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Antibodies

Field of the Invention

The present invention relates geherally to the fields of antibodies, CXCR4
biology and related therapies. More particularly, it provides antibodies that bind to
CXCR4. Such anti-CXCR4 antibodies have diagnostic and therapeutic uses in
diseases and conditions associated with CXCR4, such as the treatment of cancer and
viral infections, especially HIV, treatment of inflammatory and immune diseases,
monitoring or predicting tumor Vgrowth and progression e.g. by imaging tumor blood
vessels, inhibiting or reducing the formation of metastasis and inhibiting or reducing
angiogenesis. The antibody-based compositions and methods of the invention also
extend to the use of immunoconjugates and other therapeutic combinations, kits and
methods.

Background

With more than 800 members, G-protein-coupled receptors (GPCRs)
represent the largest family of cell surface molecules involved in signal
transmission, accounting for >2% of the total genes encoded by human genome.
Members of the GPCR superfamily share a common membrane topology: an
extracellular N-terminus, an intracellular C-terminus and seven transmembrane
(TM) helices, which are connected by three intracellular loops and three
extracellular loops. On the basis of their shared topological structure, GPCRs are
also referred to as seven transmembrane (7TM) receptors. These receptors control
key physiological functions, jnclﬁding neurotransrriissjon, hormone and enzyme
release from endocrine and exocrine glands, immune responses, cardiac- and
smooth-muscle contraction and blood pressure regulation. Their dysfunction
contributes to some of the most prevalent human diseases. Emerging experimental
and clinical data indicate that GPCRs have a crucial role in cancer progression and
metastasis. Hence, there is the possibility that some GPCRs may be suitable targets
for anti-cancer drugs.

Chemokines play an important role inter alia in immune and inflammatory
responses in various diseases and disorders, including cancer, viral infections,
asthma and allergic diseases, as well as autoimmune pathologies such as rheumatoid

arthritis and atherosclerosis.: Depending on their structure, chemokines are classified
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as C-C chemokines (containing a cysteine-cysteine motif) or C-X-C chemokines
(containing a cysteine-X-cysteine motif). Receptors that bind such chemokines are
thus classified as members of the CCR or CXCR family, respectively.

CXCR4 (also called fusin, HM89, LESTR, HUMSTR) is an alpha-
chemokine receptor specific for stromal-derived-factor-1 (SDF-1, also called
CXCL12 and PBSF), a molecule endowed with potent chemotactic activity for
lymphocytes. This receptor is one of several chemokine receptors that HIV isolates
can use to infect CD4" T cells. Several normal tissues express CXCR4. Notable
examples of cells where expression has been demonstrated, both in terms of mRNA
and the functional protein, include: hematopoietic cells/bone marrow progenitor
cells; cells of the immune system, e.g. T cells, pre-B and plasma cells, dendritic
cells, NK cells; other blood cells, e. g. monocytes, mast cells, platelets; cells of the
nervous system, €.g. neurons, astrocytes, microglia; other cells, e.g. endothelial
cells, vascular smooth muscle, gastrointestinal epithelium, and certain other
epithelial cells.

CXCR4 is expressed in a variety.of tumours and plays a decisive role in the
pathophysiology of cancer, particularly in cancer metastasis (Dorsam and Gutkind,
2007, G-protein-coupled receptors and cancer. Nat Rev Cancer 7: 79-94). CXCR4
expression has been found in almost all tumours studied. It is also of interest that
SDF-1 is expressed at particularly high levels in liver, lung, bone marrow, lymph
nodes, and (at somewhat lower levels) in brain, i.e. sites to which cancers typically
metastasize. Potential indications for an agent such as an antibody targeting CXCR4
include cancers (e.g. metastatic cancers), €.g. of breast, prostate, pancreas,
esophagus, colorectal, liver and lung (both SCLC and NSCLC), as well as malignant
or metastatic melanoma, brain fumours (glioma), head-and-neck cancers, certain
leukemias, lymphomas such as non-Hodgkins lymphoma, childhood tumours (e.g.
neuroblastoma), renal cancer,hemangioblastoma. Overexpressed CXCR4 has been
found in several other cancers, including lung tumours, non-small cell lung cancer,
ovarian4 cancer, cervical cémcér, papillary thyroid carcinomas, osteosarcomas, and
other malignancies. An anti-CXCR4 antibody can also be used for treatment of viral

infections such as HIV or other retroviral infections, and in the treatment of immune
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diseases such as autoimmune diseases, inflammatory diseases and in the inhibition
of angiogenesis and vascularization.

Due to their compléx structures, GPCRs are considered as “difficult targets”
for raising specific antibodies. They can neither be easily purified from the
membrane fraction of lysed cells, nor be recombinantly produced in different
expression systems as correctly folded soluble proteins.

The difficulties associated with generating antibodies against GPCRs are set
out in Hoogenboom et al. Eur. J. Biochem 260, 774-784 (1999). Furthermore, Sui et
al. Eur. J. Biochem 270, 4497-4506 (2003) explain the difficulties associated with
trying to obtain human antibodies against the GPCR chemokine receptor CXCR4
and report that even using the pathﬁnder method combined with step-back selection

no specific antibodies could be identified. Thus, in the field of GPCRs, the

| generation of specific antibodies remains a major challenge.

Northwest Biotherapeutics Inc. is developing monoclonal antibodies against
CXCR4, some of which are in late stage preclinical development. Data suggesting
the potential efficacy of CXCR4 antibodies were gathered in animal models by
NWB and others. Subsequent development may include humanization of selected
antibodies and toxicity studies in prepa;ation for Phase I clinical trials.

MDX-1338 is an anti-human CXCR4-specific, fully human monoclonal

| antibody from Medarex. In vitro studies demonstrated that MDX-1338 binds to

CXCR4-expressing cells with low nanomolar affinity. MDX-1338 blocks CXCL12
ligand binding to CXCR4 expressing cells and inhibits CXCL12 induced migration
and calcium flux with low nanomolar ECsg values. MDX-1338 is an IgG4, and thus
lacks ADCC and CDC activity. MDX-1338 induces apoptosis in a range of CXCR4
expressing cell lines and alép has anti-tumor activity in multiple AML and
lymphoma tumor xenograft models.

In addition, there are a number of small molecule compounds and peptides at
different stages of development that target CXCR4/SDF-1.

The inventors have recognized that the identification of additional antibodies
that recognize CXCR4 would be of benefit in expanding the number of therapeutic
options. As discussed above however, the nature of GPCRs such as CXCR4 means

that the development of such antibodies poses real challenges.
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In particular, there is a need for human antibodies to CXCR4 which
recognise CXCR4 in its natiye membrane bound form. Although human antibbdies
are generally recognized to display advantages, it is known that the development of
human antibodies that have hig}} enough affinities and appropriate functional
properties to make them candidates for successful human therapy is by no means
straightforward. This is even more so the case with GPCRs, due to their complex
and transmembrane nature.

Description of the invention

The present invention overcomes certain limitations in the prior art by
providing new therapeutic compositions and methods for use in the safe and
effective treatment of tumors, viral infections and other diseases and conditions in
which CXCR4+ cells are involved such as inflammatory or immune disorders. The
invention provides antibodies that bind to CXCR4, preferably to an epitope within
one or more of the extracellular domains of CXCR4, particularly human antibodies.
Such antibodies are effective in treating tumors and viral infections and other
diseases and conditions in which CXCR4+ cells are involved, such as inﬂe{mmatory
or immune disorders.’ The compositions and methods of the invention also extend to
the use of immunoconjugates and combinations using this particular category of
antibodies.

A particular advantage of the antibodies of the present invention is that the
antibodies do not induce significant apoptosis of CXCR4 expressing cells. This
contrasts with leading antibodies in the clinical field (for example, the Medarex
antibodies as described in WO 2008/060367), which do induce such apoptosis. As
CXCR4 is expressed on a'significant number of normal cells, this lack of induction
of apoptosis is a real therapeutic advantage to prevént too much unwanted cell
killing and such antibodies thus have a favourable safety profile.

An additional or aiternative preferred property of the antibodies of the
invention described hf:rein is that the antibodies are antagonistic antibodies. Thus,
the property of not inducing significant apoptosis is preferably also combined with
the property that the antibodies are antagonistic antibodies, i.e. they block or inhibit
the function of CXCR4, by for exampling blocking or inhibiting the receptor-ligand

interaction and/or blocking or inhibiting downstream signalling events from the
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CXCRA4 receptor, e.g. blocking or inhibiting ligand induced or mediated s gnalling
via CXCR4. This property is important for use of the antibodies in therapy as
opposed to their use merely for labelling CXCR4 expressing cells, e. g. for diagnosis.

In this regard, it is known that CXCR4 is expressed on a large range of
healthy/normal cells and that both CXCR4 and its ligand SDF-1 are important in
development. However, as:discussed above, it has also been shown that CXCR4 is
overexpressed in almost all malignant tumors, and contributes to their growth.
Perhaps even more importantly, SDF-1 is usually expressed strongly in those tissues
which are the most likely to carry metastases, such as lymph nodes, bone marrow,
lung, liver, etc., and it is largely accepted that the tumor cells migrate along a SDF-1
gradient. The main purpose of the antibodies of the invention is therefore to limit
tumor growth and to prevent formation of metastasis by inhibiting the function of
CXCR4, e.g. by blocking or inhibiting the receptor-ligand interaction. CXCR4 is
also believed to be involved in angiogenesis, so blocking or inhibiting the function
of CXCR4 can also be used to effect ahgiogenesis and tumor vascularization.

The blocking or inhibition of function, in particular by blocking or inhibiting
the receptor-ligand interaction, is also important in the use of the antibodies of the
invention to treat inflammatery and autoimmune disease. Again, the primary goal is
not to kill CXCR4+ cells, but to downregulate their activity (in autoimmune
diseases) and to prevent or reduce the migration of CXCR4+ cells to sites of
inflammation (useful in both inflammatory and autoimmune diseases).

The antagonistic activity (blocking or inhibition of function of CXCR4) is
also important in the use of the antibodies of the invention to treat infections, e.g.
viral, bacterial, fungal or parasitic infections in which CXCR4 plays a functional
role. Examples of such viral infections are retroviral infections, and in particular
HIV, where some strains (CXCR4 tropic strains) have been shown to use the
CXCRA4 receptor to infect host cells. Thus, blocking or inhibiting the CXCR4
receptor can limit the spread of HIV, e.g. by blocking or inhibiting infection of
CXCR4+ cells by HIV.

Although, as discussed above, it is believed that the primary mode of action
of the antibodies of the invention is via their antagonistic properties (advantageously

combined with their ability not to induce significant apoptosis of CXCR4+ cells), in
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some embodiments the antibodies of the invention are capable of inducing selective

elimination (killing) of CXCR4+ cells. Such selective elimination may be via

mechanisms such as ADCC, CDC, or the induction of mitotic catastrophe (in

particular in dividing cells such as tumor cells) but does not appear to involve the
induction of significant apoptosis.

The present inventors have prepared CXCR4-specific antibodies that bind to
CXCR4.

For example, the antibodies bind to CXCR4+ cells such as cells transfected
with CXCR4 and cells which naturally express CXCR4. In particular, the antibodies
bind to HEK293T-cells transfected with CXCR4, DT40-cells transfected with
CXCR4 and Ramos (B-cells), Jurkat (T-cell leukaemia) and CCRF-CEM (human
T-cell leukemia) which naturally express CXCR4 (see Examples 2, 3 and 4).

Importantly, the antibodies do not significantly bind to CXCR4- cells, i.e.
cells which do not express CXCR4. In particular, the antibodies do not significantly
bind to non-CXCR4-transfected cells or to cells which naturally do not express
CXCRA4.

The antibodies also inhibit the binding of ligands which are known to bind
CXCR4, e.g. the natural ligand SDF-1a (also referred to herein as SDF-1) and/or
other ligands (e.g. non-native ligands) which bind to CXCR4, such as AMD-3100 (a
chemical compound with very high specificity for CXCR4 and which inhibits
CXCR4) (see Example 3). « -

Thus, the antibodies disclosed herein bind specifically to CXCR4, making
them suitable candidates for didgnostics and therapy of the conditions discussed
herein.

