTYYADFVKGRFTI SRDNAKNTAY
LAWSLKPEDTAVYYCAACL VGSGSNL GROOSYAYWCQGTQVTVSS
<212> Type : PRT
<211> Length : 126
SequenceNane : 01B12 , SEQ ID NG 100
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCCGL VQAGASL RL SCAASGRT FSNYAMGWF ROAPGCKEREPVAAI SPAAL TTYYADFVKGRFTI SRDNAKNTAY
LAWSLKPEDTAVYYCAACQL VGSGSNL GROCBYAYWEQGTCVTVSS
<212> Type : PRT
<211> Length : 126
SequenceNanme : 01F11 , SEQ ID NG 101
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCL VESCCGL VQAGASL RL SCAASGRT FGNYAMGWF ROAPGKEREPVAAI SPAAVTTYYADFVKGRFTI SRDNAKNTAY
LAWSLKPEDTAVYYCAACL VGSGSNL GROOSYAYWCQGTQVTVSS
<212> Type : PRT
<211> Length : 126
SequenceNane : 01B10 , SEQ ID NG 102
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVQAGASLRL SCAASCGRTFS 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : 01C12 FR1 , SEQ ID NG 103
SequenceDescription :

Sequence
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<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVQAGASLRL SCAASCGRTFS 30
<212> Type : PRT
<211> Length : 30

SequenceNanme : 01B12 FR1 , SEQ ID NG 104

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVQAGASLRL SCAASCGRTFS 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : 01F11 FR1 , SEQ ID NG 105
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCQLVESCCG LVQAGASLRL SCAASCRTFG 30
<212> Type : PRT
<211> Length : 30
SequenceNanme : 01B10 FR1 , SEQ ID NG 106
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
NYAMG 5
<212> Type : PRT
<211> Length : 5
SequenceNanme : 01C12 CDR1 , SEQ ID NG 107
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
NYAMG 5
<212> Type : PRT
<211> Length : 5
SequenceNanme : 01B12 CDR1 , SEQ ID NG 108
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
NYAMG 5
<212> Type : PRT
<211> Length : 5
SequenceNanme : 01F11 CDR1 , SEQ ID NG 109
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
NYAMG 5
<212> Type : PRT
<211> Length : 5
SequenceNanme : 01B10 CDR1 , SEQ ID NG 110
SequenceDescription :
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Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
WFRCAPGKER ERVA
<212> Type : PRT
<211> Length : 14
SequenceNanme : 01C12 FR2
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
WFRCAPGKER EPVA
<212> Type : PRT
<211> Length : 14
SequenceNanme : 01B12 FR2
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
WFRCAPGKER EPVA
<212> Type : PRT
<211> Length : 14
SequenceNanme : 01F11 FR2
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
WFRCAPGKER EPVA
<212> Type : PRT
<211> Length : 14
SequenceNanme : 01B10 FR2
SequenceDescription :

Sequence

<213> OrganismNane : Artificial

<400> PreSequenceString :

Al SPSAVTTY YADSVKG

<212> Type : PRT

<211> Length : 17
SequenceNanme : 01C12 CDR2
SequenceDescription :

Sequence

<213> OrganismNane : Artificial

<400> PreSequenceString :

Al SPAALTTY YADFVKG

<212> Type : PRT

<211> Length : 17
SequenceNanme : 01B12 CDR2
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
Al SPAALTTY YADFVKG
<212> Type : PRT
<211> Length : 17
SequenceNanme : 01F11 CDR2

eol f - ot hd- 000001

Sequence

, SEQ I D NO

Sequence

, SEQ I D NO

Sequence

, SEQ I D NO

Sequence

, SEQ I D NO

Sequence

, SEQ I D NO

Sequence

, SEQ I D NO

Sequence

, SEQ I D NO
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SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

Al SPAAVTTY YADFVKG

<212> Type : PRT

<211> Length : 17
SequenceNanme : 01B10 CDR2 , SEQID
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RFTI SRDNAK NTAYLQWSL KPEDTAVYYC AA
<212> Type : PRT
<211> Length : 32
SequenceNanme : 01C12 FR3 , SEQID
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RFTI SRDNAK NTAYLQWSL KPEDTAVYYC AA
<212> Type : PRT
<211> Length : 32
SequenceNanme : 01B12 FR3 , SEQID
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RFTI SRDNAK NTAYLQWSL KPEDTAVYYC AA
<212> Type : PRT
<211> Length : 32
SequenceNanme : 01F11 FR3 , SEQID
SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
RFTI SRDNAK NTAYLQWSL KPEDTAVYYC AA
<212> Type : PRT
<211> Length : 32
SequenceNanme : 01B10 FR3 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

