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IMPROVED IMMUNOGLOBULIN SINGLE VARIABLE DOMAINS AND CONSTRUCTS THEREQF
DIRECTED AGAINST CHCRS

The present invention refates 1o amino acid seguences that are directed against CXCR4; as well as

protein, constructs and compounds comprising the same; and also nucleic acids encoding the same.

Further aspects, embodiments, features, advantages, uses, applications and advantages from the

present invention will become clear from the further description herein.

The international application WO 09/138519 by Ablynx N.V. entitled “"Amino acid sequences directed
against CXCR4 and other GPCRs and compounds comprising the same” describes aminc acid
sequencas against G-protein coupled receptors (GPCRs) and in particular human CXCR4, Genbank

accession number AFO05058.

Unless explicitly mentioned otherwise herein, all terms mentioned herein have the meaning given in
WO (9/138519 (or in the prior art cited in WO 09/138519). Also, where a method or technigue is not
specifically described herein, it can be performed as described in WO 08/138519 (or in the prior art
cited in WO 09/138519]. For example, the term "Nanobody” is as defined in WO 09/138519, and
thus in a specific aspect generally denotes a VHH, a humanized VHH or a camelized VH (such as a
camelized human VH) or generally a sequence optimized VHH {such as e.g. optimized for chemica!
stability and/or solubility, maximum overiap with known human framework regions and maximum

expression).

WO 09/138519 describe a number of amino acid sequences and in particular VHMs and constructs
thereof that are directed against human CXCR4 {see for example the amino acid sequences
mentioned such as SEQ ID NO: 238 and SEQ 1D NO: 239 in Table B-1.1 of WO 098/138519). WO
09/138519 also describes multivalent, multispecific and/or biparatopic constructs (as defined in WO
09/138519) that are directed against human CXCR4. Reference is for example made to the
constructs referred to in Example 4 of WO 09/138519 such as SEQ I3 NOC: 264 in Table B-5 of WQ
09/138519).

One particularly preferred exampie of an amino acid sequence against human CXCR4 from WO

(09/138519 is the sequence calied 238D2 (see SEQ ID NO: 238 in WO 09/138518):

EVOLVESGGGLVOTGGSLRLSCAASGFTFSSYAMSWYVROAPGKGLEWVSGIKSSGDSTRYAGSVKGRFTISR
DNAKNMLYLOMYSLKPEDTAVYYCAKSRVSRTGLYTYDNRGQGTOVTVSS (SEQ ID NO: 1)
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One other particularly preferred example of an amino acid sequence against the human CXCR4 from

WO 09/138519 is the sequence calied 238D4 {see SEQ ID NO: 239 in WO 09/138519):

EVGLMESGGGLVOAGGSLRLSCAASGRTFNNYAMGWFRRAPGKEREFVAAITRSGVRSGVSAIYGDSVKDR
FTISRDNAKNTLYLOGMNSLKPEDTAVYTCAASAIGSGALRRFEYDYSGQGTQVTVSS (SEQ 1D NO: 2)

WO 09/138519 further gives some non-limiting examples of multivalent, multispecific and/or
biparatopic constructs that comprise 238D2 or 238D4 (see for example SEQ 1D NO's: 261 to 266 in
WO 09/138519 and in particular 238D2-20G5-238D4),

One other particularly preferred example of an aming acid sequence against the human CXCR4 from

WO 09/138519 is the sequence called 238D2-20GS-238D4 (see SEQ ID NO: 264 in WO 09/138519):

EVQLVESGGGLYOTGGSLRLSCAASGFTFSSYAMSWVRGAPGKGLEWVSGIKSSGDSTRYAGSYKGRFTISR
DNAKNMLYLOMYSLKPEDTAVYYCAKSRVSRTGLYTYDNRGOGTQVTVSSGGGGSGGGGESGGGESGEGE
SEVQLMESGGGLVQAGGSLRLSCAASGRTFNNYAMGWFRRAPGKEREFVAAITRSGVRSGVSAIYGDSVKD
RFTISRDNAKNTLYLOMNSLKPEDTAVYTCAASAIGSGALRRFEYDYSGQGTQVTVSS (SEQ 1D NO: 3)

Generally, the anti-human CXCR4 amino acid sequences and constructs from WO 09/138519 show
excelient biological activity and other desired properties. However, this does not mean that an anti-
human CXCR4 amino acid sequence that would have (even further) improved properties would not

be a valuable addition to the art.

The invention provides such improved anti-human CXCR4 amino acid sequences, and in particular
{even further) improved variants of the sequences 238D2 {SEQ ID NO:1), 238D4 (SEQ ID NO:2} and
238D2-20GS-238D4 {SEQ 1D NO:3).

In one aspect, the amino acid sequence provided by the invention is a variant of 238D2-20G5-238D4
that comprises, at position 5 of the 238D4 building block {numbering according to Figure 5 of this
application}, a valine instead of the original methionine residue. In this aspect, an amino acid
sequence of the invention may be a variant of 238D2-20G5-238D4, also referred to herein as
4CXCR100 (SEQ ID NQ: 4) that comprises, at position 5 of the 238D4 building block {numbering

according to Figure 5 of this application), a valine residue:

EVOLVESGGGLVQTGGSLRLSCAASGFTFSSYAMSWYROAPGKGLEWVSGIKSSGDSTRYAGSVYKGRFTISR
DNAKNMLYLOMYSLKPEDTAVYYCAKSRVSRTGLYTYDN RGQGTQVTVSSGGGGSGGGGSGGGGSGGGG.
SEVQLVESGGGLVQAGGSLRLSCAASGRTFNNYAMGWEFRRAPGKEREFVAAITRSGVRSGVSAIYGDSVKD
RFTISRDNAKNTLYLOMNSLKPEDTAVYTCAASAIGSGALRRFEYDYSGQGTQVTVSS (SEQ 1D NO: 4 or
4CXCR100)
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In another aspect, the aminc acid sequence provided by the invention is a variant of 238D2-20GS-
238D4 that comprises i} at position 5 of the 238D4 huilding block (numbering according to Figure 1
of this application)}, a valine instead of the original methionine residue; and ii} at position 77 of the
238D2 building block (numbering according to Figure 1 of this application), a threonine instead of
the originat methionine residue. In this aspect, an amino acid sequence of the invention may be a
variant of 238D2-20GS-238D4, also referred to herein as 4CXCR10I (SEQ D NO: 5} that comprises §)
at position 5 of the 238D4 building biock {numbering according to Figure 5 of this application), a
vaiine residue; and ii) at position 77 of the 23802 building block {numbering according to Figure 5 of

this application), a threonine:

EVCLVESGGGELVQTGGSERLSCAASGFTRSSYAMSWVROAPGKGLEWVSGIKSSGDSTRYAGSVK GRFTISR
DNAKNTLYLOMYSLKPEDTAVYYCAKSRVSRTGLYTYDNRGOGTQVTVSSGGGGSGGGGESGGEESGGEGES
EVOLVESGGGLVOAGGSLRLSCAASGRTENNYAMGWEFRRAPGKEREFVAAITRSGVRSGVSAIYGDSVKDR
FTISRDNAKNTLYLOMNSLKPEDTAVYTCAASAIGSGALRRFEYDYSGQGTAQVTVSS (SEQ ID NO: 5 or
ACXCR101)

Generally, an “optimized variant” of an amino acid sequence according to the invention is a variant
that comprises one or more beneficial substitutions such as a substitutions increasing i) the degree
of “humanization”, i) the chemical stability, and/or iii) the level of expression; while the potency
{measured e.g. by the potency assay as described in the experimental part of WO 09/138519 or in
this application} remains comparable {i.e. within a 10% deviation) to the wild type 238D2-20GS-
238D4 (SEQ 1D NO: 3) or comparable to the variant 4CXCR100 (SEQ ID NO: 4}. Preferably, compared
o the wild-type sequence of 238D2-20GS-238D4, an amino acid sequence of the invention contains
at least one such substitution, and preferably at least two such substitutions, and preferably at least
three humanizing substitutions and preferably at least 10 such humanizing substitutions. Also, again
compared to the wild-type sequence 238D2-20GS-23804, the amino acid sequences of the invention
preferably comprise a maximum of 20 substitutions, and preferably a total of 15, 13, 11 or 10
substitutions {although the maximum number may in some cases not be critical, depending on the
substitutions chosen). Some preferred, but non-limiting examples of such substitutions will became
clear from the further description herein, and for example inciude, without limitation, for the 238D2
building block: T14P, M77T, Y82aN, K83R, and/or Q108L; and for the 238D4 bhuilding block: M5V,
A14P, R39Q, K83R, T91Y, and/or Q108L {numbering according to Figure 5 of this application).

Also, as further described herein, the amino acid sequences of the invention may contain one or

more other/further substitutions. Again, some preferred, but non-limiting examples of such
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other/further substitutions will become clear from the further description herein, and for example

may include {and preferably essentially consist of) one or more of the foliowing substitutions {also

referred to herein as “substitutions {a} to {c)"):

{a}  one or more canservative amino acid substitutions; and/or

(b}  one or more substitutions in which a “camelid” amino acid residue at a certain position is
replaced by a different “camelid” amino acid residue that occurs at said position (for which
reference is for example made to Figures 1-4). Some non-imiting examples of such
substitutions are V5L, M43K {substitution to the residue that is most prevalent in this position
in both human VH's as well as VHH’s), S49A and/or A745; and/or

{c} one or more substitutions that improve the (other} properties of the protein, such as
substitutions that improve the long-term stability and/or properties under storage of the
protein. These may for example and without limitation be substitutions that prevent or reduce
oxidation events {for example, of methionine residues); that prevent or reduce pyroglutamate
formation; and/or that prevent or reduce isomerisation or deamidation of aspartic acids or
asparagines {for example, of DG, DS, NG or NS motifs). For such substitutions, reference is for
example made to the International application WG 09/095235, which is generally directed to
methods for stabilizing single immunoglobulin variable domains by means of such
substitutions, and also gives some specific example of suitable substitutions (see for example
pages 4 and 5 and pages 10 to 15). One exampie of such substitution may be to replace an NS
motif at positions 82a and 82b with an NN motif;

{d}  orany suitable combination of two or more of any of the foregoing substitutions {(a) to {c).

It will be clear from the disclosure herein that the amino acid seguences of the invention contain at
least one “amino acid difference” compared to each of the sequences of 238D2-20G5-238D4,
respectively (in which the term "omine ocid difference” is used herein in the same meaning as
defined in WO 09/138519, namely as an insertion, deletion or substitution of a single amino acid
residue on a position of the first sequence, compared to the second sequence; it being understood
that two aminc acid sequences can contain one, fwo, 5, 10, 11, 12 or more such amino acid
differences. In the context of the present invention, any amino acid difference is preferably a

substitution}.

in particular, compared to the seqguence of 238D2-20G5-238D4, the amino acid sequences of the

invention contain at least one substitution (as defined herein), and may optionally contain one or
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more further substifutions (such as any one of, or any suitable combination of any two or more of,

the further substitutions (a) to {c) as mentioned herein).