Amino acid and/or DNA sequences of preferred antibody molecules of the
invention which bind to CXCR4, their Vg and V| domains including
complementarity determining regions (CDRs), are set forth in the various SEQ ID
NOs. listed herein.

Thus, the present invention provides an antibody which binds to CXCR4 and
has the property of not inducing significant apoptosis of CXCR4 expressing cells.
Preferably the antibody is an antagonistic antibody which blocks or inhibits one or

more of the functions of CXCR4, for example, blocks or inhibits the binding of
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SDF-1 (or other CXCR4 ligands such as AMD-3100) to CXCR4, blocks or inhibits
migration of CXCR4+ cells in response to SDF-1 (or other CXCR4 ligand), blocks
or inhibits Ca ** flux induced by addition of SDF-1 (or other CXCR4 ligand) to
CXCR4+ cells, or blocks or inhibits any other downstream signalling events from
the CXCR4 receptor.

Preferably, the antibody is isolated. Also preferably, the antibody is human
and/or the CXCR4 is preferably human. Preferably, the antibody binds to an epitope
in the extracellular domain of CXCR4. Thus, any reference to "binding to CXCR4"
includes the preferred embodiment of "binding to an epitope in the extracellular
domain of CXCR4". Other preferred properties of the antibodies of the invention
are one or more of the ability to induce ADCC of CXCR4 expressing cells
(CXCR4+ cells), the ability to induce CDC of CXCR4 expressing cells and the
ability to bind at least to human CXCR4, more preferably to human and monkey
CXCR4 or to human and mouse CXCR4, most preferably to human, mouse and
monkey CXCR4. When cross species reactivity is observed, even more preferably
the antibodies bind to human and monkey or to human and mouse CXCR4 with
similar affinities.- Preferably the antibodies of the invention display anti-tumor
activity, e.g. growth inhibition of tumor cells, in vivo.

Thus, the invention preferably provides an isolated human antibody which
binds to an epitope in the extracellular domain of human CXCR4 and which
preferably has the property of not inducing significant apoptosis of CXCR4
expressing cells. Thus, in all the embodiments described herein, the property of not
inducing significant apoptosis of CXCR4 expressing cells is a preferred feature.

In one embodiment, the present invention provides an antibody that binds to
CXCR4 and which has the property of not inducing significant apoptosis of CXCR4
expressing cells, comprising a heavy chain CDR1 domain comprising the amino
acid sequence of SEQ ID NO: 1, 7, 13, or 19, or a sequence substantially
homologous to any one of these sequences.

Alternatively or in addition, in an embodiment of the invention, the antibody
that binds to CXCR4 and which has the propérty of not inducing significant

apoptosis of CXCR4 expressing cells comprises a heavy chain CDR2 domain



WO 2011/098762 , PCT/GB2011/000175

10

15

20

25

30

-8-

comprising the amino acid sequence of SEQID NO: 2, 8, 14, or 20, or a sequence
substantially homologous to any one of these sequences.

Alternatively or in addiiion, in an embodiment of the invention, the antibody
that binds to CXCR4 and which has the property of not inducing significant
apoptosis of CXCR4 expressing cells comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 3, 9, 15 or 21, or a sequence
substantially homologous to any one of these sequences..

Alternatively or in addition, in an embodiment of the invention, the antibody
that binds to CXCR4 and which has the property of not inducing significant
apoptosis of CXCR4 expressing cells comprises a light chain CDR1 domain
comprising the amino acid sequence of SEQ ID NO: 4, 10, 16, 22 or 88, or a
sequence substantially homologous to any one of these sequences.

Alternatively or in addition, in an embodiment of the invention, the antibody
that binds to CXCR# ‘and which has the property of not inducing significant
apoptosis of CXCR4 expressing cells comprises a light chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 5, 11, 17,23, or 89, or a
sequence substantially homologous to any one of these sequences.

Alternatively or in addition, in an embodiment of the invention, the antibody
that binds to CXCR4 and which has the property of not inducing significant
apoj)tosis of CXCR4 expressing cells comprises a light chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 6, 12, 18, 24 or 90, or a
sequence substantially homologous to any one of these sequences.

Thus, in certain embodiments, the invention provides an antibody that binds
to CXCR4 and which has the property of not inducing significant apoptosis of
CXCR4 expressing cells, comprising one or more heavy chain CDR domains,
wherein the heavy chain CDR domain is selected from the group consisting of:

(a) a heavy chain CDR1 domain comprising the amino acid sequence of SEQ ID
NO: 1,7, 13, or 19, or a sequence SUbstantially homologous thereto;

(b) a heavy chain CDR2 domain comprising the amino acid sequence of SEQ ID
NO: 2, 8, 14, or 20, or a sequence substantially homologous thereto; and

(c) aheavy chain CDR3 domain comprising the amino acid sequence of SEQ ID

NO: 3, 9, 15 or 21, or a sequence substantially homologous thereto.
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The invention also provides, in certain embodiments an antibody that binds
to binds to CXCR4 and which has the property of not inducing significant apoptosis
of CXCR4 expressing cells, comprising oné or more light chain CDR domains,
wherein the light chain CDR domain is selected from the group consisting of:

(a) a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO:
4, 10, 16, 22 or 88, or a sequence substantially homologous thereto;

(b) a light chain CDR2 domain comprising the amino acid sequence of SEQ ID NO:
5,11,17,23 0r 89, 0ora sequence substantially homologous thereto; and

(c) a light chain CDR3 domain comprising the amino acid sequence of SEQ ID NO:
6, 12, 18, 24 or 90, or a sequence substantially homologous thereto.

In certain preferred embodiments, the antibody that binds to CXCR4 and
which has the propeﬁy of .nvtv)'t inducing significant apoptosis of CXCR4 expressing
cells comprises both |
(a) a heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 3, ora
sequence substantially hom()logous thereto and
(b) alight chain CDR3 comprising the amino acid sequence of SEQ ID NO: 6, or a
sequence substantially homologous thereto.

More preferably, a heavy chain CDR1 domain comprising the amino acid
sequence of SEQ ID NO: 1, or a sequence substantially homologous thereto, and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 4,
or a sequence substantially homologous thereto, and/or a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 2, or a sequence substantially
homologous thereto, and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 5, or a sequence substantially homologous thereto, are also
present. |

In certain preferred embodiments, the antibody that binds to CXCR4 and
which has the property of not inducing significant apoptosis of CXCR4 expressing
cells comprises both '

(a) a heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 9, ora
sequence substantially homologous thereto, and
(b) a light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 12, ora

sequence substantially homologous thereto.
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More prcferéljly, a heavy chain CDR1 domain comprising the amino acid
sequence of SEQ ID NO: 7, or a sequence substantially homologous thereto, and/or
a light chain CDR1 domain cor;lprising the amino acid sequence of SEQ ID NO: 10
or a sequence substantially homologous thereto, and/or a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 8, or a sequence substantially
homologous thereto, and/or a light chain CDR?2 domain comprising the amino acid
sequence of SEQ ID NO: 11, or a sequence substantially homologous thereto, are
also present.

In certain preferred embodiments, the antibody that binds to CXCR4 and
which has the property of not inducing significant apoptosis of CXCR4 expressing
cells comprises both | _

(a) a heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 15, or
a sequence substantially homologous thereto, and

(b) a light chain CDR'3 comprising the amino acid sequence of SEQ ID NO: 1v8, 6r a
sequence substantially homologous thereto.

More preferably, a hea\"y chain CDR1 domain comprising the amino acid

sequence of SEQ ID NO: 13, or a sequence substantially homologous thereto, and/or

a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 16,

or a sequence substantially homologous thereto, and/or a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 14, or a sequence substantially
homologous thereto, and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 17, or a sequence substantially homologous thereto, are
also present.

In certain preferred embodiments, the antibody that binds to CXCR4 and
which has the property of not inducing significant apoptosis of CXCR4 expressing
cells comprises both
(a) a heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 21, or
a sequence substantially homolpg0u§ thereto, and
(b) a light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 24, or a
sequence substantially homologoﬁs thereto.

~ More preferably,-a heavy chain CDR1 domain comprising the amino acid

sequence of SEQ ID NO: 19, or a sequence substantially homologous thereto, and/or
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a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 22,
or a sequence substantially horﬁologous thereto, and/or a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 20, or a sequence substantially
homologous thereto, and/or a light chain CDRZ domain comprising the amino acid
sequence of S.EQ ID NO: 23, or a sequence substantially homologous thereto, are
also present. |

In certain preferred embodiments, the antibody that binds to CXCR4 and
which has the property of not inducing significant apoptosis of CXCR4 expressing
cells comprises both
(a) a heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 3, or a
sequence substantially homologous thereto, and
(b) a light chain CDR3 comprising the amino acid sequence of SEQ ID NO: 90, or a
sequence substantially homologous thereto.

More preferably, a heavy chain CDR1 domain comprising the amino acid
sequence of SEQ ID NO: :1', or é sequence substantially homologous thereto, and/or
a light chain CDR1 d(')main‘ éomprising the amino acid sequence of SEQ ID NO: 88,
or a sequence substantially homoiogous thereto, and/or a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 2, or a sequence substantially
homologous thereto, and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 89, or a sequence substantially homologous thereto, are
also present.

In one preferred embodiment, the heavy chain CDR1 comprising the amino
acid sequence of SEQ ID NO: 1, or a sequence substantially homologous thereto,
CDR2 comprising the amino acid sequence of SEQ ID NO: 2, or a sequence
substantially homologous thereto, and CDR3 comprising the amino acid sequence of
SEQ ID NO: 3, or a sequence substantially homologous thereto, are present
individually or in combination.

In yet another preferred embodiment, the light chain CDR1 comprising the |
amino acid sequence of SEQ ID.NO: 4, or a sequence substantially homologous
thereto, CDR2 comprising the amino acid sequence of SEQ ID NO: 5, or a sequence

substantially homologous thereto, and CDR3 comprising the amino acid sequence of
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SEQ ID NO: 6, or a sequence s{ibstantially homologous thereto, are present
individually or in combination. |
In one preferred embodiment, the heavy chain CDR1 comprising the amino

acid sequence of SEQ ID NO: 7, or a sequence substantially homologous thereto,
CDR2 comprising the amino acid sequence of SEQ ID NO: 8, or a sequence
substantially homologous thereto, and CDR3 comprising the amino acid sequence of
SEQ ID NO: 9, or a sequence substantially homologous thereto, are present
individually or in combination.

" In yet another preferred embodirnent, the light chain CDR1 comprising the
amino acid sequence of SEQ ID NO: 10, or a sequence éubstantially homologous
thereto, CDR2 comprising the amino acid sequence of SEQ ID NO: 11, or a

sequence substantially homologous thereto, and CDR3 comprising the amino acid

“sequence of SEQ ID NO: 12, ora ée(juence substantially homologous thereto, are

present individually or in combination.

In one preferred embodiment, the heavy chain CDR1 comprising the amino
acid sequence of SEQ ID NO: 13, or a sequence substantially homologous thereto,
CDR2 comprising the amino acid sequence of SEQ ID NO: 14, or a sequence
substantially homologous thereto, and CDR? comprising the amino acid sequence of
SEQ ID NO: 15, or a sequence substantially homologous thereto, are presént
individually or in combination.

In yet another preferred embodiment, the light chain CDR1 comprising the
amino acid sequence of SEQ ID NO: 16, or a sequence substantially homologous
thereto, CDR2 comprising the amino acid sequence of SEQ ID NO: 17, or a
sequence substantially homologous thereto, and CDR3 comprising the amino acid
sequence of SEQ ID NO: .18, or a sequence substantially homologous thereto, are
present individually or in édmbination.

In one preferred embodiment, the heavy chain CDRI comprising the amino
acid sequence of SEQ ID NO: 19, or a sequence substantially homologous thereto,
CDR2 comprising the amino acid sequence of SEQ ID NO: 20, or a sequence
substantially homologous thereto, and CDR3 comprising the amino acid sequence of
SEQ ID NO: 21, or a sequence substantially homologous thereto, are present

individually or in combination.