QLPGRGSNLG ROASYAY

<212> Type : PRT

<211> Length : 17
SequenceNanme : 01C12 CDR3 , SEQID
SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence
<400> PreSequenceString :

QLVGSGSNLG RQOBYAY

<212> Type : PRT
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<211> Length : 17
SequenceNanme : 01B12 CDR3
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
QLVGSGSNLG RQOBYAY
<212> Type : PRT
<211> Length : 17
SequenceNanme : 01F11 CDR3
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
QLVGSGSNLG RQOBYAY
<212> Type : PRT
<211> Length : 17
SequenceNanme : 01B10 CDR3
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
VWGOGTQVTVS S
<212> Type : PRT
<211> Length : 11
SequenceNanme : 01C12 FR4
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
VWGOGTQVTVS S
<212> Type : PRT
<211> Length : 11
SequenceNanme : 01B12 FR4
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
VWGOGTQVTVS S
<212> Type : PRT
<211> Length : 11
SequenceNanme : 01F11 FR4
SequenceDescription :

Sequence
<213> OrganismNane : Artificial
<400> PreSequenceString :
VWGOGTQVTVS S
<212> Type : PRT
<211> Length : 11
SequenceNanme : 01B10 FR4
SequenceDescription :

Sequence

<213> OrganismNane : Artificial
<400> PreSequenceString :
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EVQL VESCCCEL VQACDSL RLSCAASCL TFSNYDMGWE ROAPGKEREF VGASWASGGAPYYSDSVKGRF TI SRDNAKNTVY
LQANSL RPEDTAVYYCAAKRL RSFASGGSYDYWEQGT L VT VSSGEGEGESGEEGESGEEGESGEEGESGEEGESEEEESEEEESEY
QLVESGGEEL VOAGDSL RLSCAASGL TF SNYDVGWF ROAPGKEREF VGASWABGGAPYYSDSVKGRF TI SRDNAKNTVYLQ
ANSL RPEDTAVYYCAAKRL RSFASCGGSYDYWEQGTL VT VSSCEEESCEESEVAL VESCEGEL VOPCNSLRLSCAASGFTFS
SFG%/EV\X/ROAPGKG_ EW/SSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQWNSL RPEDTAVYYCTI GGSLSRSSQGTL
VTV
<212> Type : PRT
<211> Length : 405

SequenceNanme : clone 060 , SEQ ID NG 131

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQL VESCCGL VQACDSL RLSCAASCL TFSNYDMGWF ROAPGKEREF VGASWASGGAPYYSDSVKGRF TI SRDNAKNTVY
LQANSL RPEDTAVYYCAAKRL RSFASGGSYDYWEQGT L VT VSSGEEGESEEEESEEEGESEEEGESGEEGSGEEGSEVALVES
GGGELVQPGNSL RL SCAASGF TF SSF GVBWRCOAPGKGL EWSSI SGSGSDTL YADSVKGRFTI SRDNAKTTLYLQWNSLR
PEDTAVYYCTI GCSLSRSSQGTLVTVSS
<212> Type : PRT
<211> Length : 268

SequenceNanme : clone 083 , SEQ ID NG 132

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCLVESCCGL VOPCGGESLRI SCAASGSI YLI NYMGWYRQAPGKQREL VATL TSGGSTNYAGSVKGRFAI SRDNAKNT VYL
QUNSLKPEDTAVYYCNI GGTL YDRRRFESWGCGTL VTVSSGGEEGESGEEGESGEEESCEEESCEEGESCEEESEGEEESEVALY
ESCCCL VAT GASL RL SCAASCRT FSNYAMGWF ROAPGKERERVAAI TPRAFTTYYADSVKGRFTI SRDNAKNTAYLQWS
LKPEDTAVYYCAACL VGSGSNL GROESYAYWEOGT L VT VSSGEEEGESEEEGESEEEGESGEEGESEEGEGESGEGEGESGEGEGSEVAL
VESGGGEL VOPGNSL RL SCAASGF TFSSFGVBW/RCQAPGKGL EW/SSI SCSCSDTL YADSVKGRFTI SRDNAKTTLYLQWN
SLRPEDTAVYYCT| GGSLSRSSQGTLVTVSS
<212> Type : PRT
<211> Length : 431