In a preferred aspect of the invention, the amino acid sequences of the invention contain compared
to the sequence 238D2-20GS-238D4 at least the substitutions: for the 23802 building biock: T14P,
M77T, Y82aN, KB3R, and Q108L and for the 238D4 building block: M5V {numbering according to
Figure 5 of this application); also referred to herein as 4CXCR103 {SEQ ID NO: 6):

EVOLVESGGGEVOPGGSLRLSCAASGFTFSSYAMSWYROAPGKGLEWVYSGIKSSGDSTRYAGSVKGRFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAKSRVSRTGLYTYDNRGQGTLVTVSSGGGGSGEGGESGGGGESGGEEES
EVOLVESGGGLVOAGGSLRLSCAASGRTENNYAMGWFRRAPGKEREFVAAITRSGVRSGVSAIYGDSVKDR
FTISRDNAKNTLYLOMNSLKPEDTAVYTCAASAIGSGALRRFEYDYSGQGTQVTVSS (SEQ ID NO: 6) or
4CXCR103);

and may optionally contain one or more further humanizing substitutions (as described herein)
and/or may optionally contain one or more further substitutions (such as any one of, or any suitable
combination of any two or mare of, the further substitutions {a) to (c) as mentionad herein); or a

suitable combination of such humanizing substitutions and such other substitutions.

In a preferred aspect, the amino acid sequences of the invention contain a total of between 6 and
15, preferably between 9 and 13, such as 10, 11 or 12 amino acid substitutions compared to the
wild-type sequence 238D2-20GS5-238D4. As mentioned, these differences preferably at least
comprise one and preferably both of the substitutions M5V in the 238D4 building block and/or
M77T in the 238D2 bhuilding block, and at least one, preferably at least two, such as three, four or
five or ten humanizing substitutions, and may optionally comprise one or more further substitutions
(such as any one of, or any suitable combination of any two or more of, the further substitutions (a)
te {c) as mentioned herein}. Again, based on the disclosure herein and optionally after a limited
degree of trial and error, the skilied person will be able to select (a suitable combination of) one or

more such suitable humanizing and/or further substitutions.

in another specific aspect, the amino acid sequences of the invention contain a total of between 1
and 15, such as one, 5 or 10 amino acid differences compared to the seguence of 4CXCR100, in
which at ieast one of these amino acid differences is the substitution M77T in the 238D2 buiiding
block and the other substitutions may for example be, and preferably are, either one or more
further beneficial substitutions (better expression and better chemical stability) and/or one or more
further substitutions {such as any one of, or any suitable combination of any two or more of, the

further substitutions {a} to (c) as mentioned herein). Again, based on the disclosure herein and
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optionally after a limited degree of trial and error, the skilled person will be able to select (a suitable

combination of) one or more such suitable humanizing and/or further substitutions.

Also, most preferably, these amino acid differences compared to 238D2-20G5-238D4 and/or
4CXCR100 are most preferably located in the framework regions {defined according fo Kabat,
reference is again made to WO 09/138519), although it is not fully excluded that a very limited
number of these amino acid differences (such as for example only one or two) may be present in the
CDR’s (as long as these do not detract {too much} from the desired affinity, on-rate or offrate (for
example, such amino acid differences in the CDR's may be introduced as a result of affinity

maturation}.

A preferred, but non-limiting aspect of an amino acid sequence of the invention is the amino acid
sequences of the invention that contain compared to the sequence 238D2-20G5-238D4 at least the
substitutions: for the 238D2 building block: T14P, M77T, Y82aN, K83R, and QI108L and for the 238D4
building block: M5V, A14P, R39Q, K83R, T91Y, and Q108L {numbering according to Figure 5 of this
application); also referred to herein as 4CXCR104 (SEQ ID NO: 7):

EVOLVESGGGLYQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSGIKSSGDSTRYAGSVKGRFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAKSRVSRTGLYTYDNRGOGTLVIVSSGGGEGESGGGGESGGEGE5GEE6ES
EVQLVESGGGIVQPGGSLRLSCAASGRTFNNYAMGWFROAPGKEREFVAAITRSGVRSGVSAIYGDSVKDR
FTISRDNAKNTLYLQMMNSLRPEDTAVYYCAASAIGSGALRRFEYDYSGQGTLVTVSS (SEQ ID NO: 7) or
4CXCR104);

and may optionally contain one or more further humanizing substitutions (as described herein)
and/or may optionally contain one or more further substitutions (such as any one of, or any suitable
combination of any two or more of, the further substitutions {a) to {c) as mentioned herein); or a

suitabie combination of such humanizing substitutions and such other substitutions.

Other amino acid sequences of the invention may for example contain a total of hetween one and
five, such as one, two or three amino acid differences compared to the sequence of 4CXCR104
(while retaining all substitutions as defined above for 4CXCR104), in which such amino acid
differences may for exampie be, and most preferably are, either one or more further humanizing
substitutions and/or any one of, or any suitable combination of any two or more of, the further

substitutions {a) to (c} as mentioned herein.

in a preferred aspect of the invention, it has been found that optimized varianis of 238D2-20GS-

23804 such as 4CXCR103 and/or 4CXCR104 are more humanized, more stable, and give higher
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expression or production yields and/or may have other advantages compared to other humanized
variants of 238D2-20GS-238D4 that comprise e.g. a valine at position 5 for the 238D4 building block
and a threonine at position 77 of the 238D2 building block (= 4CXCR101). Without being limited to
any specific explanation or hypothesis, it is believed that this may be due to the fact that the
preferred variants of 238D2-20G5-238D4 that comprise the substitutions as defined above for
4CXCR103 and/or ACXCR104 allow the amino acid sequences of the invention to better able 1o fold
into the desired immunoglobulin domain structure and/or, upon folding, to take on a more stable

immunogiobulin domain structure.

Thus, in a specific, but non-limiting aspect, the invention relates to an amino acid sequence (i.e. an
amino acid sequence of the invention) that is a variant of 238D2-20GS-238D4 (SFQ ID NO: 3) that
comprises, compared to the amino acid sequence of 238D2-20G5-238D4, (i) the MBV mutation in
the 238D4 building block; and {ii) the M77T mutation in the 238D2 building block; and optionally (iii)
at least one to twenty, preferably at least one to eleven, and maore preferably four or eleven
substitutions (as defined herein i.e. one or more humanizing substitutions as well as one or more
further suitable amino acid substitutions (preferably, any one of, or any suitable combination of any

two or more of, the further substitutions {a) to (c) as mentioned herein).

As mentioned, such a variant of 238D2-20GS5-238D4 preferably contains (i) a total of between 7 and
15, preferably between 9 and 13, such as 10, 11 or 12 amino acid differences compared to the wild-

type sequence 238D2-20GS-238D4.

In another aspect, the inventicn relates to an amino acid sequence {i.e. an amino acid sequence of
the invention) that is a varfant of 4CXCR101 (SEQ ID NO: 5) that comprises, compared to the amino
acid sequence of 4CXCR101, at least the substitutions: for the 238D2 buiiding blocl: 114k, M77T,
Y82ZaN, K83R, and Q108L and for the 23804 building block: M5V {also referred herein as 4CXCR103
or SEQ ID NO: 6); and optionally {iii) as well one or more further suitabie amino acid substitutions
{preferably, any one of, or any suftable combination of any two or maore of, the further substitutions
{8} to (c} as mentioned herein}. Such a variant of 4CXCR103 preferably contains {i) a total of between
1 and 10, preferably 5 amino acid substitutions compared to the sequence of 4CXCR103 (although
the maximum number may in some cases not be critical, depending e.g. on the humanizing

substitutions chosen).

tn another aspect, the invention reiates to an amino acid sequence (i.e. an amino acid sequence of
the invention} that is a variant of 4CXCR103 that comprises, compared to the amino acid sequence

of 4CXCR103, {i} for the 238D4 building block: A14P, R39Q, K&3R, T91Y, and Q108L (also referred to
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herein as 4CXCR104 or SEQ 1D NO: 7); and optionally {ii) as well ene or more further suitable amino
acid substitutions, in which said amino acid differences are preferably substitutions and more
preferably substitutions that are chosen from one or more further humanizing substitutions
{compared to the humanizing substitutions already present in 4CXCR104) and/or from any one of,
or any suitable combination of any two or more of, the further substitutions {a} to (c) as mentioned

herein.

The invention aiso relates to proteins and polypeptides that comprise or essentially consist of an

aminoc acid sequence of the invention,

An alignment of 238D2-20G5-238D4 (W0 09/138519) with 4CXCR238D2 and 4CXCR238D4 is given in
Figure 5, which form the basis for 4CXCRI00 (invention), 4CXCR101 (invention), 4CXCR103
{invention), and 4CXCR104 {invention).

With respect to any humanizing substitutions that may be present in the amino acid sequences of
the invention (i.e. compared to 238D2-20GS-238D4 (WO 09/138519), 4CXCR100 {invention),
4CXCR10L {invention}, 4CXCR103 {invention), and 4CXCR104 (invention)), it is remarked that as
described in WO 09/138519, a humanizing substitution can generally be defined as a substitution
whereby an amino acid residue that occurs in a framework regions of a camelid V,, domain is
replaced by a different amino acid that occurs at the same position in the framework region of a
human V), domain {and preferably, a human V3 domain). Thus, suitable humanizing substitutions
will be clear o the skilled person based on the disclosure herein, the disclosure in WO 09/138519,
and from a comparison of the amino acid sequence of a given Viw sequence and one or more human

Vy sequences.

Reference is for example made to the attached Figures 1-4 (which have been taken from Tables A-6
to A-8 of WO 09/138519), which list some of the amino acid residues that have been found to occur
in the framework regions of camelid VHH domains, and the corresponding amino acid residue(s) that
most often occur in the framework regions of a human V.3 sequence {such as for exampie, the
germline sequences DP-47, DP-51 ar DP-29), The humanizing substitutions that can be taken from
these Figures are also some of the preferred humanizing substitutions used in the invention;
however, it may also be possible to use humanizing substitutions that have been obtained by
comparison with other germiine sequences (from the V3 class or sometimes also from other v,
classes). As generaily known from WO 09/138519 (and from the patent applications from Ablynx
N.V. and the further prior art mentioned in WO 09/138519), based on such sequence comparison,

particularly suited and/or optimal humanizing substitutions (and combinations thereof) may
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generally be determined by limited trial and error, i.e. by introducing one or more envisaged
humanizing substitutions and testing the humanized variants thus obtained for one or more desired
properties, such as melting temperature, affinity, potency, properties upon formatting, expression
levels in & desired host organism, and/or other desired properties for VHH domains or Nanobodies
or proteins/polypeptides comprising the same, for which again reference is made to WO 09/138519

and the further patent applications by Ablynx N.V. mentioned therein).