10

15

20

25

30

WO 2011/098762 PCT/GB2011/000175

-13 -

In yet another preferred embodiment, the light chain CDR1 comprising the
amino acid sequence of ‘SEAQ ID NO: 22, or a sequence substantially homologous
thereto, CDR2 comprising the émino acid sequence of SEQ ID NO: 23, or a
sequence substantially homologous thereto, and CDR3 comprising the amino acid
sequence of SEQ ID NO: 24, or a sequence substantially homologous thereto, are
present individually or in combination.

In yet another preferred embodiment, the light chain CDR 1 comprising the
amino acid sequence of SEQ ID NO: 88, or a sequence substantially homologous
thereto, CDR2 comprising the amino acid sequence of SEQ ID NO: 89, or a
sequence substantially homologous thereto, and CDR3 comprising the amino acid
sequence of SEQ ID NO: 90, or a sequence substantially homologous thereto, are
present individually or in combination.

Viewed alternatively, in certain embodiments, the present invention provides
an antibody that binds to CXCR4 and which has the property of not inducing
significant apoptosis of CXCR4 expressing cells, comprising a heavy chain CDR3
domain comprising the amino acid sequence of SEQ ID NO: 3, or a sequence
substantially homologous thereto and/or a light chain CDR3 domain comprising the
amino acid sequence of SEQ ID NO: 6, or a sequence substantially homologous
thereto. )

Said antibody optionally further comprises a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 2, or a sequence substantially
homologous thereto, and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 5, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO:1, or a sequence substantially homologous thereto, and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO:4,
or a sequence substantially'}iomologous thereto.

In certain embodiments, the present invention provides an antibody that
binds to CXCR4 and which has the property of not inducing significant apoptosis of
CXCR4 expressing cells, comprising a heavy chain CDR3 domain comprising the

amino acid sequence of SEQ ID NO:9, or a sequence substantially homologous
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thereto, and/or a light chain CDR3 domain comprising the amino acid sequence of
SEQ ID NO: 12, or a sequence substantially homologous thereto.

Said antibody.optionally further comprises a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 8, or a sequence substantially
homologous thereto,and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 11, or é sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 7, or a sequence substantially homologous thereto, and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 10,
or a sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that
binds to CXCR4 and which has the property of not inducing significant apoptosis of
CXCR4 expressing cells, comprising a heavy chain CDR3 domain comprising the
amino acid sequence of SEQ ID NO: 15, or a sequence substantially homologous
thereto, and/or a light chain CDR3 domain comprising the amino acid sequence of
SEQ ID NO: 18, or a sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR2 domain
comprising the amino. acid sequénce of SEQ ID NO: 14, or a sequence substantially
homologous thereto, and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 17, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequeﬁce
of SEQ ID NO: 13, or a sequence substantially homologous thereto, and/or a light
chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 16, or a
sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that
binds to CXCR4 and which has the property of not inducing significant apoptosis of
CXCRA4 expressing cells, comprising a heavy chain CDR3 domain comprising the
amino acid sequence of SEQ ID NO: 21, or a sequence substantially homologous
thereto, and/or a light chain/CDR3 domain comprising the amino acid sequence of
SEQ ID NO: 24, or a sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR2 domain

comprising the amino acid sequence of SEQ ID NO: 20, or a sequence substantially



10

15

20

25

30

WO 2011/098762 PCT/GB2011/000175

-15-

homeologous thereto, and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 23, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 19, or a sequence substantiall‘y homologous thereto, and/or

a light chain CDRI domain comprising the amino acid sequence of SEQ ID NO: 22,
or a sequence Substanti;ally homologous thereto.

In certain eml{odil;{ie.nts,.' the present invention provides an antibody that
binds to CXCR4 and which has the ﬁroperty of not inducing significant apoptosis of
CXCR4 expressing cells, compri'sing a Heavy chain CDR3 domain comprising the
amino acid sequence of SEQ ID NO: 3, or a sequence substantially homologous
thereto, and/or a light chain CDR3 domain comprising the amino acid sequence of
SEQ ID NO: 90, or a sequence substantially homologous thereto. .

Said antibody optionally further comprises a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 2, or a sequence substantially

homologous thereto, and/or a light chain CDR2 domain comprising the amino acid

sequence of SEQ ID NO: 89, or a sequence substantially homologous thereto, and/or

further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 1, or a sequence substantially homologous thereto, and/or

a light chain CDR1 domain :Compris:ing the amino acid sequence of SEQ ID NO: 88,
or a sequence substanﬁall;i,"-jllon‘xoliogoﬁs thereto.

Viewed alternafiQely, in certain embodiments, the present invention provides
an antibody that binds to binds tc'). CXCR4 and which has the property of not
inducing significant apoptosis of CXCR4 expressing cells, comprising a heavy chain
CDR2 domain comprising the amino acid sequence of SEQ ID NO: 2, or a sequence .
substantially homologous thereto, and/or a light chain CDR2 domain comprising the
amino acid sequence of SEQ ID NO: 5, or a sequence substantially homologous
thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 3, or a sequence substantially
homologous thereto, and/or a light chain CDR3 domain comprising the amino acid

sequence of SEQ ID NO: 6, or a sequence substantially homologous thereto, and/or
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further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 1, or a sequence substantially homologous thereto, and/or

a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 4,
or a sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that
binds to binds to CXCR4 and which has the property of not inducing sighiﬁcant
apoptosis of CXCR4 expressing cells, comprising a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 8, or a sequence substantially
homologous thereto, and/or a light chain CDR2 domain comprising the amino acid
sequence of SEQ ID NO: 1 1,ora sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 9, or a sequence substantially
homologous thereto, and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 12, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 7, or a sequence substantially homologous thereto, and/or a light
chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 10, or a
sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that
binds to binds to CXCR4 and which has the property of not inducing significant
apoptosis of CXCR4 expressing cells, comprising a heavy chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 14, or a sequence substantially
homologous thereto, and/or a light chain CDR2 domain comprising the amind acid
sequence of SEQ ID NO: 17, or a sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 15, or a sequence substantially
homologous thereto, and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 18, or a sequence substantially homélogous thereto, and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 13, or a sequence substantially homologous thereto, and/or a light
chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 16, or a

sequence substantially homologous thereto.
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Viewed alternatively, in certain embodiments, the present invention provides
an antibody that binds to binds to CXCR4 and which has the property of not
inducing significant apoptosis of CXCR#4 expressing cells, comprising a heavy chain
CDR?2 domain comprising the amino acid sequence of SEQID NO: 20, or a
sequence substantially homologous thereto, and/or a light chain CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 23, or a sequence substantially
homologous thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 21, or a sequence substantially
homologous thereto, and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 24, or a sequence substantially homologous thereto, and/or
further comprises a héavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 19, or a sequence substantially homologous thereto, and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 22,
or a sequence substantially homologous thereto. | '

Viewed alternatively, in certain embodiments, the present invention provides
an antibody that binds to binds to CXCR4 and which has the property of not
inducing significant apoptosis of CXCR4 expressing cells, comprising a heavy chain
CDR2 domain comprising the amino acid sequence of SEQ ID NO: 2, or a sequence
substantially homologous thereto, and/or a light chain CDR2 domain comprising the
amino acid sequence of SEQ ID NO: 89, or a sequence substantially homologous
thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 3, or a sequence substantially
homologous thereto, and/or a light chain CDR3 domain comprising the amino acid
secjuence of SEQ ID NO: 90, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR1 domain comprising the amino acid sequence
of SEQ ID NO: 1, or a sequence substantially homologous thereto, and/or
a light chain CDR1 domain comprising the amino acid sequence of SEQ ID NO: 88,
or a sequence substantially homologous thereto.

Viewed alternatively, in certain embodiments, the present invention provides

an antibody that binds to CXCR4 and which has the property of not inducing
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significant apoptosis of CXCR4 expressing cells, comprising a heavy chain CDR1
domain comprising the amino acid sequence of SEQ ID NO: 1, or a sequence

substantially homologous thereto, and/or a light chain CDR1 domain comprising the

“amino acid sequence of SEQ ID NO: 4, or a sequence substantially homologous

thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 3, or a sequence substantially
homologous thereto, and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 6, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 2, or a sequence substantially homologous thereto, and/or a light
chain CDR2 domain comprising the amino acid sequence of SEQ IDNO: 5, or a
sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that
binds to CXCR4 and which has the property of not inducing significant apoptosis of
CXCR4 expressing cells, comprising a heavy chain CDR1 domain comprising the
amino acid sequence of SEQ ID NO: 7, or a sequence substantially homologous
thereto, and/or a light chain CDR1 domain comprising the amino acid sequence of
SEQ ID NO: 10, or a sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 9, or a sequence substantially
homologous thereto, and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 12, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 8, or a sequence substantially homologous thereto, and/or a light
chain CDR2 domain comprising the amino acid sequence of SEQ ID NO: 1 l,ora
sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that
binds to CXCR4 and which has the property of not inducing significant apoptosis of
CXCR4 expressing cells, comprising a heavy chain CDR1 domain comprising the

amino acid sequence of SEQ ID NO: 13, or a sequence substantially homologous
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thereto, and/or a light chain CDR1 domain comprising the amino acid sequence of
SEQ ID NO: 16, or a sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 15, or a sequence substantially
homologous thereto, and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 18, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 14, or a sequence substantially homologous thereto, and/or
a light chain CDR2 domain comprising the amino acid sequence of SEQ ID NO: 17,
or a sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that
binds to CXCR4 and which has the property of not inducing significant apoptosis of
CXCR4 expressing cells, comprising a heavy chain CDR1 domain comprising the
amino acid sequence of SEQ ID NO: 19, or a sequence substantially homologous
thereto, and/or a light chain CDR1 domain comprising the amino acid sequence of
SEQ ID NO: 22, or a sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain
comprising the amino acid sequence of SEQ ID NO: 21, or a sequence substantially
homologous thereto, and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 24, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 20, or a sequence substantially homologous thereto, and/or a light
chain CDR2 domain comprising the amino acid sequence of SEQ ID NO: 23, or a
sequence substantially homologous thereto.

In certain embodiments, the present invention provides an antibody that
binds to CXCR4 and which has the property of not inducing significant apoptosis of
CXCR4 expressing cells, comprising a heavy chain CDR1 domain comprising the
amino acid sequence of SEQ ID NO: 1, or a sequence substantially homologous
thereto, and/or a light chain CDR1 domain comprising the amino acid sequence of
SEQ ID NO: 88, or a sequence substantially homologous thereto.

Said antibody optionally further comprises a heavy chain CDR3 domain

comprising the amino acid sequence of SEQ ID NO: 3, or a sequence substantially
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homologous thereto, and/or a light chain CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 90, or a sequence substantially homologous thereto, and/or
further comprises a heavy chain CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 2, or a sequence substantially homologous thereto, and/or a light
chain CDR2 domain comprising the amino acid sequence of SEQ ID NO: 89, or a
sequence sub.stantially homologous thereto.

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 1,2, 3, 4, 5and 6, or a
sequence substantially homologous to any one of the foregoing SEQ ID NOs.

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 7, 8, 9, 10, 11 and 12, or
a sequence substantially homologous to any one of the foregoing SEQ ID NOs.

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 13, 14, 15, 16,. 17 and 18,
or a sequence substantially homologous to any one of the foregoing SEQ ID NOs.

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the groui) consisting of SEQ ID NOs: 19, 20, 21, 22, 23 and 24,
or a sequence substantially homologous to any one of the forggoing SEQ ID NOs.

Certain preferred antibodies of the invention comprise one or more of the
CDRs selected from the group consisting of SEQ ID NOs: 1, 2, 3, 88, 89 and 90, or
a sequence substantially homologous to any one of the foregoing SEQ ID NOs.

Certain preferred antibodies comprise two or more of the light chain CDRs
of SEQID NOs: 4, 5and 6; or 10, 11 and 12; or 16, 17 and 18; or 22, 23 and 24; or
88, 89 and 90, or sequiences substantially homologous to any one of the foregoing
SEQ ID NOs.