SequenceNanme : clone 085 , SEQ ID NG 133

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCLVESCCGL VAT GASL RL SCAASGRT FSNYAMGWF RQAPGKERERVAAI TPRAFTTYYADSVKGRFTI SRDNAKNTAY
LAWSLKPEDTAVYYCAACL VGSGSNL GRCESYAYWEQGT L VTVSSCEGGSGEEESGGEGESGAEGES CEGGESEEEESGEEG
SEVQLVESGGEEL VAT GASL RL SCAASGRTF SNYAMGWF ROAPGKERERVAAI TPRAFTTYYADSVKGRFTI SRDNAKNTA
YLAWSLKPEDTAVYYCAACL VGSCSNL GROESYAYWEQGT L VT VSSGEEESGEEESCEEGSGEEGESGEEGSCEEESCEG
GSEVCQL VESGEE VOPGNSL RL SCAASGF TFSSFGAVBWRCOAPGKGLEWSSI SGSGSDTL YADSVKGRFTI SRDNAKTT
LYLQWNSLRPEDTAVYYCTI GGSLSRSSQGTLVTVSS
<212> Type : PRT
<211> Length : 437

SequenceNanme : clone 093 , SEQ ID NG 134

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCGL VOQACGCGSL RLSCAASGSI FSI AAMGWYRQATGKQREL VATI TDGGT TTYADSVKGRVTI SRDRSANT VYL
AMNNL KPDDTAVYYCYAYL RYTSRVPCDNYWEQGT L VT VSSCEEESCEEESGEEESGEEESGEGESGEEESEGEEESEVAL
VESGGGL VAT GASL RL SCAASGRT FSNYAMGWF ROAPGKERERVAAI TPRAFTTYYADSVKGRFTI SRDNAKNTAYLQW
SLKPEDTAVYYCAAQL VGSGSNL GRCESYAYWGCGTL VTVSSGGGEGSGGEGSEVAL VESGGGEL VOPCGNSL RLSCAASGFTF
SSFGI%/EV\X/ROAPGKG_ EW/SSI SGSGSDTLYADSVKGRFTI SRDNAKTTLYLQWNSLRPEDTAVYYCTI GGSLSRSSQGT
LVTV
<212> Type : PRT
<211> Length : 406

SequenceNanme : clone 021 , SEQ ID NG 135

SequenceDescription :
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Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQL VESCCGEL VQACDSL RLSCAASCL TFSNYDMGWF RQAPGKEREF VGASWASGGAPYYSDSVKGRF TI SRDNAKNTVY
LQANSL RPEDTAVYYCAAKRL RSFASGGSYDYWEQGTL VT VSSGEEGESGEEGESGEEGESGEEESGEEGESEEEESEEEESEY
QL VESGGEEL VQTGASL RL SCAASGRTF SNYAMGWF ROAPGKERERVAAI TPRAFTTYYADSVKGRFTI SRDNAKNTAYLQ
MVSLKPEDTAVYYCAAQL VGSGSNL GRCESYAYWEOGTL VT VSSGEGEGSGEGSEVAL VESGGEEL VOPGANSL RLSCAASGF
gSSFGg/gV\X/ROAPGKG_ EW/SSI SGSGSDTL YADSVKGRFTI SRDNAKTTL YLQWNSLRPEDTAVYYCTI GGSLSRSSQ
LVTV