With regard to humanizing substitutions, it should be noted that for the purposes of the present
application, any substitutions at any of the camelid “Hallmark residues” (see again WO09/068627, as
well as Figures 1-4) should not be counted as a “humanizing substitution”. Such substitutions at any
of the Hallmark residues may or may not be present, and which when present may or may not be a
substitution in which an amino acid residue in a VHH is replaced by an amino acid residue that
occurs al the same position of a human V., sequence. For example, such a substitution at a Hallmari
residue may for example also be a substitution in which an amino acid residue that occurs at the
Hallmark position is replaced by another amino acid residue that occurs at said position in camelid

Vi sequences (reference is again made to Figures 1-4).

It will be clear to the skilied person from the disclosure herein that the amino acid sequences of the
invention are directed against human CXCR4 and are improved variants for 238D2-20GS-238D4 as
described in WO 09/138519. Thus, the amino acid sequences of the invention can be used for the
same purposes, uses and applications as described in WO 09/138519, for example to inhibit signaling
that is mediated by human CXCR4 and/or its ligand(s); and/or in the prevention or treatment of
diseases associated with an increased signalling of CXCR4, such as the various diseases in the group
of cancer such as hematopoietic cancers like CLL, AML, ALL, MM, Non-Hodgkin lymphoma, solid
tumors such as breast cancer, lung cancer, brain tumors, ovarian cancer, stromal chemoresistance of
tumors, leukemia and other cancers, disrupting adhesive stromal interactions that confer tumor celi
survival and drug resistance, maobilizing tumour cells from tissue sites and making them better
accessible to conventional therapy, inhibiting of migration and dissemination of tumor celis
(metastasis), inhibiting or paracrine growth and survival signals, inhibiting pro-angiogenesis effects
of SDF-1, inflammation and inflammatory disorders such as bowel diseases {colitis, Crohn’disease,
IBD}, infectious diseases, psioriasis, autoimmune diseases (such as MS), sarcoidosis, transplant
rejection, cystic fibrosis, asthma, chronic obstructive pulmonary disease, rheumatoid arthritis, viral
infection, HIV, West Nile Virus encephalitis , common variable immunodeficiency. Furthermore, the
amino acid sequences of the invention can be used for stem cell mobilization in various patients in

need of stem cells after X-ray radiation such as e.g. cancer patients after radiation treatment to
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replenish the stem cell poo! after radiation in cancer patients, or in patients in need of more stem
celis, e.g. in patients with ischemic diseases such as mvyocardial infarction {M!), stroke and/or
diabetes {i.e. patients in need of tissue repair) wherein more stem cell would be re-transfused {after
mobilization, screening, selection for lineage in need {e.g. cardiac, vascular lineages) and ex-vivo

expansion of patient’s own stem cells),

In particular, the amino acid sequences of the invention are very potent (i.e. EC5C values as
measured e.g. in the experimental part in the pM range) antagonists of human CXCR4 and/or are
tnverse agonists in certain continuously active human CXCR4 mutants {see e.g. Example 5§ of WO
09/138519). Reference is for example made to Example 5 and 6 on pages 222ff of WO 09/138519, as
wel as the further general disclosure of WO 09/138519. More in particular, the amino acid
sequences of the invention may be used as an improved alternative to 238D2-20GS5-238D4, and thus
may in particular be used for the same purposes as described in WO 09/13851% for 238D2-20GS-
238D4.

As already mentioned in WO 08/138519, one of these applications of 238D2-20GS-238D4 {and thus
for the amino acid sequences of the invention} is as a building block in compounds or constructs that
comprise, next to one or more amino acid sequences of the invention, and one or more other
groups, residues, meoieties, binding domains or binding units (as described in WO 09/138519). For
example, as described in WO 09/138519, such one or more further binding domains or binding units
may be other immunoglobulin single variable domains, VHH's, {single} domain antibodies,
Nanobodies or dAb’s, and these may for example be directed against a protein or binding unit that
provides for increased half-life (for exampie, albumin or a binding unit or binding peptide that can

bind to a serum protein such as albumin}.

Such multispecific constructs are preferably proteins and polypeptides {i.e. encoded by a nucleotide
sequence and/or capable of being expressed by a host or host cell), as also generally described in

WO 09/138519.

As described herein “polypeptides of the invention” may be essentially as described for the
“polypeptides of the invention” described in WO 09/138519 that comprise 238D2-20G5-238D4 and
one or more substitutions {e.g. as disclosed herein) and are in particular and preferred 4CXCR103

and 4CXCR104, and most preferred are 4CXCR104.

Preferably, all amino acid sequences and Nanobodies of the invention and polypeptides of the
invention are capable of undergoing essentially the same binding interactions as described in WO

(09/138519 for 238D2-20GS-238D4, and polypeptides comprising 238D2-20G5-238D4.
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Also, amino acid sequences of the invention preferably have a functional activity (as measured using
the cAMP Hunter eXpress CXCR4 assay described in Example 2 in the experimental part) that is
essentially the same than the funictional activity of 238D2-20GS5-2380D4,

Moreover, amino acid sequences of the invention preferably have z inhibiting activity in the
chemotaxis assay (see Example 4 in the experimental part) that is essentially the same than the

activity of 23802-20GS-238D4.

Polypeptides of the invention preferably have a functional activity as measured using the cAMP
Hunter eXpress CXCR4 assay described in Example 3 in the experimental part that has an EC50 value
that is lower than about 100nM such as between 100nM and 50nM or lower, more preferably that is

50nM or lower (see Example 4),

Poiypeptides of the invention preferably have an inhibiting activity in the chemotaxis assay (see
Example 4 in the experimental part} that has an IC50 value that is jower than 0.8 nM such as

between 0.6 nM and 0.8 nM {see Example 4).

in another aspect, the invention relates to a nucleic acid that encodes an amino acid sequence of the
invention, a Nanobody of the invention or a polypeptide of the invention {or a suitable fragment
thereof). Such a nucleic acid will also be referred to herein as a “nucleic acid of the inventior?’ and
may for example be as essentially further described in WO 09/138519; and may in particular be in
the form of a genetic construct, again as essentially further described in WO 08/138519 and may be

the nucleic acid sequences as disciosed herein (SEQ ID NO: 11 to 14).

in another aspect, the invention relates to a host or host cell that expresses {or that under suitable
circumnstances is capable of expressing) an amino acid sequence of the invention, a Nanobody of the
tnvention and/or a polypeptide of the invention; and/or that contains a nucleic acid of the invention.
Such a host or host cell may again generally be as described in WO 09/138519 and may be Pichia

Pastoris as disclosed in the experimental part of this application.

The invention also refates to methods for the production/expression of the amino acid sequences,
Nanobodies and poiypeptides of the invention. Such methods may generally comprise the steps of (i)
the expression, in a suitable host cell or host organism or in another suitable expression system of a
nucleic acid that encodes an aminc acid sequence, a Nanobody or polypeptide of the invention,
optionally followed by: (i) isolating and/or purifying the amino acid sequence, Nanobody or
polypeptide of the invention thus obtained. in particular, such a method may comprise the steps of

{i} cultivating and/or maintaining a host of the invention under conditions that are such that said
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host of the invention expresses and/or produces at least one amino acid sequence, Nanobody
and/or palypeptide of the invention; aptionally followed by (i) isolating and/or purifying the amino
acid seguence, Nanobody or polypeptide of the invention thus obtained. These methods again may

essentially be performed as described in WO 09/138519.

in another aspect the invention relates to a method for producing an amino acid sequence, a

Nanobody or protein or polypeptide according to the invention by the methods as described in

W02010/125187, which is incorporated herein by its entirety. In particular, the invention relates to

a method for preducing an amino acid sequence, a Nanobody or protein or polypeptide according to

the invention, said method at least comprising the steps of culturing a host cell to produce said

amino acid sequence, a Nanobody or protein or polypeptide according to the invention comprising:

a) cultivating said host cell in a cutture medium under conditions that are such that said host cell
will multiply;

b) maintaining said host cell under conditions that are such that said host cell expresses and/or
produces said amino acid sequence, a Nanobody or protein or polypeptide according to the
invention;

optionally followed by

c) secreting said amino acid sequence, Nanobody or protein or polypeptide according to the
tnvention into the culture medium by said host cell; and

d) isolating and/or purifying the secreted amino acid sequence, Nanobody or protein or

polypeptide according to the invention from the culture medium.

The invention further relates to a method as described herein, further applying conditions that
promote the formation of disulfide bridges in and/or after step a), step b}, step c), and/or step d).
The conditions that promote the formation of disulfide brides are selected from one or more of the

following:

a) addition of oxidizing agents, preferably oxidizing metal ions, preferably one or more sslected
from Cu2+, Fe2+, Fe3+ and Zn2+;

b} enhancing expression of a thiol isomerase;

cj adapting the culturing conditions by one or more selected from the following: lowering
culturing temperature and/or optimizing the culturing medium, including but not limited to
reduction of methano! feed for hosts reguiring a methanol feed, lowering conductivity of the

culture medium, addition of yeast extract and/or peptone, or any combination thereof;
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d) refolding the amino acid sequence, Nancbody or protein or polypeptide according to the
invention in the presence of redox-buffer, preferably in the additional presence of denaturant;

e} treating the amino acid seguence, Nanobody or protein or polypeptide according to the
invention by oxygenation, increasing temperature, increasing pH, or high pressure, or any
combination thereof; and

f)  combinations of any of a) through e).

The oxidizing agent, preferably oxidizing metal ions, more preferably ane or more selected from
Cu2+, FeZ+, Fe3+ and Zn2+, are added to at least one production step of the an amino acid
sequence, a Nanobody or protein or polypeptide according to the invention, preferably selected
from: culturing the host to produce the amine acid sequence, Nancbody or protein or polypeptide
according to the invention, the culture supernatant comprising the amino acid sequence, Nanobody
of protein or polypeptide according to the invention after removal of the host, any step of purifying
the amino acid sequence, Nancbody or protein or polypeptide according to the invention, or the

purified amino acid sequence, Nancbody or protein or polypeptide according to the invention.