Especially preferred binding molecules comprise 3 of the light chain CDRs
of SEQID NOs: 4, S and 6; or 10, 11 and 12; or 16, 17 and 18; or 22, 23 and 24; or
88, 89 and 90, or sequences substantially homologous to any one of the foregoing
SEQ ID NOs (i.e. one of each of the aforementioned light chain CDR1 and CDR2

and CDR3 or sequences substantially homologous thereto).
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Other certain preferred antibodies comprise two or more of the heavy chain
CDRs of SEQ ID NOs: 1, 2 and 3; or 7,8 and 9; or 13, 14 and 15>; or 19,20 and 21,
or sequences substantially homologous to any one of the foregoing SEQ ID NOs.

Especially preferred antibodies comprise 3 of the heavy chain CDRs of SEQ
ID NOs: 1,2 and 3; or 7, 8 and 9; or 13, 14 and 15; or 19, 20 and 21, or sequences
substantially homologous to any one of the foregoing SEQ ID NOs (i.e. one of each
of the aforementioned heavy chain CDR1 and CDR2 and CDR3 or sequences
substantially homologous thereto).

Certain more especially preferred antibodies comprise 3 of the light chain
CDRs of SEQ ID NOs: 4, 5 and 6, or sequences substantially homologous to any
one of these sequences (i.e. one of each of the aforementioned light chain CDR1 and
CDR2 and CDR3 or sequences substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 1, 2 and 3, or sequences substantially
homologous any one of these sequences (i.e. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous
thereto). |

Certain more especially preferred antibodies comprise 3 of the light chain
CDRs of SEQ ID NOs: 10, 11 and 12, or sequences substantially homologous to any
one of these sequences (i.e. one of each of the aforementioned light chain CDR1 and
CDR2 and CDR3 or sequences substantially'homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 7, 8 and 9, or sequences substantially
homologous any one of these sequences (i.e. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous
thereto).

Certain more especially preferred antibodies compﬁse 3 of the light chain
CDRs of SEQ ID NOs: 16, 17 and 18, or sequences substantially homologous to any
one of these sequences (i.e.-one of each of the aforementioned light chain CDR1 and
CDR2 and CDR3 or sequences ‘substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 13, 14 and 15, or sequences substantially
homologous any one of these sequences (i.e. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous

thereto).



WO 2011/098762

10

15

20

25

- 30

PCT/GB2011/000175

222

Certain more especially preferred antibodies comprise 3 of the light chain
CDRs of SEQ ID NOs: 22, 23 and'24, or sequences substantially homologous to any
one of these sequences (i.e. one of each of the aforementioned light chain CDR1 and
CDR2 and CDR3 or éequences substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 19, 20 and 21, or sequences substantially
homologous any one of these sequences (i.e. one of each of the aforementioned

heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous

thereto).

Certain more especially preferred antibodies comprise 3 of the light chain

* CDRs of SEQ ID NOs: 88, 89 and 90, or sequences substantially homologous to any

one of these sequences (i.e. one of each of the aforementioned i ght chain CDR1 and
CDR2 and CDR3 or sequences substantially homologous thereto), and 3 of the
heavy chain CDRs of SEQ ID NOs: 1, 2 and 3, or sequences substantially
homologous any one of these sequences (i.e. one of each of the aforementioned
heavy chain CDR1 and CDR2 and CDR3 or sequences substantially homologous
thereto).

Certain especi":al']y preferred antibodies comprise a heavy chain CDR1
domain of SEQ ID NO: l,a heavy chain CDR2 domain of SEQ ID NO: 2, and a
heavy chain CDR3 domain of SEQ ID NO: 3, or sequences substantially
homologous to any one of the aforementioned sequences; and/or comprise a light
chain CDR1 domain of SEQ ID NO: 4, a light chain CDR2 domain of SEQ ID NO:
5, and a light chain CDR 3 domain of SEQ ID NO: 6, or sequences substantially
homologous to any one of the aforementioned sequences.

Certain especially preferred antibodies comprise a heavy chain CDR1
domain of SEQ ID NO: 7, a heavy chain CDR2 domain of SEQ ID NO: 8, and a
heavy chain CDR3 domain of SEQ ID NO: 9, or sequences substantially
homologous to any one of the aforementioned sequences; and/or comprise a light
chain CDR1 domain of SEQ ID NO: 10, a li ght chain CDR2 domain of SEQ ID NO:
11, and a light chainl CDR 3 domain of SEQ ID NO: 12, or sequences substantially
homologous to any one of the aforementioned sequences.

Certain especially preferred antibodies comprise a heavy chain CDR1
domain of SEQ ID NO: 13, a heavy chain CDR2 domain of SEQIDNO: 14, and a
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heavy chain CDR3 domain of SEQ ID NO: 15, or sequences substantially
homologous to any one of the aforementioned sequences; and/or comprise a light
chain CDR1 domain of SEQ ID NO: 16, a light chain CDR2 domain of SEQ ID NO:;
17, and a light chain CDR 3 domain of SEQ ID NO: 18, or sequences substantially
homologous to any one of the aforementioned sequences.

Certain especially preferred antibodies comprise a heavy chain CDR1
domain of SEQ ID NO: 19, a heavy chain CDR2 domain of SEQ ID NO: 20, and a
heavy chain CDR3 domaillaibf SEQ ID NO: 21, or sequences substantially
homologous to any one of the afqrementioned sequences; and/or comprise a light
chain CDR1 domain of SEQ ID NO: 22, a light chain CDR2 domain of SEQ ID NO:
23, and a light chain CDR 3 domain of SEQ ID NO: 24, or sequences substantially
homologous to any one of the aforementioned sequences.

| Certain especially preferred antibodies comprise a heavy chain CDR1
domain of SEQ ID NO: 1, a heavy chain CDR2 domain of SEQ ID NO: 2, and a
heavy chain CDR3 domain of SEQ ID NO: 3, or sequences substantially
homologous to any one of the aforementioned sequences; and/or comprise a light
chain CDR1 domain of SEQ ID NO: 88, a light chain CDR2 domain of SEQ ID NO:
89, and a light chain CDR 3 domain of SEQ ID NO: 90, or sequences substantially
homologous to any one of the aforementioned sequences.

In a further embodiment, the invention provides an antibody that binds to
CXCR4 and which hés thé property of not inducing significant apoptosis of CXCR4
expressing cells and that compﬁses at least one heavy chain variable region that
comprises three CDRs and at least one light chain variable region that comprises
three CDRs, wherein said heavy chain variable region comprises:

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO: 1,
(1) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 2, and
(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 3.

In a preferred aspect of this embodiment, one or more of said light chain

variable region CDRs are selected from the group consisting of:
(1) a VL CDR1 that has the amino acid sequence of SEQ ID NO: 4,
(i) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 5, and
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(i) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 6. Preferably, 2
or 3 of said light chain variable region CDRs are selected from the above group.
Antibodies combrising sequences which are substantially homologous to one or
more of the aforementioned sequences are also provided in this embodiment.

In a further embodiment, the invention provides an aﬁtibody that binds to
CXCR4 and which has the property of not inducing significant apoptosis of CXCR4
expressing cells and that comprises at least one heavy chain variable region that
comprises three CDRs and at least one light chain variable region that comprises
three CDRs, wherein said heai]/y chain variable region comprises:

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO: 7,
(ii) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8, and
(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9.

In a preferred aspect of this embodiment, one or more of said light chain

variable region CDRs are selected from the group consisting of:

(1) a VL CDRI that has the amino acid sequence of SEQ ID NO: 10,

(i)a VL CDR2 that has the amino acid sequence of SEQ ID NO: 11, and

(iif) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 12. Preferably, 2
or 3 of said light chain variable region CDRs are selected from the above group.
Antibodies comprising sequences which are substantially homologous to one or
more of the aforementioned sequences are also provided in this embodiment.

In a further embodiment, the invention provides an antibody that binds to
CXCR4 and which has the property of not inducing significant apoptosis of CXCR4
expressing cells and that comprises at least one heavy chain variable region that
comprises three CDRs and‘ai least one light chain variable region that comprises
three CDRs, wherein said héavy chain variable region comprises:

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
13,

(i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 14, and

(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 15.

In a preferred aspect of this embodiment, one or more of said light chain
variable region CDRs are selected from the group consisting of;

(1) a VL CDRI that has the amino acid sequence of SEQ ID NO: 16,
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(ii) a VL CDR2 that has the amino acid sequence of SEQ ID NQ: 17, and

(iii) a VL CDR3 that has £he amino acid sequence of SEQ ID NO: 18. Preferably, 2
or 3 of said light chain variable region CDRs are selected from the above group.
Antibodies comprising sequences which are substantially homologous to one or
more of the aforementioned sequences are also provided in this embodiment.

In a further embodiment, the invention provides an antibody that binds to
CXCR4 and which has the property of not inducing significant apoptosis of CXCR4
expressing cells and that comprises at least one heavy chain variable region that
comprises three CDRs and at least one light chain variable region that comprises
three CDRs, wherein said heavy chain variable region comprises:

(1) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
19,

(i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 20, and

(iif) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 21.

In a preferred vaspec’t of this embodiment, one or more of said light chain

variable region CDRs are selected from the group consisting of:

(i) a VL CDR1 that has the amino acid sequence of SEQ ID NO: 22,

(ii) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 23, and

(i) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 24. Preferably, 2
or 3 of said light chain variable region CDRs are selected from the above group.
Antibodies comprising sequences which are substantially homologous to one or
more of the aforementioned sequences are also provided in this embodiment.

In a further embodiment, the invention provides an antibody that binds to
CXCR4 and which has the property of not inducing significant apoptosis of CXCR4
expressing cells and that comprises at least one heavy chain variable region that
comprises three CDRs and at least one light chain variable region that comprises
three CDRs, wherein said heavy chain variable region comprises:
(i) a variable heavy (VH) bDR] that has the amino acid sequence of SEQ ID NO: 1,
(ii) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 2, and
(iii) a VH CDR3 that has the amino acid sequence-of SEQ ID NO: 3,

In a preferred aspect of this embodiment, one or more of said light chain

variable region CDRs are selected from the group consisting of:
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(i) a VL CDR1 that has the amino acid sequence of SEQ ID NO: 88,

(ii) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 89, and

(iii) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 90. Preferably, 2
or 3 of said light chain variable region CDRs are selected from the above group.
Antibodies comprising sequences which are substantially homologous to one or
more of the aforementioned sequences are also provided in this embodiment.

Certain further preferred embodiments of the invention provide an antibody
that binds to CXCR4 and which has the property of not inducing significant
apoptosis of CXCR4 expressing cells and that comprises:

a VH domain that comprises one, two or three of the heavy chain CDRs of SEQ ID
NOs: 1, 2 or 3, or sequences substantially homologous to one or more of SEQ ID
NOs: 1, 2 or 3, and/or a VL domain that comprises one, two or three of the light
chain CDRs of SEQ ID NOs: 4, 5 or 6, or sequences substantiélly homologous to
one or more of SEQ ID NOs: 4, 5 or 6. ’

Certain further preferred embodiments of the invention provide an antibody
that binds to CXCR4 and which has the property of not inducing significant
apoptosis of CXCR4 expressing cells and that comprises: a VH domain that
comprises one, two or thrée of the ‘heavy chain CDRs of SEQID NOs: 7,8 or 9, or
sequences substantially homologous to ohe or more of SEQ ID NOs: 7, 8 or 9,
and/or a VL domain that comprises one, two or three of the light chain CDRs of
SEQ ID NOs: 10, 11 or 12, or sequences substantially homologous to one or more of
SEQ ID NOs: 10, 11 or 12.

Certain further preferred embodiments of the invention provide an antibody
that binds to CXCR4 and which has the property of not inducing significant
apoptosis of CXCR4 expressing cells and that comprises: a VH domain that
comprises one, two or three of the heavy chain CDRs of SEQ ID NOs: 13, 14 or 15,
or sequences substantially homologous to one or more of SEQ ID NOs: 13, 14 or 15,
and/or a VL domain that comprises one, two or three of the light chain CDRs of
SEQ ID NOs: 16, 17 or 18, or sequences substantially homologous to one or more of
SEQ ID NOs: 16, 17 or 18...