<212> Type : PRT
<211> Length : 408

SequenceNanme : clone 023 , SEQ ID NG 136

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCLVESCCGL VOPCGGESLRI SCAASGSI YLI NYMGWYRQAPGKQREL VATL TSGGSTNYAGSVKGRFAI SRDNAKNT VYL
QWNSLKPEDTAVYYCNI GGTL YDRRRFESWEQGT L VT VSSCGEGESGEEESGEEESGEEGSGEEESGEEESGEEESEVALY
ESCCCGL VAT GASL RL SCAASCRT FSNYAMGWF ROAPGKERERVAAI TPRAFTTYYADSVKGRFTI SRDNAKNTAYL QWS
LKPEDTAVYYCAAQL VGSGSNL GROESYAYWEOGT L VT VSSGGEGEGSGEGSEVAL VESGEEL VOPGNSL RLSCAASGETFS
SFAVBW/RQAPGKGL EWSSI SGSGSDTL YADSVKGRFTI SRDNAKTTLYLGWNSL RPEDTAVYYCTI GCSLSRSSQGTL
VTVSS
<212> Type : PRT
<211> Length : 405

SequenceNanme : clone 038 , SEQ ID NG 137

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVCLVESCCGL VAT GASL RL SCAASGRT FSNYAMGWF RQAPGKERERVAAI TPRAFTTYYADSVKGRFTI SRDNAKNTAY
LAQWSLKPEDTAVYYCAAQL VGSGSNL GROESYAYWEOGT L VT VSSGEEGESGEEGESEEEGESEEGEESGEGEGESGGEEESEEEG
SEVQLVESGGEEL VOAGDSL RLSCAASGL TFSNYDVGWF RCAPGKEREF VGASWABGGAPYYSDSVKGRF TI SRDNAKNTV
YL QANSL RPEDTAVYYCAAKRL RSFASCCSYDYWCEQGTL VT VSSCCECESCEESEVAL VESCCEL VOQPGNSL RL SCAASGE
gSSFGg/gV\X/ROAPGKG_ EW/SSI SGSGSDTL YADSVKGRFTI SRDNAKTTL YLQWNSLRPEDTAVYYCTI GGSLSRSSQ
LVTV

<212> Type : PRT
<211> Length : 408

SequenceNanme : clone 049 , SEQ ID NG 138

SequenceDescription :

Sequence
<213> Organi smName : Artificial Sequence
<400> PreSequenceString :
EVQLVESCCCL VAT GASL RL SCAASGRT FSNYAMGWF ROAPGKERERVAAI TPRAFTTYYADSVKGRFTI SRDNAKNTAY
LAWSLKPEDTAVYYCAACL VGSGSNL GRCESYAYWEQGT L VT VSSGEGGESGEEESGGEGESGAEGS CEGESEEEESGEEG
SEVCOLVESGGEELVOPGGSLRI SCAASGS| YLI NYMGWYRQAPGKCOREL VATL TSGGSTNYAGSVKGRFAI SRDNAKNT VY
LQWNSLKPEDTAVYYCNI GGTL YDRRRFESWEQGT L VT VSSGEGEGSGEGESEVAL VESGEEL VOPGNSL RLSCAASGETES
SFAVBW/RQAPGKGL EWSSI SGSGSDTL YADSVKGRFTI SRDNAKTTLYLGWNSL RPEDTAVYYCTI GCSLSRSSQGTL
VTVSS
<212> Type : PRT
<211> Length : 405

SequenceNanme : clone 052 , SEQ ID NG 139

SequenceDescription :

Sequence

<213> Organi smName : Artificial Sequence

<400> PreSequenceString :

EVCLVESCCGGL VOPCGCESLRI SCAASGSI YLI NYMGWYRQAPGKQREL VATL TSGGSTNYAGSVKGRFAI SRDNAKNT VYL
QUNSLKPEDTAVYYCNI GGTL YDRRRFESWGCGTL VTVSSGGEEGESGEEGESGEEGESCEEESCEEESGEEESGEEESEVALY
ESGGGELVQAGESL TLSCAASGRTLSAY! MGWF ROAPGKEREFVAG WSGGYTHLADSAKGRFSI SRDNAKNT VYL QWVNGL
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KPEDTAVYYCAAGL RGRQYSNWGEQGTL VT VSSGGEEGSGEGSEVAL VESGEEL VAPGNSL RL SCAASGF TFSSFAVBWRQ
APGKGLEW/SSI SGSGSDTL YADSVKGRFTI SRDNAKTTL YLQWNSL RPEDTAVYYCTI GGSLSRSSQGTLVTVSS
<212> Type : PRT
<211> Length : 396
SequenceNanme : clone 086 , SEQ ID NG 140
SequenceDescription :
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