In particular, the present invention relates to a method as described herein, wherein said addition of
oxidizing agents, preferably oxidizing metal ions, preferably Cu2+, Fe2+, Fe3+ and Zn2+, more
preferably 1-10 mM Cu2+ is performed alone, or in combination with one or more of the conditions
according to claim 2 b} to e) and/or in combination with one or more of the conditions as described

herein.

fn pariicular, the present invention relates to a method as described herein, wherein said thiol
isomerase is selected from PDI, calsequestrin and other PDi-related proteins comprising, but not
limited to ERp72, ERp57, ERp&O, ERp44d, ERpS, ERp27 and PDIR, preferably PDI, or coexpressing
genes {such as HACILP, Bip/Kar2p) that increase the basal expression level of foldases and

chaperones.

in particular, the present invention relates to a method as described herein, wherein said culturing
temperature is lowered by 5°C as comgpared 10 the standard culturing temperature for the host

organism.

In particular, the present invention relates to a method as described herein, wherein said methanol

feed is lowered by 30-80% as compared o the standard methanol feed for the respective host.
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In particular, the present invention relates to a method as described herein, wherein said
conductivity of the culture medium is lowered by 30% to 80% as compared to the standard medium

for the respective host.

in particular, the present invention relates to a method as described herein, wherein yeast extract

and/or peptone are added to the culture medium at a concentration in the feed of 0 10 20%.

In particular, the present invention relates to a method as described herein, wherein refolding the
amino acid sequence, Manobody or protein or polypeptide according to the invention in the
presence of denaturant and redox-buffer is performed using 2M guanidinium hydrochloride and 1:5

mM,/mM cystamine/cysteamine.

In particular, the present invention relates to a method as described herein, wherein the amino acid
sequence, Nanabody or protein or polypeptide according to the invention is treated by increasing
the temperature to 40-60°C, preferably 55°C, increasing pH to pH B-9, and/or high pressure to 250-
5000 bar, preferably about 1000-200C bar, optionally combined with oxygenation by purging with

oxXygen.

In particular, the present invention relates to a method as described herein, wherein the amino acid
sequence, Nanobody or protein or polypeptide according to the invention is attached to a stationary

phase of a chromatographic column.

in particular, the present invention relates 1o a method as described herein, wherein said eukaryotic
nost is selected from insect cells, mammalian cells, and lower eukaryotic hosts comprising yeasts
such as Pichia, Hansenula, Saccharomyces, Kluyveromyces, Candida, Torulopsis, Torulaspora,
Schizosaccharomyces, Citeromyces, Pachysolen, Debaromyces, Metschunikowia, Rhodosperidium,

teucosporidium, Botryoascus, Sporidickoius, Endomycopsis, preferably Pichia pastoris.

In another aspect, the invention relates to methods for the production/expression of the amino acid
sequences, Nanobodies and polypeptides of the invention wherein the production/expression is
improved (i.e. 2 to 3.5 higher expression of the selected optimized amino acid sequences,
Nanobodies and polypeptides of the invention) compared to the reference compound 4CXCR100
while having at the same time essentially the same activity than 4CXCR10G, i.e. has an IC50 value in
the chemotaxis assay of about 0.8 nM or lower {see Example 4) and/or an EC50 value in the cAMP
assay of about 55pM or lower (see Example 3). Such methods may generally comprise the steps of (i)
the expression, in a suitable host cell or host organism or in another suitable expression system of a

nucleic acid that encodes an amino acid sequence, Nanchody or polypeptide of the invention {and in
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particular 4CXCR104 or 4CXCR103, or most preferred 4CXCR104), optionally followed by: (i) isolating
and/or purifying the amino acid sequence, Nanobody or polypeptide of the invention thus obtained.
in particular, such a method may comprise the steps of (i} cultivating and/or maintaining a host of
the invention under conditions that are such that said host of the invention expresses and/or
produces at least one amino acid sequence and/or polypeptide of the invention; optionally followed
by (i) isolating and/or purifying the amino acid sequence, Nanobody or polypeptide of the invention

thus obtained.

One specific method for the production/expression of the amino acid sequences, Nanobodies and
polypeptides of the invention is described in the International application of Ablynx N.V. entitled
“Method for the production of domain antibodies”, which has an international filing date of April 30,

2010 and appiication no.: PCT/EP2010/055916.

The invention further relates to a product or composition containing or comprising at least one
amino acid sequence of the invention, at least one polypeptide of the invention {or a suitable
fragment thereof} and/or at least one nucleic acid of the invention, and optionaily one or more
further components of such compositions known per se, i.e. depending on the intended use of the
compositien, Such a product or composition may for example be a pharmaceutical composition {as
described herein), a veterinary composition or a product or composition for diagnostic use {as also

described herein).

The invention aiso relates 1o the use of an amino acid sequence, Nanchbody or polypeptide of the
invention, or of a composition comprising the same, in {methods or compositions for) modulating
and in particular inhibiting {as defined herein and/or in WO 09/138519) CXCR4 and/or CXCR4 -
mediated signalling, either in vitro (e.g. in an in vitro or cellular assay) or in vivo {e.g. in an a single
cell or in a mutticellular organism, and in particular in a mammal, and more in particular in a human
being, such as in a human being that is at risk of or suffers from a disease or disorder associated with

CXCR4 and/or its ligands}.

The invention also relates to methods for modulating and in particular inhibiting (as defined herein
and/or in WO 09/138519) CXCR4 and/or CXCR4 -mediated signalling, either in vitro (e.g. in an in
vitro or cellular assay} or in vivo {e.g. in an a single cell or muiticellular organism, and in particular in
a mammal, and more in particular in a human being, such as in a human being that is at risk of or
suffers from a disease or disorder associated with CXCR4 and/or its ligands), which method

comprises at least the step of contacting CXCR4 with at least one amino acid sequence, Nanohody or
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polypeptide of the invention, or with a composition comprising the same, in a manner and in an

amount suitable to moduiate and in particular to block CXCR4 and/or CXCR4 -mediated signalling.

The invention also relates to the use of an one amino acid sequence, Nanobody or polypeptide of
the invention in the preparation of a composition (such as, without limitation, a pharmaceutical
composition or preparation as further described herein) for modulating and in particular inhibiting
(as defined herein and/or in WO 09/138519) CXCR4 and/or CXCR4 -mediated signalling, either in
vitro (e.g. in an in vitro or celiular assay) or in vivo {2.g. in an a single cell or in a muiticeflular
organism, and in particular in @ mammal, and more in particular in a human being, such as in a
human being that is at risk of or suffers from a disease or disorder associated with CXCR4 and/or its

ligands).

The invention will now be further described by reference to the following non-limiting Experimental

Part and the non-limiting Figures, in which:

FIGURES

Figures 1-4: Tables giving sequence comparisons of the framework regions of human V.3 domains

and Vi, sequences (data taken from WQ 09/138519).

Figure 5: Alignment of clones of interest with their humanized counterparts vs. VH3-23/IH5 with

germline counterparts and residues substituted during optimization underlined

Figure 6: Expression level analysis of 3 clones of respectively 4CXCR101, 4CXCR103 and 4CXCR104

was compared to one clone of the wild type construct 4CXCR100.

Figure 7: The functional activity of the Nanobody construct variants 4CXCR101, 4CXCRI03 and
ACXCR1i0D4 was compared to the parental Nanobody construct 4CXCR100 in a CAMP assay

Figure 8: The functional activity of the Nanobody construct variants 4CXCR101, 4CXCR103 and

4CXCR104 was compared to the parental Nanobody construct 4CXCR100 in a chemotaxis assay

Figure 8: RP-HPLC chromatograms of 4CXCR100 {panel A}, 4CXCR103 (panel B), 4CXCR104 (panel C),
and ACXCR101 (panel D) before and after treatment with 20 mM H,0. for 3 hours at room
temperature, The insets show a zoom on the main peak and the prepeak, which represents the

oxidised protein {wavelength = 280 nm).

Figure 10: The functional activity of the Nanobody construct variant 4CXCR104 was compared to the

benchmark antibody in a pERK assay.
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EXPERIMENTAL PART
Example 1: Seguence optimization of the two building blocks of 238D2-20G5-238D4

The protein sequence of parent 4CXCR238D2 {SEQ [D NO: 1) and 4CXCR238D4 (SEQ ID NO: 2) are
aligned to the human VH3-23 (DP-47) and JH5 germiines (SEQ ID NO: 8) in Figure 5. Amino acid
differences relative to the human germiine sequence are represenied by letters, identical amino
acids by dots. Aminc acid differences in framework regions that are underlined in Figure 5 were
selected for conversion in the variants whereas the others were left untouched. The following 2

building blocks were obtained (Table B-1):

Table B-1:

4CKCROOO3 (SEQ 1D NO: 8):
EVQLLESGGGLVOPGGSLRLSCAASGFTESSYAMSWVYROAPGKGEEWVSGIKSSGDSTRYAGSVKGRFTISRDN
AKNTLYLOMNSLRPEDTAVYYCAKSRVSRTGLYTYDNRGQGTLVTVSS

ACXCRO0Z4 (SEQ 1D NO: 10):
EVQLLESGGGLVOQPGGSLRLSCAASGRTFNNYAMGWFRQAPGKEREFVAAITRSGVRSGVSAIYGDSVKDRFTI
SRDNAKNTLYLOMNSLRPEDTAVYYCAASAIGSGALRRFEYDYSGQGTLVTVSS

Purified, monovalent material was produced from nucleic acid encoding for 4CXCR238D2,
4CXCRO003, 4CXCR238D4 and 4CXCROD24. These materials (also referred te here as Nanobodies)
were then characterized in a number of assays, like binding ELISA and ligand displacement and
others (see Table B-2}. In the binding ELISA assay, CXCR4 lipoparticles were immobitized per well on
96-well Maxisorp plates by overnight coating at 4°C. Following inhibiting with 4% Marvel in PBS, the
Nanobodies were added and bound Nanobody {harbouring a ¢Myc tag) were detected via
sequential mouse anti-Myc and rabbit anti-mouse-HRP detection. In the heat treatment setup,
samples were heated (Tm + 10 °C) prior to the ELISA. The displacement assay was carried out as
described in WO 09/138519. In brief, 40 pM of [*1} $DF-1 ligand (in-house labeled) was atlowed to
bind 2 pg of hCXCR4/HEK293 membrane extracts in presence or absence of the Nanobodies. After
incubation for 1 hour at 4°C, membrane extracts were washed and the total amount of bound ligand
radioactive counts per minute {(cpm) are determined. Aspecific binding of the radio-labeled ligand to
the membrane extracts {(non-CXCR4 related) was determined by addition of excess unlabelled SDF-1
{100 nM) to compete all radic-ligand from the CXCR4 receptor. The aspecific binding vaiue for each
plate was subtracted from the total binding {cpm in absence of Nanobody) and the cpm values

125”

obtained for each Nanobedy, and % residual [ SDF-1 binding in presence of Nanobody was
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calculated. in addition, the variants were analyzed in the thermal shift assay (TSA) and by differential
scanning calorimetry (DSC) as well. Briefly, in the thermal shift assay Nanobodies (0.2 mg/ml) at
different pH (range 3.5-9.0) were subjected to a heating cycie (37 - 90 °C, 0.05 °C/min} in presence
of Sypro Orange. At higher temperatures samples started to unfold and Sypro Orange got un-
guenched by binding to the hydrophobic patches of the Nanobedy which bacame surface exposed.
The fluorescence signal of Sypro Orange was monitored during the heating cycle. In order to obtain
the melting temperature, the first derivative of the signal was calculated. The maximum peak
corresponded to the melting temperature of the Nanobody in a particular buffer. For the DSC assays,
samples (0.5 mg/ml for Tm determination, 0.3 mg/ml for reversibility studies) were analyzed with
the MicroCal Automated VP-capillary Differential Scanning Calorimeter. Samples were heated (1
°C/min} tili 95°C for Tm determination. For reversibility measurements, samples were heated (1
°C/min) till 5°C above Tm and cooled down (1 °C/min} again. The percentage reversibility was
calculated by iooking at the ratio of Cp at the melting temperature and a baseline point. Finally, all
variants were tested by analytical size exclusion chromatography (SEC) to check on unwanted

multimerization (Phenomenex column (BiaSep-Sec2000, flow 200 w/min in PBS)}.