Certain further préfened embodiments of the invention provide an antibody

that binds to CXCR4 and which has the property of not inducing significant
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apoptosis of CXCR4 expressing cells and that comprises: a VH domain that
comprises one, two or three of the heavy chain CDRs of SEQ ID NOs: 19, 20 or 21,
or sequences substantially homologous to one or more of SEQ ID NOs: 19, 20 or 21,
and/or a VL domain that comprises one, two or three of the light chain CDRs of
SEQ ID NOs: 22, 23 or 24, or sequences substantially homologoﬁs to one or more of
SEQIDNOs: 22,23 or 24.

Certain further preferred embodiments of the invention provide an antibody
that binds to CXCR4 and which has the property of not inducing significant
apoptosis of CXCR4 expressing cells and that comprises: a VH domain that
comprises one, two or three of the heavy chain CDRs of SEQ ID NOs: 1, 2 or 3, or
sequences substantially homologous to one or more of SEQ ID NOs: 1, 2 or 3,
and/or a VL domain that éomprises one, two or three of the light chain CDRs of
SEQ ID NOs: 88, 89 or 90, or sequences substantially homologous to one or more of
SEQ ID NOs: 88, 89 or 90.

In preferred embodiments one, two or three of the light chain CDRs are as
defined in SEQ ID NOs: 4, 5 and 6; or 88, 89 and 90, and/or one, two or three of the
heavy chain CDRs are as defined in SEQ ID NOs: 1, 2 and 3.

Certain preferred embodiments of the invention provide an antibody that
binds to CXCR4 and which has the property of not inducing significant apoptosis of
CXCR4 expressing cells, comprising a VH domain that has the amino acid sequence
of SEQ ID NO: 69, 71, 73 or 75, or a sequence substantially homologous thereto,
and/or a VL domain that has the amino écid sequence of SEQ ID NO: 70, 72, 74, 76
or 103, or a sequence substantially homologous thereto.

Further preferred embodiments provide an antibody that binds to CXCR4
and which has the property of not inducing significant apoptosis of CXCR4
expressing cells, comprising a VH domain that has the amino acid sequence of SEQ
ID NO: 69, 71, 73 or 75 and a VL domain that comprises 3 light chain CDRs.
Preferably said light chain CDRs have SEQ ID NOs 4, 5 and 6; or 10, 11 and 12; or
16, 17 and 18; or 22, 23 and 24; or 88, 89 and 90.

Further preferred embodiments provide an antibody that binds to CXCR4
and which has the property of not inducing significant apoptosis of CXCR4

expressing cells, comprising'a VH domain that has the amino acid sequence of SEQ
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ID NO: 69, or a sequence substantially homologous thereto, and/or a VL domain
that has the amino acid sequence of SEQ ID NO: 70, or a sequence substantially
homologous thereto. .

Further prefe&ed embodiments provide an antibody that binds to CXCR4
and which has the property of not inducing significant apoptosis of CXCR4
expressing cells, comprising a VH domain that has the amino acid sequence of SEQ
ID NO: 71, or a sequence substantially homologous thereto, and/or a VL domain
that has the amino acid sequence of SEQ ID NO: 72, or a sequence substantially
homologous thereto.

~ Further preferred embodiments provide an antibody that binds to CXCR4
and which has the property of not inducing significant apoptosis of CXCR4
expressing cells, comprising 2 VH domain that has the amino acid sequence of SEQ
ID NO: 73, or a sequence substantially homologous thereto, and/or a VL domain
that has the amino acid sequence of SEQ ID NO: 74, or a sequence substantially
homologous thereto.

Further preferred embodiments provide an antibody that binds to CXCR4
and which has the prdpeﬂy of not inducing significant apoptosis of CXCR4
expressing cells, comprising a VH domain that has the amino acid sequence of SEQ
ID NO: 75, or a sequence substantially homologous thereto, and/or a VL domain
that has the amino acid sequence of SEQ ID NO: 76, or a sequence substantially
homologous thereto. ‘

Further preferred embodiments provide an antibody that binds to CXCR4
and which has the property of not inducing significant apoptosis of CXCR4
expressing cells, comprising a VH domain that has the amino acid sequence of SEQ
ID NO: 69, or a sequence substantially homologous thereto, and/or a VL domain
that has the amino acid sequence of SEQ ID NO: 103, or a sequence substantially
homologous thereto.

Antibodies comprising a VH domain that has the amino acid sequence of
SEQ ID NO: 69, or a sequence substantially homologous thereto, and/or a VL
domain that has the amino acid sequence of SEQ ID NO: 103 or 70, or a sequence

substantially homologous thereto, are particularly preferred.
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In a yet further embodiment, the present invention provides an antibody that
binds CXCR4 and which has the property of not inducing significant apoptosis of
CXCR4 expressing cells, comprising the amino acid sequence of SEQ ID NO: 35
(said antibody also being referred to herein as C-9P21 scFv), SEQ ID NO: 46 (said
antibody also being referred to herein as B-1M22 scFv), SEQ ID NO: 57 (said
antibody also being refferred»to herein as C-1124 scFv), SEQ ID NO: 68 (said
antibody also being referred to herein as D-1K21 scFv), or SEQ ID NO: 101 (said
antibody also being referred to hérein as 9N10 scFv) or comprising a fragment of
any thereof that binds CXCR4 and which has the property of not inducing
significant apoptosis of CXCR4 expressing cells, or a sequence substantially
homologous to any of the above sequences. _

Antibodies based on the C-9P21 or 9N10 sequences are particularly
preferred.

The invention is exemplified by monoclonal antibodies C-9P21, B-1M22, C-
1124, D-1K21 and 9N10, single chain forms of which are shown in Tables 1, 2, 3, 4
and 5 (SEQ ID NOs: 35, 46, 57, 68 and 101, respectively). Full length IgG forms of
antibodies C-9P21, B-1M22, C-1124, D-1K21 and 9N10 have been made and their
sequences are shown in Tables 6, 7, 8, 9 and 10, respectively. The CDR domains,
VH and VL domains of the C-9P21, B-1M22, C-1124, D-1K21 and 9N10 antibodies
are shown in Tables 1 to 5 and Figures 1 to 5. Antibodies comprising these CDR
domains or VH and VL domains (or sequences substantially homologous thereto)
are preferred aspects of the invention. Antibodies based on the C-9P21 or 9N10
sequences are particularly préferred.

A preferred embodiment of the invention is a scFv form of the C-9P21
antibody comprising or consisting of SEQ ID NO: 35, which is preferably encoded
by SEQ ID NO: 34. More preferably, the antibody comprises or consists of the
amino acid sequence shown in Figure 1 and preferably this antibody is encoded by
the nucleic acid sequence shown in Figure 1.

Another preferred embodiment of the invention is a scFv form of the B-
1M22 antibody comprising or consisting of SEQ ID NO: 46, which is preferably
encoded by SEQ ID'NO: 45. More preferably, the antibody comprises or consists of
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the amino acid sequence shown in Figure 2 and preferably this antibody is encoded
by the nucleic acid sequence shown in Figure 2.

Another preferred embodiment of the invention is a scFv form of the C-1124
antibody comprising or consisting of SEQ ID NO: 57, which is preferably encoded
by SEQ ID NO: 56. More preferably, the antibody comprises or consists of the
amino acid sequence shown in Figure 3 and preferably this antibody is encoded by
the nucleic acid sequence shown in Figure 3.

Another preferred embodiment of the invention is a scFv form of the D-
1K21 antibody comprising or consisting of SEQ ID NO: 68, which is preferably
encoded by SEQ ID NO: 67. More preferably, the antibody comprises or consists of
the amino acid sequence shown in Figure 4 and preferably this antibody is encoded
by the nucleic acid sequence shown in Figure 4.

Another preferred embodiment of the invention is a scFv form of the 9N10
antibody comprising or consisting of SEQ ID NO: 101, which is preferably encoded
by SEQ ID NO: 100. More preferdbly, the antibody comprises or consists of the
amino acid sequence shown in Figure 5 and preferably this antibody is encoded by
the nucleic acid sequence shown in Figure 5.

Other preferred embodiments are IgG forms of the C-9P21, B-1M22, C-
1124, D-1K21 and 9N10 antibodies, preferably full length IgG forms. The IgG1
form of any of these antibodies is most preferred.

Thus, another preferred embodiment of the invention is a full length IgG
antibody which comprises a heavy chain of SEQ ID NO: 108 (amino acid) and/or a
light chain of SEQ ID NO: 109 (amino acid). Also preferred is an IgG antibody
which comprises a 'heavy chain encoded by SEQ ID NO: 106 and/or a light chain
encoded by SEQ ID NO: 107. It is of course understood that full IgG antibodies
will comprise two substantially identical heavy chains and two substantially
1dentical light chains.

Another pieferred embodiment of the invention is a full length IgG antibody
which comprises a heavy chain of SEQ ID NO: 112 (amino acid) and/or a light
chain of SEQ ID NO: 113 (amino acid). Also preferred is an IgG antibody which
comprises a heavy chain encoded by SEQ ID NO: 110 and/or a light chain encoded
by SEQ ID NO: 111.
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Another prefeﬁed’einbodime’nt of the invention is a full length IgG antibody
which comprises a heavy chain of SEQ ID NO: 116 (amino acid) and/or a light
chain of SEQ ID NO: 117 (amino acid). Also preferred is an IgG antibody which
comprises a heavy chain encoded by SEQ ID NO: 114 and/or a light chain encoded
by SEQ ID NO: 115.

Another preferred embodiment of the invention is a fuli length IgG antibody
which comprises a heavy chain of SEQ ID NO: 120 (amino acid) and/or a light
chain of SEQ ID NO: 121 (amino acid). Also preferred is an IgG antibody which
comprises a heavy chain encoded by SEQ ID NO: 118 and/or a light chain encoded
by SEQ ID NO: 119.

Another preferred embodiment of the invention is a full length IgG antibody
which comprises a heavy chain of SEQ ID NO: 108 (amino acid) and/or a light
chain of SEQ ID NO: 125 (amino acid). Also preferred is an IgG antibody which
comprises a heavy chain encoded by SEQ ID NO: 106 and/or a light chain encoded
by SEQ ID NO: 123. '

Antibodies based on the C-9P21 or 9N10 sequences are particularly
preferred.

In further embodiments of the present invention, the VH CDR1 has or
comprises an amino acid sequence of SEQ ID NO: 126 (S/G Y X3 M/I H/S) or SEQ
ID NO: 127 (X1 Y X3 M H) or SEQ ID NO: 128 (S Y X3 M H).

In these embodiments X; can Be S or G, preferably S. X3 can be any amino
acid, preferably G or W or Y or A, most preferably W. Preferred VH CDR1
sequences of this embodiment are SEQ ID NOs: 1, 7, 13 or 19. A particularly
preferred VH CDR1 has or comprises the amino acid sequence of SEQ ID NO: 1.

In further embodiments of the present invention, the VH CDR2 has or
comprises an amino acid sequence of SEQ ID NO: 129 (X; 1 X3 X4 D G S Xz X9 X0
Y AD S VK G). Inthese embodiments X, X3, X4, Xg, Xoand X, can be any
amino acid. Preferably one or more, most preferably all, of these X residues are
selected from the following group: X is V or R (preferably R), X3is S or N
(preferably N), X4 is Y or S (preferably S), Xgis N or S (preferably S), Xois K or T
(preferably T) and X;;; is Y or S (preferably S). Thus, a preferred VH CDR2 has or
comprises the amino acid sequence of SEQ ID NO: 130 (V/RIS/NY/SD G S N/S
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KITY/SY ADS VK G). For example, preferred VH CDR2 sequences of this
embodiment have or comprise SEQ ID NOs: 2 or 14. SEQ ID NO:2 is particularly
pref¢ned. | i '

In further embodiments of the present invention, the VH CDR2 has or
comprises an amino acid sequence of SEQ ID NO: 131 (X; I X3P X5 X¢ G X5 Xg N
Y A QK F QQG). In these embodiments X, X3, Xs X, X5 and Xo can be any amino
acid. Preferably one or more, most preferably all, of these X residues are selected
from the following group: X is R or G (preferably R), X3 is N or I (preferably N),
Xsis N or I (preferably N), X¢ is S or F (preferably S), X3 is G or T (preferably G)
and Xg is T or A (preferably T). Thus, a preferred VH CDR2 has or comprises the
amino acid sequence of SEQ ID NO: 132 (R/GIN/IPN/ISFGG/TT/ANY AQ
K F Q G). For example, preferred VH CDR2 sequences of this embodiment have or
comprise SEQ ID NOs: 8 and 20. SEQ ID NO:20 is particularly preferred.