Table B-2: Overview characterization data parenteral compound and sequence optimized variants.

.| Ligand
Binding ELISA displace-
mef_\t'
: . Tl ratio iy Tm G Tm o
] : EC50 - dRCH0 FRUFVRES IR “Ireversibifity | Anabytical 1% human ws
Nanobody 1D 4 ireated |treated | (TEATRA/ CIKE o \TSRGDSC e nem L see YHI23/HH5
: oo funtreated) S G G g

4CXCR238D2 399pM 457pM 1.1 174pM | 614 | 61,3 90,8 Gk 289.7
ACXCROO03 479pM 416pM 0.9 195pM | 61,5 | 61,5 89,5 Ok 86.6
ACXCR238D4 236pM 448pM 19 98pM 71,0 § 70,8 92,7 Gk 80.5
ACXCROOZ4 150pM 462pM 3,1 07pM | 76,5 ¢ 75,4 96,5 Ck 87.4

Overall, the variants showed comparable binding and ligand inhibiting characteristics compared to
their parental counterparts. In addition, the Tm of 4CXCR0024 increased by around 10% upon
sequence optimization. These sequence optimized buiiding blocks were used then to make the
biparatopic constructs 4CXCR101 (SEQ 1D NO: 5), 4CXCR103 {SEQ ID NO: 6) and 4CXCR104 (SEQ, ID
NQ: 7), the only difference being position five of each building block which was valine in the final
construct for which there is no expectation that this mutation {L5V) has an influence on the behavior

of the final construct.
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Example 2: Production at small scale and medium scale of 4C{CR0101, 4CKCR103 and 4CXCR104

a) Cloning, copy number determination and expression analysis.

In this example we describe cloning of the parental 4CXCR100 (238D2-20G5-238D4 with M5V, i.e.
also referred to as SEQ ID NO: 4) and the 3 sequence optimized anti-CXCR4 Nanobady constructs;
respectively 4CXCR101 (SEQ 1D NC: 5}, 4CXCR103 (SEQ 1D NO: 6) and 4CXCR104 (SEC ID NO: 7), their
copy number determination and expression levels after production Pichia pasioris X33 in shake

flasks. The subunits in these bivalent Nanobodies are fused head-to-tail with a 20G/S linker.

The 4 different Nanobody constructs were produced after recombinant expression in Pichia pastoris
expression system, based on Pichia pastoris optimized nucleic acid sequences and the commercially
available system from invitrogen/RTC using X-33 as a host strain. The genes coding for the different
variants 4CXCR101, 4CXCR103 and 4CXCR104 were designed in correspendence to their amino acid
sequence. The genes were synthesized at Geneart and codon use favorable for Pichia expression was

introduced {see Tabie B-3}.

Table B-3: Nucieic acid sequences encoding protein products 4CHCRI00, 4CXCR101, 4CXCR103 and
ACHCR104G

ACKCRI10G - 5EQ ID NO: 11
GAGGTGCAATTGOTGGAGTCTGGGGGAGGLCTEETGCAAACTGGGGGGTCTCTGAGACTCTCCTGTGCAGC
CTCTGGATTCACCTTTAGTAGCTATGLCCATGAGTTGGGETCCGCCAGGLTCCAGGAAAGGGGCTCGAGTGGGETC
TCAGGTATTAAAAGTAGTGGTGATAGTACAAGATATGCGGGCTCCGTGAAGGGLCGATTCACCATCTCCAGA
GACAACGCCAAGAATATGCTGTATCTGCAAATGTACAGCCTGAAACCTGAGGACACGGCCGTGTATTACTGTG
CAAAGTCACGGGTTAGCCGAACCGGATTATATACGTACGACAACAGGGGCCAGGGGACCCAGGTCACCGTCT
CCTCAGGTGGLGEGTGECAGTGOAGGTGGCGGATCCGGCGGEGEAGGTAGTGGGGGTGGGGGLTCAGAGG
TGCAATTGGTGGAGTCTGGGGGAGGATTGGTGCAGGCTGGGGGLTCTCTGAGACTCTCCTGTGCAGCCTCTG
GACGCACCTTCAATAACTATGCCATGGGCTGGTICCGLCGGECTCCAGGGAAGGAGCGTGAATTTGTTGCAG
CTATTACCCGGAGTGGAGTCCOGAGTGGTGTTAGCGCAATCTATGGAGACTCCGTGAAGGACCGATTCACCA
TCTCCAGAGACAACGCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCGTTTA
CACCTGTGCGGCCTCGGCAATAGGATCTGGAGCGCTACGACGTTTTGAGTATGACTACTCGGGLCAGGGGAL
CCAGGTCALCGTCTCCTCATGATAA

4CXCRIO1-SEQ ID NO: 12
GAGGTGCAATTGGTTGAATCTGGTGGTGGATTGGTTCAAACAGGTGGAAGCTTGAGACTTTCCTGTGCAGCTT
CTGGTTTCACCTTTAGCTCCTACGCAATGAGTTGGGETCAGACAAGCTCCAGATAAAGGTCTGGAATGGGTATC
CGGTATTAAGTCTTCTGGTGATTCGACTAGATACGLCTGGTAGTGTTAAGGGCAGATTCACTATTTCGCGAGAT
AACGCTAAGAACACTTTGTACTTGCAAATGTACTCCCTTAAGCCTGAAGATACCGCTGTCTACTACTGCGCAAA
GAGCAGAGTTTCCAGAACTGGACTATACACCTACGACAACAGAGGACAAGGCACACAGGTCACCGTGTCITC
AGGTGGCGGETGGCAGTGGAGGTGGCEGATCCGGCGGGEEAGETAGTGGGGGTGGGGGCTCAGAAGTTCA
ATTGGTCGAAAGTGGTGGAGGTTTGGTACAAGCAGGTGGATCTCTGAGALCTGTCTTGTGCTGCTTCTGGTAG
GACGTTTAACAACTACGCTATGGGTTGGTTTCGAAGAGCCCCAGGAAAAGAAAGGGAATTIGTTGCAGCTAT
CACACGTTCAGGTGTTAGATCAGGTGTCTCTGCTATATACGGAGATAGCGTCAAGGATAGGTTCACGATCAGT
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CGTGATAACGCCAAGAACACCCTTTACCTGCAAATGAACTCGTTGAAACCTGAGGATACTGCTGTITACACTTG
TGCAGCTAGCGCTATTGGTAGTGGCGCTTTGCGTAGATTCGAGTACGACTACTCTGGTCAAGGAACACAGGTC
ACCGTCTCCTCA

ACKCRI03 - SEQ ID NO: 13
GAGGTGCAATTGGTTGAATCTGGTGGAGGTITGGTACAACCAGGTGGTAGCCTAAGACTTTCCTGTGCTGCTA
GTGGATTCACCTTCTCTTCCTACGCAATGAGTTGGGTAAGACAAGCTCCAGGAAAGGGATTGGAATGGGTTA
GCGGAATAAAGTCTTCGGGTGATAGCACACGTTACGCTGGTTCAGTCAAAGGTAGGTTCACGATTAGTCGAG
ATAACGCAAAGAACACTCTATACCTGCAGATGAACTCCTTAAGACCTGAGGACACAGCTGTGTACTALTGTGE
AMAGTCTCGTGTTAGCAGAACTGGTCTTTACACCTACGACAACAGAGGACAAGGAACGTTGGTCACLGTTTICS
TCAGGTGGLGGTGGCAGTGGAGGTGGCGGATCCGGLGGGGGAGETAGTGGEGGEGETECGGEGCTCAGAAGTTL
AATTGGTCGAAAGTGGTGGAGGTTTGGTACAAGCAGGTGGATCTCTGAGACTGTLTTGTGCTGCTTCTGSTA
GGACGTTTAACAACTACGCTATGGGTTGGTTTCGAAGAGCCCCAGGAAAAGAAAGGGAATTTGTTGCAGCTA
TCACACGTTCAGGTGTTAGATCAGGTGTCTCTGCTATATACGGAGATAGCGTCAAGGATAGGTTCACGATCAG
TCGTGATAACGCCAAGAACACCCTTTACCTGCAAATGAACTCGTTGAAACCTGAGGATACTGCTGTTTACACTT
GTGCAGCTAGCGCTATTGGTAGTGGCGCTTTGCGTAGATTCGAGTACGACTACTCTGGTCAAGGAACACAGGT
CACCGTCTCCTCA

4CKCR1I04 - S3EQ 1D NO: 14:
GAGGTGCAATTGGTTGAATCTGGTGGAGGTTTGGTACAACCAGGTGGTAGCCTAAGACTTTCCTGTGCTGETA
GTGGATTCACCTTCTCTTCCTACGCAATGAGTTGGGTAAGACAAGCTCCAGGAAAGGGATTGGAATGGGTTA
GCGGAATAAAGTCTTICGGGTGATAGCACACGTTACGCTGGTTCAGTCAAAGG TAGGTTCACGATTAGTCGAG
ATAACGCAAAGAACACTCTATACCTGCAGATGAACTCCTTAAGACCTGAGGACACAGCTGTGTACTACTGTGE
AAAGTCTCGTGTTAGCAGAACTGGTCTTTACACCTACGACAACAGAGGACAAGGAACGTTGGTCACCGTTTCC
TCAGGTGGCGGTGGCAGTGGAGGTGGCOGATCCGGLGGEGGAGGTAGTGGGGETGGGGGECTCAGAAGTTC
AATTGGTCGAATCTGGTGGAGGTTTGGTTCAACCAGGTGGTTCCTTGAGACTGTCTTGTGCTGCTTCTGGTAG
GACGTTTAACAACTACGCTATGGGTTGGTIFCGTCAAGCTCCAGGTAAAGAGCGAGAATTTGTTGCTGCAATT
ACAAGATCTGGLGTTAGATCTGGAGTATCCGCAATATACGGTGATTCCGTTAAGGACAGATTCACAATCTCAC
GTGATAACGCCAAGAACACTTTGTACCTGCAAATGAACTCCCTAAGACCAGAAGACACTGCAGTCTACTATTG
TGCTGCTTCAGCTATTGGTTICTGGTGCTTTGAGACGATTTGAGTACGATTACTCTGGTCAAGGAACCTTGGTCA
CCGTCTCCTCA

Transformation of the X-33 strain was done with the obtained expression vectors, and clones were
selected on zeocin containing plates. Clones were picked ad random and were streaked on a new
zeocin plate. A gPCR was performed to rank the clones according to their copy numbers. For each
Nanobody construct, 4 different clones with a high copy number (>3) were selected based on a gPCR
copy number screening assay. Next, the respective clones of each construct were tested for their

expression ievel in shake flask.

Figure 6 shows the relative expression levels versus the parental construct after SDS-Page analysis of
a medium sample. All clones from one construct showed equal expression levels. The expression
level of the different constructs could be ranked according to the level of sequence optimization,
which was the highest for 4CXCR104, followed by 4CXCR103, and the lowest expression tevel for
4CXCR101 and the parental Nancbody 4CXCR100. Hence, it appears that the M77T mutation in the
4CXCR238D2 {SEQ ID NO: 1} building block, introduced for sequence optimization, resulied in a
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reduced expression level. Compietely unexpectedly, this reduced expression was not only rescued,
but even significantly improved by further mutations in the 4CXCR238D2 (SEQ ID NO: 1) building
block {cf. expression level of 4CXCR1C3 with 4CXCR101 and 4CXCR102). In fact, the expression level
was further increased by mutating the 4CXCR238D4 (SEC ID NO: 2} building block in addition (cf.

expression level of 4CXCR104 with 4CXCR103).

b} Production via fermentation at medium scale {21),

The different constructs 4CXCR100, 4CXCR101, 4CXCR103 and 4CXCR104 were further evaluated for
their expression level at 2L fermentor scale. Baseline high cell density Pichio pastoris {%33)
fermentation conditions were used with the following parameter settings: temperature set constant
10 30°C, pH 5 during the biomass production and the following induction phase, dissolved oxygen set
constant to 30%, and antifoam A204 {Sigma) for foam control. Cell biomass was accumulated during
the first batch and glycerol fed batch phase, followed by the MeOH induction phase, starting at low
MeOH feed rate (4 mL/L.h with adaptation phase), during which the Nanobody was secreted into the
fermentation medium. The estimated expression titres of the 3 different constructs in the Ably/Hyp-
A medium are shown in 8-4, confirm that also at fermentation scale production, 4CXCR104 had the
highest expression levels, followed by 4CXCR103 and the parental 4CXCR100. The lowest expression
was again observed for 4CXCR101, which was 35% lower compared to the parental construct
ACXCR100. Compared to the parental Nancbody, the production vyields of the sequence optimized
constructs 4CXCR103 and 4CXCR104 were 2 to 3.5 times higher. These increased production vyields

resulting from the amino acid changes is wholly unexpected, but have a ciear economical advantage.

Table 8-4: Overview of the estimated expression vields for the different anti-CXCR4 Nanobody
constructs after SDS5-Page analysis

Construct Wet Cell Weight at | Estimated yield Estimated yield
end of {mg/L clarified (mg/L fermentation
fermentation (g/L) | fermentation medium) | broth)

4CXCR100 | 412g/L 1200 mg/L 706 mg/L

ACXCR101  |374g/L 800 mg/L 495 mg/L

4CXCR103 360 g/t 2500 mg/L 1593 mg/L

4CXCR104 348 g/L 5000 mg/L 2504 mg/L
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Quality controls of the clarified fermentation broth via RP-HPLC analysis after a clean-up step
demonstrated that 4CXCR104 contained a fraction of unpaired cysieine variant (10%), which could

be re-oxidized by copper treatment for 4hrs af the end of induction phase, using 1mM CuS0,.

c) Purification of 4CXCR100; 4CXCR101, 4CXCR103 and 4CXCR104

The parentat 4CXCR100 Nanobody, expressed in Pichio pastoris was purified using a downstream
process consisting of five DSP steps; centrifuged culture broth was clarified by a microfiltration-TEF
step (Hydrosart, 0.2um cassette}, followed by an ultrafiltration-TFF step (Hydrosart 10kDa, Sartocon,
Sartorius). The product was captured on an 5P Sepharose FF equilibrated in 1/10 PBS, pH 6.5 and
eluted with PBS pH7.3, 1M NaCl, followed by a polish step using Poros 50HS, equilibrated in 25m
citric acid pH4.0, and eluted using PBS, 1M NaCl pH 7.3 to remove product related impurities such as
degradation products. Prior to the size exclusion chromatography {SEC) step in PBS, using
Superdex75pg, to remove possible HMW variants, the Nanobodym was concentrated via NFF using
Vivaspin (5kDa MWCO, 20mL Sartorius). DNA and endotoxins were remaoved via an anion exchange
chromatography (AEX) step in flow-through mode, using Source 30Q in PBS. Finally, the product is
sterile filtered through a 0.22um filter prior to freezing at —70°C.

4CXCR101, 4CXCR103 and 4CXCR104 were purified via a 2-step purification procedure to provide
rapidly a limited amount of product, with iow HCP and endotoxin content. After harvest of the
fermentor, part of the spent medium was clarified via a microfittration-TFF step {Hydrosart, 0.2um
cassette) followed by a capture step using Toyopearl GigaCapS-650M equilibrated in 25mM NaPi,
pHE.8 and eluted with 250mM Nall. LPS-removal was done by QOGP (N-octyl-D-glucopyranoside)
treatment followed by SEC in PBS. Prior to this final SEC step; all samples were incubated ON at 4°C
at pH 6.8 in the presence of 100uM CuSQ,, to re-oxidize the unpaired cysteine variant. Purity of the
batches was analyzed via SDS-page, RPC, SEC and LC/MS {data not shown), and was comparable for

all three.

Exampie 3: Functional activity of 4CXCR010L, 4ACHCR103 and 4CXCR104 in cAMP assay

The functional activity of the Nanobody construct variants 4CXCR101, 4CXCR103 and 4CXCR104 was
compared to the parental Nanobody construct 4CXCR100 (238D2-20G5-238D4 with M5V, SEQ 1D NO:
4) in a cAMP assay {[cAMP Hunter™ eXpress CXCR4 Assay, DiscoveRx). For this, cells were seeded in a

96-well plate at a density of 30,000 celis/welt in OCC2 medium and incubated overnight in a 37°C,
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5% CO,, humidified incubator. The medium was aspirated the next day and 45 ul/weli HBSS/10 mM
Hepes/Antihody Reagent mix was added. This mix was composed of 1/3 Antibody Reagent and 2/3
HBS5/10 mM Hepes. A % serial dilution of Nanobody, together with 25 nM SDF-1 {R&D Systems) and
20 uM forskolin {provided with 'kit) was added to the plate and incubated for 30 minutes at 37°C.
Afterwards, 60 uL cAMP Detection Reagent/cAMP Solution [ mixture, composed of 1 part Substrate
Reagent 2, & parts Substrate Reagent 1 and 1S parts cAMP lysis buffer, was transferred to the wells
and incubated for 1 hour at room temperature protected from light. Finally, 60 pL cAMP solution A
was added to each well and incubated for 3 hours at room temperature protected from light. The
plates were read with Tecan infinite F200 using the luminescence program. The results of this assay
{ran in triplicate} are shown in Figure 7 and the IC50 values are summarized in Table B-5. In
conciusion, no large shift in the functional activity of all the CXCR100 variants was observed (see also

Table B-5 below].

Tabie B-5: functional activity of the Nanobody construct variants 4CXCR101, 4CXCR103 and
&CHCR104 was compared to the parental Nanobody construct 4CXCR100 in a cAMP assay:

25,0 nM - 33,8 nM
35,6 nivi 29,6 nM - 42,7 nMt
36,1 nM 30,1 nM - 43,3 nM
42,0 nM 32,7 nM - 53,9 nM

Example 4: Functional activity of 4CX{CR0101, 4CXCR103 and 4CXCR104 in chemotaxis assay

The functionai activity of the three Nanochody variants 4CXCR101, 4CXCR103 and 4CXCR104 was
compared to the parental Nanobody 4CXCR100 in a chemotaxis assay using the Jurkat cell line
(Jurkat E6-1; ATCC). For this, cells were seeded 1 day before the experiment at a cell concentration
of 0.5x10° cell/ml in complete medium {RPMI1640 + 10% FBS). The following day, SDF-1 {200pM
final concentration, R&D Systems) and serially diluted Nanobodies were added to the bottom of
small chemotaxis plate {(Neuprobe 106-5) in a total volume of 29ul. A chemotaxis filier membrane
{ChemcTx® Disposibla, pore size 5um) was placed on top of the wells, ensuring that the membrane
was in contact with the soluiion in the wells below. Nanobody dilution {10ul at 5X the serially
diluted final concentration as below the membrane in each welll was added on top of the
membrane, followed by 40u of Jurkat cell suspension (6.25x10° cell/ml}. The piates were incubated
for 3 hours at 37°C in a humidified incubator {5% CQ,). After incubation, the filters were carefully

removed and the cells in the weli below were resuspended in the existing solution. The compiete



10

15

20

25

30

WO 2011/161266 PCT/EP2011/060738

24

cell suspension was transferred to the corresponding welis of white polystyrene Costar plates. After
this, 30ul of Cell Titer Glo reagent (Promega G7571) was added to each well, followed by a 10
minute incubation, with shaking in the dark. Luminescence was measured {1 sec/well) using
Envision 2103 Multitabel Reader with emission filter 700 (Perkin Elmer). The results of this assay
{duplicate run) are shown in Figure 8 and the IC50 values are summarized in Table B-6, As also seen
for the cAMP assay, no significant difference in potency was observed for the sequence optimized

variants of 4CXCR100.