Due to the ability of the antibodies of the invention to not induce significant
apoptosis of CXCR4 expressing cells (an ability which has not been described
previously for CXCR4 antibodies), it is believed that the antibodies of the invention
may bind to a different epitope to known anti-CXCR4 antibodies (for example, an
epitope which protects the CXCR4+ cell from apoptosis or an epitope which is not
involved in the apoptosis mechanism or which does not trigger apoptosis, but which
is still involved in the binding of ligand to CXCR4).

Thus, also provided are antibodies which can compete with any of the
antibodies described herein (e.g. C-9 P21, C1124, D-1K21, B-1M22 or 9N10) for
binding to CXCR4.

The term "competing antibodies", as used herein, refers to antibodies that
bind to about, substantially or essentially the same, or even the same, epitope as a
"reference antibody". "Competing antibodies" include antibodies with overlapping
epitope specificities. Competing antibodies are thus able to effectively compete
with a reference antibody for binding to CXCR4. Preferably, the competing
antibody can bind to the same epitope as the reference antibody. Alternatively
viewed, the competing antibody preferably has the same epitope specificity as the

reference antibody.
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"Reference antibodies" as used herein are antibodies which can bind to an
epitope in the extracellular domain of human CXCR4 and which have one or more
of the CDR sequences are defined herein, preferably a VH and a VL domain as
defined herein, more preferably a VH of SEQ ID NO: 69 and a VL of SEQ ID NO:
70, or a VH of SEQ ID NO: 71 and a VL of SEQ ID NO: 72, or a VH of SEQ ID
NO: 73 and a VL of SEQ ID NO: 74, or a VH of SEQ ID NO: 75 and a VL of SEQ
ID NO: 76, or a VH of SEQ;ID NO: 69 and a VL of SEQ ID NO: 103. Most
preferred reference antibodies are selected from C-9P21, B-1M22, C-1124, D-1K21
and 9N10.

The identification of one or more competing antibodies is a straightforward
technical matter now that reference antibodies such as C-9P21, B-1M22, C-1124, D-
1K21 and 9N10 have been provided. As the identification of competing antibodies
1s determined in comparison to a reference antibody, it will be understood that
actually determining the epitope to which either or both antibodies bind is not in any
way required in order to identify a competing antibody. However, epitope mapping
can be performed using standard techniques, if desired.

By way of example, the following methods for the identification and
definition of epitopes are mentioned herein. The amino acid sequence of CXCR4 is
known, so synthetic peptides may be used for epitope mapping, e.g. using the
Pepscan assay. Site directed mutagenesis is also a powerful tool in epitope mapping
and can be used to evaluate the role of single amino acids in immune complex
formation. Protein footprinting relies on the fact that the epitope is protected from
cleavage when bound as an antibody-antigen complex. Enzyme linked
immunosorbent assay (ELISA) and haemaglutination and slot-blotting may also be
used in epitope mapping. Crystallisation of the antigen with the antibody may be
used to map a non-linear epitope. Protocols for carrying out such methods are
widely available and the skilled person will be aware of suitable alternative methods
of epitope mapping.

The identification of competing antibodies can be readily determined using
any one of variety of immunological screening assays in which antibody
competition can be assessed. All such assays are routine in the art and are further
described herein in detail. Each of U.S. Patent Nos. 6,342,219, 6,524,583,

| !
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7,056,509, 6,887,468, 6,342,221, 6,676,941, 6,703,020 and 6,416,758 are
specifically incorpofated herein by réference for purposes including even further
supplementing the present teaching concermning how to identify competing
antibodies. |

For example, where the test antibodies to be examined are obtained from
different source animals, or are even of a different isotype, a simple competition
assay may be employed in which the reference and test antibodies are admixed (or
pre-adsorbed) and applied to a CXCR4-containing compositidn, preferably cells
expressing CXCR4, phage displaying CXCR4, or biochips containing immobilised
CXCRA4. Protocols based upon ELISAs are particularly suitable for use in such
simple competition studies.

In certain embodiments, one would pre-mix the reference antibodies (e.g., C-
9 P21, C1124, D1K21, B-1M22 or 9N10) with varying amounts of the test
antibodies (e.g., 1:10, 1:100 or 1:1000) for a period of time prior to applying to an
antigen composition. ‘In other embodiments, the reference and varying amounts of
test antibodies can simply be admixed during exposure to the antigen composition.
In any event, by using species or isotype secondary antibodies one will be able to
detect only the bound reference antibodies, the binding of which will be reduced by
the presence of a test antibody that "competes" for binding.

In conducting an antibody competition study between a reference antibody
and any test antibody (irrespective of species or isotype), one may first label the
reference (e.g., C-9 P21, C1124, D1K21, B-1M22 or 9N10) with a detectable label,
such as, e.g., biotin or an enzymatic or radioactive label to enable subsequent
identification. In these cases, one would pre-mix or incubate the labeled reference
antibodies with the test antibodies to be examined at various ratios (e.g., 1:10, 1:100
or 1:1000) and (optionally after a suitable period of time) then assay the reactivity of
the labeled reference antibodies and' compare this with a control value in which no
potentially competing test antibody was included in the incubation.

The assay may be any one of a range of immunological assays based upon
antibody binding, and the reference antibodies would be detected by means of
detecting their label, ¢.g., using streptavidin in the case of biotinylated antibodies or

by using a chromogenic substrate in connection with an enzymatic label (such as
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3,3'5,5'-tetramethylbenzidine (TMB) substrate with peroxidase enzyme) or by
simply detecting a radioactive label. An antibody that competes with the reference
antibodies for binding to CXCR4 will be able to effectively or significantly reduce
reference antibody binding to CXCRA4, as evidenced by a reduction in bound label.
The reactivity of the (labeled) reference antibodies in the absence of a
completely irrelevant antibody Would be the control high value. The control low
value would be obtained by incubating the labeled reference (e.g., C-9 P21 ,_;01124’
D1K21, B-1M22 or 9N10) antibodies with unlabelled antibodies of exactly the same
type, when competition would occur and reduce binding of the labeled antibodies.
In a test assay, a significant reduction in labeled antibody reactivity in the presence

of a test antibody is indicative of a test antibody that "competes" with the labeled

“antibody for binding to CXCRA4.

A significant reduction is a "reproducible”, i.e., consistently observed,
reduction in binding. A "significant reduction” in terms of the present application is
defined as a reproducible reduction (in binding of the reference antibody to CXCR4
in an ELISA or other suitable assay) of at least about 20%, more preferably at least
about 25, 30, 35, 40, 45, 50,.55, 60 or 65%, even more preferably at least about
70%, about 75% or about-S‘.O% at any ratio between about 1:10 and about 1:100.
Antibodies with even more stringent competing activities will exhibit a reproducible
reduction (in binding of the reference antibody to CXCR4 in an ELISA or other
suitable assay) of at least about 82%, about 85%, about 88%, about 90%, about 92%
or about 95% or so at any ratio between about 1:10 and about 1:100. Complete or
near-complete competition, such as exhibiting a reproducible reduction in binding of
the reference antibody to CXCR4 of about 99%, about 98%, about 97% or about
96% or so, although by no means required to practice the invention, is certainly not
excluded. |

The method described above is only one example of a suitable competition
assay. The skilled person will be aware of other suitable methods and variations. An
alternative competition assay is described below.

Before the alternative competition assay is performed using flow cytometry,
some quantities of the testevd- antibody should be labeled, e.g. by biotinylation. The
functionality (retention of the cell-binding properties) of the biotinylated product.
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and the minimal concentration of the biotinylated antibody of the invention (Ab1)
that gives sub-maximal binding against a fixed number of CXCR4+ cells is
determined. A total of 10° cells are harvested from exponentially growing cultures
and incubated with various antibody concentrations for a suitable period of time at a
suitable temperature, e.g.1 hr at 4°C. The cells are washed and incubated with a
suitable detection antibody for a suitable period of time at a suitable temperature,
e.g. an additional hour at 42C. After'washing, the cells are analyzed by flow
cytometry. For each test antibody, a saturation curve is generated from the data by
plotting median fluorescence intensity (MFI) against the antibody concentration.

For the alternative competition assay, CXCR4+ cells may be preparéd as
above and treated in duplicate with a mixture of fixed concentration of labeled
(biotinylated) antibody (bio-Abl) and increasing concentrations of non-labeled
competitive antibody. The fixed concentration is the minimal concentration of
antibody that generates reasonable fluorescence signal against a fixed number of
tumor cells as determined above. Ideally, this fixed concentration in nM should be
below the affinity of the tested antibody at equilibrium (Kp). In this case the
described method can be used for estimation of affinities of competitive antibodies
(Schodin and Kranz, 1993, Binding affinity and inhibitory properties of a single-
chain anti-T cell receptor antibody. J Biol Chem 268: 25722-7). The antibody
mixture is incubatedWith target cells for for a suitable period of time at a suitable
temperature, e.g. 1 hr at 4°C. The cells are washed and the cell binding of
biotinylated antibody is revealed by incubation with FITC-labeled streptavidin.
After subtracting the background fluorescence (PBS-5% FCS) from the median -
fluorescence reading for each test sample (bio-Ab1 + Ab2), the percent of inhibition
is calculated for each Ab2 concentration “c” according to the formula:

% inhibition = (1- MFI POAPH ABZE™ ) rpp bio-Ably § 1)

is calculated. ‘

Any antibodies which can bind to CXCR4 and which can compete with any
of the antibodies described herein are contemplated, but preferred antibodies are set
out below. Accordingly, in some preferred embodiments there is provided the

following.
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An antibody which binds to an epitope in the extracellular domain of human
CXCR4 and which preferably has the property of not inducing significant apoptosis
of CXCR4 expressing cells, wherein said antibody |
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said light chain variable region comprises:

(1) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID NO: 4;
(ii) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 5; and/or

(iii) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 6; and/or
wherein said heavy chain variable region comprises

(iv) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
1;

(v) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 2; and/or

(vi) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 3; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

An antibody which binds to an epitope in the extracellular domain of human
CXCR4 and which preferably has the property of not inducing significant apoptosis
of CXCR4 expressing cells, wherein said antibody |
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said light chain variable region comprises:

(i) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID NO: 10;
(i1) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 11; and/or

(i1i) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 12; and/or
wherein said heavy chain variable region comprises

(1v) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
7; '

(v) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8; and/or

(vi) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9; or

(b) is an antibody which can compete with antibody (a) for binding to CXCRA4.
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An antibody which binds to an epitope in the extracellular domain of human
CXCR4 and which preferably has the property of not inducing significant apoptosis
of CXCR4 expressing cells, wherein said antibody
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said light chain variable region comprises:

(1) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID NO: 16;
(ii) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 17; and/or

(111) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 18; and/or
wherein said heavy chain variable region comprises

(iv) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
13; v

(v) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 14; and/or

(vi) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 15; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

An antibody which binds to an epitope in thé extracellular domain of human
CXCR4 and which preferably has the property of not inducing significant apoptosis
of CXCR4 expressing cells, wherein said antibody
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said light chain variable region comprises:

(i) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID NO: 22;
(if) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 23; and/or

(iii)) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 24; and/or
wherein said heavy chain va‘riéble region comprises

(iv) a variable heavy (VH) CDR] that has the amino acid sequence of SEQ ID NO:
19; S ’

(v) a VH CDR?2 that has the amino acid sequence of SEQ ID NO: 20; and/or

(vi)a VH CDR3 that has the amino acid sequence of SEQ ID NO: 21; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.
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An antibody which binds to an epitope in the extracellular domain of human
CXCR4 and which preferably has the property of not inducing significant apoptosis
of CXCR4 expressing cells, wherein said antibody |
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said light chain variable region comprises:

(1) a variable light (VL) CDRI1 that has the amino acid sequence of SEQ ID NO: 88;
(i1) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 89; and/or

(a11) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 90; and/or
wherein said heavy chain variable region comprises

(iv) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID NO:
1

(v) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 2; and/or

(vi) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 3; or

(b) is an antibody which can compete with antibody (a) for binding to CXCRA4.