Table B-6: The functional activity of the three Nancbody variants 4CXCRI01, 4CHCR103 and
4CKCR104 was compared to the parental Nancbody 4CXCRI00 in a chemotaxis assay using the
jurkat celi line

Variant 150 (W)

ACXCR100 631x10Y
ACXCR101 6.26x 10™°
4CXCR103 6.19x 10
4CXCR104 7.88 x 107

Example 5: Chemical stability of 4CXCR0O101, 4CKCR103 and 4CXCR104 in oxidation assay

Forced oxidation experiments in the presence of H)0; have shown that the 238D2 building block of
the biparatopic 4CXCR100 is susceptibie to oxidation. The oxidation site was identifiad as M77 by
peptide mapping and LC/MSMS {results not shown). In arder to reduce the vuinerability to oxidation
and thus to increase the chemical stability of the Nanobody, @ M777 mutation was included during

sequence optimisation of 4CXCR100 into 4CXCR101, 4CXCR103 and 4CXCR104.

To verify that 4CXCR101, 4CXCR103 and 4CXCR104 are less susceptible to oxidation compared to
ACXCR100, the malecules were subjected to a forced oxidation reaction. Briefly, the four Nanobodies
were diluted to 1 mg/ml in D-PBS and incubated for 3 hours at room temperature in the presence of
20 mM H:0; After incubation, the samples were desalted and analyzed on RP-HPLC. The resulting
chromatograms are shown in Figure 9 and the integration data are summarized in B-7, These data
clearly demonstrated that 4CXCR101, 4CXCR103 and 4CXCR104 are fess susceptible to oxidation:
forced oxidation of 4CXCR101, 4CXCR103 and 4CXCR104 resulted in only a minor effect on the
relative pre peak area corresponding to the oxidised variant {increase to 4-9%), whereas the pre
peak of the 4CXCR100 molecule dramatically increased 1o 55.6%. These data confirm that 4CXCR101,
ACXCR103 and 4CXCR104, containing the M77T mutation, are chemically more stable than

4CXCR100.
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Table B-7: Integration results from RP-HPLC analysis of 4CXCRI00, 4CXCRI101, 4CXCR103 and
4CHCR104 before and after treatment with 20 mivl H0;,

Nanobody Area % Prepeak {oxidised) | Area % Main peak
ACXCR100 5.8 91.8
ACXCR100 + 20 mM H,0, 55.6 40.7
ACKCRI0L 5.2 S1.4
4CXCRIOL + 20 mM H,0, 7.6 83.8
4CKCR103 5.0 91.5
4CXCR103 + 20 mM H,O; 9.2 86.2
4CXCR104 11 §95.2
4CXCR1G4 + 20 mM HOs 4,7 83.1
Methods

RP-HPLC experiments were carried out on an Agilent 1200 series instrument from Agilent

Technologies {Palo Altc, USA}. The RP-HPLC conditions were as follows:

Column : Zorbax 3005B-C3, 4.6 x 150 mm, 5 pum {Agilent, Part.No. 883995-909)
Solvent A : 0.1% TFA in H,0
Solvent B : 0.1% TFA in 99.9% ACN

Column temperature ;. 70°C

Flow : 1 mL/min

Amount injected ; 10 ug

Gradient;
Time Mobile phase B
(min) (%)
G 10
2.5 10
3 28
27 36
27.5 a5
30 95
30.1 10
34 10
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Example 6: Potency of 4CKCR104 in a Cell based potency assay: Cellular Erk

in order to examine the potency of the constructs of the invention, a cellular Erk phosphorylation
assay was used comparing 4CXCR104 with a benchmark antibody (an anti-CXCR4 monoclonal

antibody).

Upon ligand binding, CXCR4 is stabilized in a conformation that activates heterotrimeric G-protein, of
which Gi is @ major component, However, other G-proteins and non-G-proteins mediated pathways
are also used. A wide variety of downstream effector pathways are activated such as adenylate
cyclase and phospholipase C that influence intracellular concentrations of second messengers (cyclic
AMP, diacylglycerol, inositol 1,4,5 trisphosphate and Ca2+) but also mediate Extracellular Signal
Regulated kinase (ERK1/2) phosphorylation. Activation of Gai/o, Gas, Gog/11 or Ga12/13 modulates
ERK1/2 activation via numerous mechanisms. In addition, both o and By-subunits of G proteins can
stimulate ERK1/2 phosphorylation through transactivation of receptor tyrosine kinases (RTKs).
GPCRs have also been shown to mediate ERK1/2 activation in a G protein-independent but fi-arrestin

dependent manner.

The Cellul'erk - 50000 tests of Cisbio {catalog nr 64ERKPEI) was used, essentially according to the
manufacturer's instructions. In short, 10° stable CXCR4 transfected CHO-K1 celis were plated in 96
well Tissue Culture Treated Plates {white bottom} (Corning // Cat#: 3917 // 18210022) according to
plate layout, and incubated for 24h in a humid chamber {wet tissues} at 37°C in CO2 incubator. 24h
after plating of the cells, the medium was replaced by assay medium, comprising SDF-1a or SDF-1a
and the test compounds, The cells were incubated for 10 min at RT, after which a final lysis/Erk
biocking reagent was added. The cell debris was further assayed. The results are presented in Tabie

B-8, and graphically represented in Figure 10,

Table B-8 comparison of 4C{CR104 with benchmark Ab} in Erk potency assay

ACHCR104 Benchmark Ab
Best-fit vaiues CE : o
Botiom 8787 7690
Top 45164 43250
LoglC50 -7,718 -6,5%9
HillSiope -1,329 -1,328
150 1,92E-08 2.52E-07
Span 36387 35560
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St Error
Botiom: 744 1183
Top 5043 464.5
LoglCs0 0,04128 0,05061
HillSlope (,08474 6,08474
Span 952.8 1261
85% Confidence Intervals
Bottom 7282 {o 10251 5329 to 10050
Top 43078 to 46349 42323 to 44177
LoglC50 -7.800 to -7.635 -6.700 to -6.498
HillSlope -1,498 to ~1.160 -1.498 to -1.160
150 1.585e-008 o 1.894e-007 to

2.316e-008 3.175e-007
Span 34496 to 38288 33045 {0 38076

The results demonstrate that the constructs of the invention, and in particular 4CXCR104, inhibit the

SDFig-induced phosphorylation of ERK more potent than the benchmark Ab.

Example 7: Potencies of CXCR4 constructs in comparison with AMD3100

in order to examine the potency of the constructs of the invention, 4CXCR104 was compared to
AMD3100 (plerixafor, mozobil) in an ERK phosphorylation assay, a cAMP assay and in 2 migration

assay.

AMD3100 is a bicyctam compound that binds CXCR4 (see e.g., Antimicrob Agents Chemother 2000,
44: 1667-11673; AMD3100 is also known as plerixafor or mozobif).

The cAMP was performed essentially as described in Example 3, but with 111.5 nM SDFla. The
chemotaxis {or migration} assay was performed essentially as described in Example 4, but with 1 nM

SDF1a. The Erk assay was performed essentially as described in Example 6, but with 10 nM SDF1a
The results are depicted in Table B-9

B-9 Overview IC50 results of 4CHCR104 compared to plerixafor in ERK phosphorylation, cAMP and
migration assays

Assay type 1Cs 4CRCR104 I 5o plerixafor

ERXK phosphorylation: assay (10 aM

SDF1) 192735 M (n=81) 1741 oM £ 158 aM (n=2)

cAMP assay {111.5 nM SDF1) 166 nM£387eM(n=11) 8740 nM £ 5176 oM (n= 2)




10

WO 2011/161266 PCT/EP2011/060738

28

Migration assay (1 nM SDF1) 0.59nM =013 nM (n=4) 494 M =238 nM (n=6)

The results suggest that the Nanobodies® have significantly better potency in the cAMP assay, the
migration assay and the ERK phosphorylation assay at physiologically relevant ligand concentrations,

as compared with the SME benchmark molecule.

The terms and expressions which have been employed are used as terms of description and not of
limitation, and there is no intention in the use of such terms and expressions of excluding any

equivalents of the features shown and described ot portions thereof, it being recognized that

various modifications are possibie within the scope of the invention,

All references disclosed herein are incorporated by reference, in particuiar for the teaching that is

referenced hereinabove.

What is claimed is:
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CLAIMS

10.

Amino acid sequence that is a variant of 238D2-20GS-238D4 {SEQ ID NQ:3} that comprises,
compared to the amino acid sequence of 238D2-20GS-238D4, (i} at least the mutation M77T in
the 238D2 building block; and (ii) opticnally at least one, preferably at least two, and more
preferably three, four of five humanizing substitutions; and (iii) optionally one or more further

suitable amino acid substitutions in any of the framework regions,

Amino acid sequence selected from the group of 4CXCR104 {SEQ ID NO: 7}, 4CXCR103 (SEQ ID
NO: 6) and 4CXCR101 {SEQ 1D NO: 5).

Aming acid sequence with amino acid sequence as shown in SEQ 1D NO: 7.

Amino acid sequence with amino acid sequence as shown in SEQ 1D NO: 6.

Amino acid sequence with amino acid sequence as shown in SEQ ID NO: 5.

Protein or polypeptide that essentially consists of an amino acid sequence according to any of

claims 1to 5.

Protein or polypeptide that comprises an amino acid sequence according to any of claims 1 to 5.

Protein or polypeptide that comprises an amino acid sequence according to any of claims 1 to 5

and one or more other groups, residues, moieties, binding domains or binding units.

Protein or polypeptide that comprises an amino acid sequence according to any of claims 1 to0 5
and one or more other immunoglobulin single variable domains, VHH's, (single} domain

antibodies, Nanobodies or dAb’s.

Protein or polypeptide that comprises an amino acid sequence according to any of claims L to 5
and one or more other immunoglobulin single variable domains, VHH's, (single} domain

antibodies, Nanobodies or dAb's against human CXCR4.
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Protein or polypeptide that comprises an amino acid sequence according to any of claims 1 to 5
and one or more other immunoglobulin single variable domains, VHH's, (singlej domain

antibodies, Nanobodies or dAb’s against human CXCR4.

Protein or polypeptide that comprises an amino acid sequence according to any of claims 110 5

and another Nanobody that is a Nanobody against human CXCR4.

Protein or polypeptide according to any of claims 6 to 12 that has been provided with increased
half-life, for example through suitable modification such as through pegylation, by fusion to
albumin, by including a immunoglobulin single variable domain that can bind to serum albumin,

or by attachment of a serum albumin binding peptide.

Nucleic acid sequence encoding the amino acid sequence of any of claims 1 to 5, or the protein

or polypeptide of any of claims 6 to 13.

Nucleic acid sequence according to claim 14, wherein the nucleic acid sequence is selected from

the group of nucieic acid sequences with SEQ ID NO's: 11 to 14.

Pharmaceutical composition comprising the amino acid sequence of any of claims 1 to 5, or the
protein or polypeptide of any of claims 6 to 13 and optionally a pharmaceutically acceptable

excipient.

The amino acid sequence of any of claims 1 to 5, or the protein or polypeptide of any of claims 6

to 13 for use as a medicament.

The amino acid sequence of any of claims 1 to 5, or the protein or polypeptide of any of claims &
to 13 for use as a medicament to inhibit signaling that is mediated by human CXCR4 and/or its
ligand(s); and/or in the prevention or treatment of diseases associated with an increased
signaliing of CXCR4, such as the various diseases in the group of cancer such as hematopoietic
cancers like CLL, AML, ALL, MM, Non-Hodgkin lymphoma, solid tumors such as breast cancer,
lung cancer, brain tumors, ovarian cancer, stromal chemoresistance of tumors, leukemia and
other cancers, disrupting adhesive stromal interactions that confer tumor cell survival and drug

resistance, mobhilizing tumor cells form tissue sites and making them better accessible to
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conventional therapy, inhibiting of migration and dissemination of tumor cells {metastasis),
inhibiting or paracrine growth and survival signals, inhibiting pro-angiogenesis effects of SDF-1,
inflammation and inflammatory disorders such as bowel diseases {colitis, Crohn’disease, I1BD),
infectious diseases, psioriasis, autoimmune diseases (such as MS), sarcoidosis, transplant
rejection, cystic fibrosis, asthma, chronic obstructive pulmonary disease, rheumatoid arthritis,
viral infection, HIV, West Nile Virus encephalitis, common variable immunodeficiency.
Furthermore, the amino acid sequences of the invention can be used for stem cell mobilization
in various patients in need of stem cells after X-ray radiation such as e.g. cancer patients after
radiation treatment to repienish the stem cell pool after radiation in cancer patients, or in
patients in need of more stem cells, e.g. in patients with ischemic diseases such as myocardial
infarction (MI), stroke and/or diabetes (i.e. patients in need of tissue repair} wherein more stem
cell wouid be re-transfused {after mobilization, screening, selection for lineage in need (e.g.

cardiac, vascular lineages) and ex-vivo expansion of patient’s own stem celis}.

A method of inhibiting signaling that is mediated by human CXCR4 in a human suffering from a
diseases selected from cancers like CLL, AML, ALL, MM, Non-Hodgkin lymphoma, solid tumors
such as breast cancer, lung cancer, brain tumors, ovarian cancer, stromal chemoresistance of
tumors, leukemia and other cancers, disrupting adhesive stromal interactions that confer tumor
cell survival and drug resistance, mobilizing tumor cells form tissue sites and making them
hetter accessible to conventional therapy, inhibiting of migration and dissemination of tumor
cells (metastasis), inhibiting or paracrine growth and survival signals, inhibiting pro-angiogenesis
effects of SDF-1, inflammation and inflammatory disorders such as bowel diseases (colitis,
Crohn'disease, IBD}, infectious diseases, psioriasis, autoimmune diseases {such as MS),
sarcoidosis, transplant rejection, cystic fibrosis, asthma, chronic obstructive pulmonary disease,
rheurnatoid arthritis, viral infection, HIV, West Nile Virus encephalitis , common variable
immunodeficiency. Furthermore, the amino acid sequences of the invention can be used for
stem cell mobilization in varicus patients in need of stem cells after X-ray radiation such as e.g.
cancer patients after radiation treatment to replenish the stem cell pool after radiation in
cancer patients, or in patients in need of more stem cells, e.g. in patients with ischemic diseases
such as myocardial infarction {M1), stroke and/or diabetes (i.e. patients in need of tissue repair)
wherein more stem cell would be re-transfused {after mohbilization, screening, selection for
lineage in need (e.g. cardiac, vascular lineages) and ex-vivo expansion of patient’s own stem

cells).
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21.

22.

23.

Host cell comprising the nucleic acid of any of claims 14 and 15.

Method for the production of an amino acid sequence according to claim 1, wherein the
substitutions in the framework region of SEQ {D NO: 3 are such that the expression level is

improved by 2 fold while the 1C50 value in the chemotaxis assay is 0.8 nM or lower.

Method for producing an amino acid sequence of any of claims 1 to 5, or the protein or

polypeptide of any of claims 6 to 13, at least comprising the steps of culturing a host cell to

produce said amino acid sequence or said protein or polypeptide comprising:

a) cultivating said host cell in a culture medium under conditions that are such that said host
cell will multiply;

b) maintaining said host cell under conditions that are such that said host cell expresses
and/or produces said amino acid sequence or said protein or polypeptids;

optionally followed by

c) secreting said amino acid sequence or said protein or polypeptide into the culture medium
by said host cell; and

d) isolating and/or purifying the secreted amino acid sequence or protein or polypeptide from

the culture medium.

The method according to claim 22, further applying conditions that promote the formation of

disulfide bridges in and/or after step a}, step b}, step ¢}, and/or step d).
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Figure 1: Comparison of human V3 and Camelid Vyy’s - Framework 1:

Pos. | Amino acid residue(s): Vin | Vin
Human Vi3 Camelid Viy's Ent. Var.
1 E,.Q Q. AE - -
2 \% \% 0.2 1
3 Q Q. K 03 |2
4 L L 0.1 1
5 V.L QELYV 0.8 3
6 E E,D,Q, A 0.8 4
7 S, T S, F 0.3 2
8 G,R G 0.1 1
9 G G 0 1
10 G,V G,D,R 0.3 2
11 Hallmark residue: L, M, S, V,W; preferably L 0.8 2
12 V, 1 V, A 0.2 2
13 Q.K,R Q.E,K,P,R 0.4 4
14 P A QA G P ST,V 1 5
15 G G 0 1
16 G,R G, AE D 0.4 3
17 S S,E 0.5 2
18 L L,V 0.1 1
19 R, K R, K,L,N,S, T 0.6 4
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Figure 1: Comparison of human V3 and Camelid Vyy’s - Framework 1 (continued):

20 |L LELV 05 |4
21 S S,AF, T 02 |3
2 |cC C 0 1
23 |AT A D,E.P,S, T,V 13 |5
24 [A ALLS,TV 1 6
25 |8 S,A,F,P, T 05 |5
26 |G G,A,D,E,R,S, T,V 07 |7
27 |F S,F,R,L, P, G, N, 23 |13
28 [T N,T,E,D,S,I,R,A,G, R, F, |17 |11
Y
29 |FRV F,L,D,S, LG, V, A 19 |11
30 |s,D,G N,S,E,G,A,D,M, T 1.8 |11
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Figure 2: Comparison of human V3 and Camelid Vun’s - Framework 2:

Pos. | Amino acid residue(s): Vin | Vim
Ent.

Human Va3 Camelid Vur's Var.
36 w w 0.1 1
37 | Hallmark residue: F” H, I L, Y or V, preferably F’ or Y 1.1 |6
38 R R 0.2 1
39 |Q Q. H,P,R 03 |2
40 A AFGLPT,V 0.9 7
41 P, S, T P, A L,S 0.4 3
42 G G,E 0.2 2
43 K KD ENQRT,V 0.7 6

44 Hallmark residue: G%, E®, A, D, Q,R, S, L; preferably G® E®or | 1.3 |5
Q; most preferably G* or E®

45 Hallmark residue: L, R®, C, I, L, P, Q, V; preferably LY orR® [ 0.6 |4

46 E,V E,D,K,Q,V 0.4 2

47 Hallmark residue: W, LY or F”, A,G, I, M,R, S, Vor Y; 1.9 9
preferably W@, LD, F or R

48 A\ V.LLL 0.4 3

49 S,A.G A S, G T,V 0.8 3

==
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Figure 3: Comparison of human V3 and Camelid Vyy’s - Framework 3:

Pos. | Amino acid residue(s): Vin | Vin
Human Vi3 Camelid Viy's Ent. Var.
66 R R 0.1 1
67 F F LV 0.1 1
68 T T,A,N,S 0.5 4
69 | LL M,V 0.4 4
70 S S,AF, T 0.3 4
71 R RGHILLKQ,S T, W 1.2 8
72 D, E D,E,G,N,V 0.5 4
73 N,D,G NADFLKLRST VY (12 9
74 A, S A,D,G,N,P,S, T,V 1 7
75 K K A E K, L,N,Q,R 0.9 6
76 N, S N.D,K,R,S,T.Y 0.9 6
77 S, T 1 T,A,E,LM,P,S 0.8 5
78 LA V,LA,F,G,I,M 1.2 5
79 Y.H Y,A,D,F, H,N,S, T 1 7
80 L L.F,V 0.1 1
81 Q QELLR,T 06 |5
82 M MILLV 0.2 2
82a |N,G N.D,G, H,S, T 0.8 4
82b |S S,N,D,G,R, T 1 6
82¢ |L L.P,V 0.1 2
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Figure 3: Comparison of human V3 and Camelid Vyy’s - Framework 3: (continued)

83 | Hallmark residue: R, K, N, E”, G, I, M, Q or T; preferably Kor |09 |7
R; most preferably K
84 Hallmark residue: P, A, D, L, R, S, T, V; preferably P 07 |6
85 E,G E.D,G,Q 0.5 |3
86 D D 0 1
87 T,M T,A, S 02 |3
88 A A,G,S 03 |2
89 V,L V,A,D,LL,M,N,R, T 14 |6
90 Y Y, F 0 1
91 Y, H Y,D,F,H,L,S, T,V 0.6 |4
92 C C 0 1
93 AKT AN,G,H,K,N,R,S, T,V,Y |14 |10
94 K,R, T A, V,C,F,G,LK,L,R,SorT [ 1.6 |9
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Figure 4: Comparison of human V3 and Camelid Vyy’s - Framework 4:

Pos. | Amino acid residue(s): Vin | Vin
Ent.

Human Vg3 Camelid Vuy's Var.
103 | Hallmark residue; W™, P R, S; preferably W 04 |2
104 | Hallmark residue: G or D; preferably G 0.1 1
105 |Q.R Q. E K, P,R 0.6 4
106 |G G 0.1 1
107 | T T, A, 1 0.3 2
108 Hallmark residue: Q, L” or R; preferably Q or L 0.4 3
109 |V \% 0.1 1
110 |T T,L A 0.2 1
111 |V V. A1 0.3 2
112 |S S, F 0.3 1
113 |S S,A,LLP, T 0.4 3
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FIGURE 10
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