In one embodiment, the antibody.

(a) has a VH domain of SEQ ID NO: 69 and a VL domain of SEQ ID NO: 70; or
(b) is an antibody which can compete with antibody (a) for binding to CXCRA4.

In one embodiment, the antibody
(a) has a VH domain of SEQ ID NO: 71 and a VL domain of SEQ ID NO: 72; or
(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

In one embodiment, the antibody
(a) has a VH domain of SEQ ID NO: 73 and a VL domain of SEQ ID NO: 74; or
(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

In one embodiment, the antibody
(a) has a VH domain of SEQ ID NO: 75 and a VL domain of SEQ ID NO: 76; or
(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

In one embodiment, the antibody
(a) has a VH domain‘of SEQ ID NO: 69 and a VL domain of SEQ ID NO: 103; or
(b) is an antibody which can compete with antibody (a) for binding to CXCRA4.

Preferably, antibody (b) has one or more of the CDR sequences, VH domains

and/or VL domains described herein.
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Preferably, antibody (b) can bind to the same epitope as antibody (a).

Certain examples of substantially homologous sequences are sequences that
have at least 70% identity to the amino acid sequences disclosed. In certain
embodiments, the antibodies of the invention that bind to CXCR4 and have the
property of not inducing sigrlliﬁcant apoptosis of CXCR4 expressing cells comprise
at least one light chain variable region that includes an amino acid sequence region
of at least about 75%, moré preferably at least about 80%, more preferably at least
about 85%, more preferably at least about 90% or 95% and mbst preferably at least
about 97%, 98% or 99% amino acid sequence identity to the amino acid sequence of
SEQ ID NO: 70, 72, 74, 76 or 103; and/or at least one heavy chain variable region
that includes an amino acid sequence region of at least about 75%, more preferably
at least about 80%, more preferably at least about 85%, more preferably at least
about 90% or 95% and most preferably at least about 97%, 98% or 99% amino acid
sequence identity to the amino acid sequence of SEQ ID NO: 69, 71, 73 or 75.

Other preferred examples of substantially homologous sequences are
sequences containing conservative amino acid substitutions of the amino acid
sequences disclosed.

Other preferred examples.of substantially homologous sequences are
sequences containing up to 1, 2, 3 or 4 preferably up to 1 or 2, altered amino acids in
one or more of the CDR regions disclosed. Such alterations might be conservative
or non-conservative amino acid substitutions, or a mixture thereof. |

In all such embodiments, preferred alterations are conservative amino acid
substitutions.

In all embodiments, the antibodies containing substantially homologous
sequences retain the ability to bind to CXCR4 and preferably retain one or more of
the other properties described herein, e.g. the property of not inducing significant
apoptosis of CXCR4 expressing cells and/or the property of being antagonistic.

" Other embodiments of the present invention provide binding proteins that
bind to CXCR4 and preferably have one or more of the other properties described
herein, e.g. have the property of not inducing significant apoptosis of CXCR4
expressing cells and/or the property of being antagonistic and that comprise an

antibody of the invenﬁon,;a VH or VL domain of the invention, or one or more of
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the CDRs of the invention. In a preferred embodiment, such binding proteins are
antibodies.

Preferred antibodies of the invention comprise at least one heavy chain
variable region that comprises three CDRs and at least one light chain variable
region that comprises three CDRs. Exemplary and preferred sequences for these
CDRs are described herein. ,

As used herein, the succinct term "CXCR4", unless otherwise specifically
stated or made clear from the scientific terminology, means CXC chemokine
receptor 4 (also known as fusin, HM89, LESTR or HUMSTR).

CXCR4 may be free CXCRA4, e.g. recombinant or purified CXCR4, but
preferably it is present in a native form, e.g. on the surface of a cell.

The antibodies or binding proteins of the invention can also bind to
fragments of CXCR4, in particular fragments comprising or consisting of all or part
of the extracellular domain of CXCR4, or can bind to entities comprising CXCR4 or
fragments of CXCR4. Indeed, the epitopes of the antibodies of the invention are
located in the extracellular domain of CXCR4.

| "CXCR4" may also refer to any form of CXCR4, particularly as CXCR4 is

conserved across mammalian species. The antibodies or antibody fragments of the
invention may thus bind to human, monkey (e.g. cynomolgus monkey or Macaca
mulatta/rhesus monkey), mouse (murine), cow (bovine), rat, hamster, ferret, guinea
pig and/or rabbit CXCR4, for example. Preferably, the antibodies or antibody
fragments of the invention will bind at least to human CXCR4. Thus, unless stated
otherwise, any refcreﬁce heréin* to "CXCR4" may be read to mean "human CXCR4".
In certain preferred embodiments, the antibodies or antibody fragments of the
invention will bind at least to human and monkey (e.g. cynomologus monkey or
Macaca mulatta/thesus monkey) CXCR4. In other preferred embodiments the
antibodies or antibody fragments of the invention will bind at least to human and
mouse CXCR4. In other preferred embodiments the antibodies or antibody
fragments of the invention will bind at least to human, monkey and mouse CXCRA4.

As used herein, the term "that binds to CXCR4" or "anti~-CXCR4" in the
context of antibodies or antibody fragments of the present invention, means

antibodies or antibody fragments that are capable of one or more of the following;
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preferably, of more than one of the following; and most preferably, of all of the
following:

(a) bind to CXCR4 expressed on the surface of a cell, e.g. a cell transfected with
CXCR4 or a cell which naturally expresses CXCR4, e.g. as assessed by flow
cytometry or immunohistochemistry;

(b)  bind to a conformationally dependent (e.g. non linear) CXCR4 epitope, e.g.
as assessed by binding to CXCR4 in a Western blot under non-reducing conditions;
(c)  bind at least to human CXCR4, more preferably to human and monkey
CXCR4 or to human and mouse CXCR4, most preferably to human, monkey and
mouse CXCR4;

(d)  bind to human and monkey CXCR4 or to human and mouse CXCR4 with

similar affinities, e.g. with a Kd of 10nM or less, preferably 5SnM or less, more

preferably 3nM or less or 2nM or less, for example 1nM or less as also discussed

elsewhere herein.

Preferred antibodies or antibody fragments of the present invention are also
capable of one or more of the following; preferably, of more than one of the
following; and most preferably, of all of the following functional properties:

(e) do not induce significant apoptosis of CXCR4 expressing cells;

® block or inhibit the binding of CXCR4 to one or more of its ligands, e.g.
block or inhibi-t the binding of CXCR4 to at least SDF-1 or an alternative ligand for
CXCR4, e.g. the chemical compound AMD-3100, and preferably inhibit the binding
of CXCRA4 to at least both of SDF-1 and AMD-3100;

(g block or inhibit downstream signalling events from the CXCR4 receptor, e.g.
inhibit CXCR4-mediated cellular responses to a CXCR4 ligand such as SDF-1, for
example preferably to inhibit the release of calcium ions in response to a CXCR4
ligand such as SDF-1 ‘or to'block or inhibit ligand (e.g. SDF-1) induced migration of
CXCR4+ cells; ,

(h)  induce ADCC of CXCR4+ cells as described elsewhere herein;

(1) induce anti tumour effects in vivo,

)] localize to tumours upon administration to an animal with a tumour;

(k) induce CDC of CXCR4+ cells;

M induce anti-viral effects, in particular anti-HIV effects, in vitro or in vivo,
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(m)  not exhibit agonistic activity in respect of the CXCR4 receptor;

In the context of binding to CXCR4+ cells, it should be understood that the
antibodies of the present invention bind to CXCR4+ cells and do not significantly
bind to CXCR4" cells (as shown in Example 2).

The term “do not significantly bind to CXCR4" cells” should be
understood such that any binding of the antibody to CXCR4" cells does not prohibit
the use of said antibody for therapeutic or diagnostic purposes. Thus, "insignificant"
binding to CXCR4" cells includes the situation that the binding of the antibody to
CXCR4 cells is significantly weaker than its binding to one or more CXCR4" cells
or can be considered to be at a background level, e.g. comparative to or not
significantly different from a level observed in a negative control experiment.

For therapeutic or diagnostic purposes the main consideration is that the
antibody must bind more strongly to one or more types of CXCR4™ cells than to any
CXCR4 cells with which the antibody may come into contact during the
therapeutic or diagnostic application.

The antibodies of the invention may be referred to as "CXCR4-specific".
The term “CXCR4-specific” should be interpreted such that the binding of the
antibody to CXCR4 expressing cells is specific enough to allow the use of said
antibody for therapeutic or diagnostic purposes. A CXCR4-specific antibody as
described herein has the ability to bind CXCR4 (e.g. on the surface of a cell) but
does not significantly bind to non-CXCR4 proteins (e.g. does not significantly bind
to CXCR4 - cells). The skilled person can readily determine if any given antibody is
CXCR4-specific by comparing the binding strength to a target CXCR4™ cell (e.g. a
cell transfected with and expressing CXCR4, or a cell which naturally expresses
CXCR4, e.g. Ramos cells, Jurkat cells, CCRF-CEM cells, Raji cells), with the
binding strength to one or more types of CXCR4 cells, e.g. wild-type cells not
transformed with CXCR4 such as HEK293T-cells or DT40-cells.

It is described in the art that CXCR4 has a tendency to develop somewhat
different conformations depending on the cell type expressing it (see for examplé
Baribaud et al., 2001). Thus, antibodies of the invention are regarded as having the
ability to bind to CXCR4 on the surface of a cell when they can bind to one or more

cell types which have been transfected with CXCR4 or which naturally express
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CXCR4. Preferred antibodies have the ability to bind to CXCR4 on multiple cell
types and thus have the ability to bind multiple conformations of CXCR4. For
example, the C-9P21, 9N10 and C-1124 antibodies described herein show such
abilities.

The skilled person will be aware that binding to CXCR4" cells compared to
CXCR4’ cells may be assessed, for example, using flow cytometry and a suitable
assay is described in Examples 2 and 3.

Immunohistochemistry techniques, which are well known in the art, may be
used to score the binding of antibodies to cells or samples. Such assays may be used
to test the specificity of a particular antibody, or to detect CXCR4 expression in
tissue samples. Briefly, the antibody may be tested for example on a high-d;ensity
array of human tissues including a positive control (cells known to be CXCR4-
positive) and a negative control (cells known to be CXCR4-negative). The
membranous staining intensity may be estimated by visual inspection in a four step
scale (0,1,2,3). Preferred antibodies show weak or strong (i.e. scores above 0),
preferably strong immunochistochemical scores for CXCR4+ tissues.

As discussed above, the antibodies of the invention have the property of not
inducing significant apoptosis of CXCR4+ cells (CXCR4 expressing cells). By the
term "not inducing significant apoptosis of CXCR4+ cells" is meant that levels of
apoptosis induced in the presence of an antibody are comparable to or not
significantly different from levels of apoptosis induced in the absence of an
antibody, e.g. under negative control conditions or background level, for example in
the presence of growth medium alone. Thus, preferably the antibodies of the
invention do not induce a measurable or significant increase in apoptosis over
natural, or background, or control levels of apoptosis. This is in contrast to prior art
antibodies such as the Medarex antibodies described in WO 2008/060367 (e.g. F7)
which induce measurable and significant apoptosis compared to apoptosis observed
in the absence of antibody (see also Example 10 herein). Preferably, the antibodies
of the invention do not induce significant apoptosis at antibody concentrations of
>0.4 pg/ml, for example, at concentrations of at or at least 0.4 pg/ml, 1 pg/ml, 2
pg/ml, 3 pg/ml, 4 pg/ml, 5 pg/ml, 6 pg/ml, 7 ug/ml, 8 pg/ml, 9 ug/ml 10 ug/ml, 11
pug/ml, 12 pg/ml, 15 pg/ml, 20 pg/ml, 25 pg/ml, 30 pg/ml, 40 pg/ml, 50 pg/ml, 75
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pg/ml and 100 pg/ml (preferably in IgG, e.g. IgG1 form). More preferably, the
antibodies of the invention do not induce significant apoptosis when assessed on the
CXCR4+ Ramos cell line in vitro (e.g. when assessed using an assay as described in
Example 10). Preferably, the antibodies of the invention do not induce significant
apoptosis when used at concentrations of >0.14 pg/1x10° cells, for example, at
concentrations of at or at least 0.14 ug/1x10° cells, 0.25 pg/1x10° cells, 0.5 pg/1x10°
cells, 1 pg/1x10° cells, 2 pg/1x10° cells, 3 pg/1x10° cells, 3.5 pg/1x10° cells, 4
ng/1x10° cells, 5 pg/1x10° cells, 10 pg/1x10° cells, 15 pg/1x10° cells, 20 pg/1x10°
cells, 25 pg/1x10° cells, 30 pg/1x10° cells and 35 pg/1x10° cells, more preferably the
cells are RAMOS cells. Preferably, the antibodies of the invention do not induce
significant apoptosis when used at a therapeutically useful concentration (e.g. at an
antibody concentration of >0.4 pg/ml, for example, at concentrations of at or at least
0.4 pg/ml, 1 pg/ml, 2 pg/ml, 3 pg/ml, 4 pg/ml, S pg/ml, 6 pg/ml, 7 pg/ml, 8 pg/mi,
9 pg/mi 10 pg/ml, 11 pg/ml, 12 pg/ml, 15 pg/ml, 20 pg/ml, 25 pg/ml, 30 pg/ml, 40
pg/ml, 50 pg/ml, 75 pg/ml and 100 pg/ml (preferably in IgG, e.g. IgG1 form,
preferably the antibody concentration is the antibody concentration in serum). By
way of example, an antibody which does not induce significant apoptosis of
CXCR4+ cells is an antibody which does not cause more than 10% cells to become
apoptotic upon incubation with the antibody in an assay which defines apoptotic
cells as those which are positive to Annexin V binding. A preferred assay is
described in Example 10 and involves the use of Ramos cells and IgG1 antibodies
up to a concentration of 10 pg/ml. Viewed alternatively, an antibody which does
not induée significant apoptosis of CXCR4+ cells is an antibody where any increase
in apoptosis above background or contro] level is an increase of a maximum of 50%
over said background or control level in an 5ssay which defines apoptotic cells as
those which are positive to Annexin V binding. A preferred assay is described in
Example 10 and involves the use of Ramos cells and IgG1 antibodies up to a
concentration of 10 pg/ml.

The induction of apoptosis may be assayed using well-known standard
methods, for example methods which assay Annexin V staining (for an exemplary
method involving Annexin staining see Example 10). Briefly, cells (e.g. Ramos

cells) may be incubated with an antibody (e.g. an antibody in IgG1 format) for a
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suitable period of time, e.g. 24 or 48 hours and the effect, after cell harvesting and
Annexin V staining may be measured by FACS analysis (e.g. using EasyCyte).
Annexin V staining is indicative of apoptotic cells, whereas dead cells can be
identified (and distinguished from apoptotic cells) by for example PI staining.

The antibodies C-9P21, B-1M22, C-1124, D-1K21 and 9N10 have been
shown to be capable of inhibiting ligand induced signalling via CXCR4, e.g.
inhibiting CXCR4-mediated cellular responses to a CXCR4 ligand such asl SDF-1,
in particular by inhibiting the release of calcium ions in response to a CXCR4 ligand
such as SDF-1 (see Example 6). Thus, the antibodies of the invention are preferably
capable of inhibiting CXCR4-mediated cellular responses to a CXCR4 ligand such
as SDF-1, in particular by inhibiting the release of calcium ions in response to a
CXCR4 ligand such as SDF-1. In particular, the antibodies are preferably capable
of inhibiting SDF-1-~induced calcium flux. Suitable assay methods are known and
one assay is disclosed in Example 6.

The "blocking" or "inhibition" of various CXCR4 mediated events described
herein such as downstream signalling events from CXCRA4, ligand induced
signalling via CXCR4, CXCR4 mediated cellular responses to a CXCR4 ligand,
release of calcium ions, ligand induced migration, etc., means that the property in
question is measurably or significantly reduced in the presence of the antibody of
the invention compared to the absence of the antibody. For example, said property
may be reduced by at least 10, 20, 30, or 40%, more preferably at least 45, 50, 55,
60, 65, 70 or 75%, even more preferably at least 80% in the presence of the antibody
compared to binding in the absence of the antibody. The reduction by at least 85, 90
or 95% are also contemplated for certain properties.

In the case of the blocking or inhibition of the release of calcium ions
(calcium flux) at least 20% or 30% inhibition is often seen with the antibodies of the
invention rising up to at least 70%, 75%, 80% or 95% inhibition (see Example 6).
Exemplary concentrations of antibody used to achieve such inhibition are 4pg/ml,
10pg/ml or 100pg/ml. In certain embodiments of the invention, the antibody
concentration capable of giving rise to 50% inhibition of the release of calcium ions
(ICsp) from CXCRA4+ cells, e.g. CCRF-CEM cells, in vitro, is preferably less than 50
nM, 40 nM, 35 nM or 30 nM (or any integer between 30 and 50), 25 nM, 20 nM, 15
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nM, 10 nM, 7 nM or 5 nM (or any integer between 5 and 30). For example, the C-
9P21 antibody of the invention has been shown to have an ICsy of 29 nM for CCRF-
CEM cells. The 9N10 antibody has been shown to have an ICs; of 3.85 nM for
CCRF-CEMcells. _

In some embodiments, the antibodies may block or inhibit migration or
chemotaxis of CXCR4+ cells towards a ligand of CXCR4 such as SDF-1 (see
Example 7) . The inhibition of migration or chemotaxis may be assayed using
standard methods, for example using a transwell assay. Briefly, cells capable of
chemotaxis and which express CXCR#4 are contacted with an antibody in one
chamber and a ligand of CXCR4 such as SDF-1 is placed in another chamber
separated from the first chamber by a membrane of filter having a suitable pore size.
The effect of the antibody on cell migration towards the ligand (chemotaxis) is
determined by comparing chemotaxis in the presence of the antibody to chemotaxis
in the absence of the antibody. A suitable assay is described in Example 7. At least
50% and up to 100% inhibition of migration is seen depending on the concentration
of antibody. - _

In certain embodiments of the invention, the antibody concentration capable
of giving rise to 50% inhibition of cell migration (ICsp) of CXCR4+ cells, e.g.
CCRF-CEM cells, in vitro, is preferably less than 20pg/ml, 15ug/ml (or any integer
between 15 and 20), 10pug/ml (or any integer between 10 and 15), Spg/ml (or any
integer between 5 and 10), 4ug/ml, 3pg/ml, 2pg/ml or 1pg/ml. For example, the C-
9P21 antibody of the invention has been shown to have an ICsy of 2.9 pg/ml for
CCRF-CEM cells. In certain embodiments of the invention, the antibodies are
capable of 100% inhibition in vitro at 5 pg/ml, 10 pg/ml, 15 pg/ml, 20 pg/ml, 25
pg/ml or 30 pg/ml (or any integer between 6 and 30 pg/ml).

Preferably the antibodies of the invention (e.g. C-9P21, C-1124, D-1K21, B-
1M22 and 9N10) are capable of inhibiting the binding of CXCR4 to one or more of
its ligands. Preferably, the binding to at least SDF-1 is inhibited. More preferably,
the binding to SDF-1 and AMD-3100 is inhibited. For example,the antibodies C-
9P21, C-1124 , 9N10 and D-1K21 have been shown to be capable of inhibiting the
binding of CXCRA4 to its ligand SDF-1 (Example 3). The antibodies C-9P21, C-
1124 and D-1K21 have also been shown to be capable of inhibiting the binding of
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CXCR4 to AMD-3100 (Example 3). Given their effects on calcium flux, it can be
expected that B-1M22 also competes with ligand for binding to CXCRA4.

By the "blocking of binding" or "inhibition of binding" of a ligand to
CXCR4 is meant that binding of the ligand to CXCR4 is measurably or significantly
reduced, e.g. is reduced by at least 10, 20, 30, or 40%, more preferably at least 45,
50, 55, 60, 65, 70 or 75%, even more preferably at least 80% in the presence of the
antibody compared to bindiﬁg in the absence of the antibody. Embodiments in
which the binding of ligand to CXCR4 is reduced by at least 85, 90 or 95% are also
contemplated. Alternatively viewed, when the ligand is first contacted with CXCR4
and the antibody is subsequently édaed, the ligand can inhibit the binding of the
antibody to CXCRA4.

Assays for determining whether an antibody can inhibit the binding of a
ligand to CXCR4 are well known and would be immediately apparent to a person
skilled in the art. A suitable assay is described in Example 3. Briefly, CXCR4+
cells were incubated with SDF-1 (or AMD-3100, as appropriate) or without SDF-1
(or AMD-3100, as appropriate), then antibody was added and the antibody was then
detected with labeled anti-human antibody. For antibodies with the ability to inhibit
the binding of a ligand to CXCR4, pre-incubation in the presence of SDF-1 (or
AMD-3100, as appropriate) resulted in a reduction in antibody binding to CXCR4.
Particularly, the binding of antibody to Ramos cells, Jurkat cells or CCRF-CEM
cells which naturally express CXCR4 and are pre-incubated with SDF-1 or AMD-
3100 is inhibited. Altemnatively, the antibodies being tested can be added to the cells
at the same time as the ligand, or the antibodies can be added first.

Altemaﬁve assays for determining whether an antibody can block the
binding of a ligand to CXCR4 include the use of labeled ligand, e.g. radiolabelled
ligand.

Although not the main mechanism of action for the antibodies of the
invention, the antibodies of the invention preferably have the ability to induce
antibody dependent cellular cytotoxicity (ADCC) of CXCR4+ cells. ADCC may be
assayed in vitro using methods well known in the art. A suitable method in which
CXCR4+ cells, e.g. CCRF-CEM cells, are labelled with a fluorescent label in order
to assess ADCC lysis in the presence of PBMCs is described in Example 8.
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Alternatively, a Chromium-51 release assay may be used, for example. Thus, the
antibodies of the invention may for example cause at least 10%, 15%, 20%, 22%,
25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or 98% killing of CXCR4+ cells
in vitro e.g., in the presence of human PBMCs. Antibodies which can induce 100%
or almost 100% killing are also included. For example, the B-1M22 antibody has
been shown to induce 100% (or almost 100% given the bounds of experimental
error) killing in some experiments (see Example 8 where essentially 100% killing of
the CXCR4+ cell line CCRF-CEM in the presence of human PBMCs and the B-
1M22 antibody is induced). In addition, at the IgG level, the antibodies C-9P21 and
C-1124 have been shown to cause at least 50%, 55% or 60% killingvof the CXCR4+
cell line CCRF-CEM in the presence of human PBMCs, the antibody D-1K21 has
been shown to cause at least 15%, 20% or 25% killing of the CXCR4+ cell line
CCRF-CEM in the presence of human PBMCs (see Example 8).

Although not the main mechanism of action for the antibodies of the
invention, ADCC is advantageous for some applications, particularly some
therapeutic applications. Thus, in preferred embodiments the antibody can induce
ADCC of CXCR4+ cells, preferably of CXCR4+ tumour cells in the presence of
PBMCs. In other embodiments, the antibodies induce little or no significant ADCC.

| The antibodies of the invention are preferably also shown to be suitably
potent in terms of the concentration of antibody required to achieve such ADCC
levels. Again, a suitable in vitro test is described in Example 8.

Thus, the antibody concentration required for half maximal cell lysis (ECsg)
of CXCR4+ cells, e. g. CCRF-CEM cells, in vitro is preferably less than 2000ng/m],
1500ng/ml, IOOOng/nil, 700ng/ml, 650ng/ml, 620ng/ml, 600ng/ml, 550ng/mi,
500ng/ml, 450ng/ml, 400ng/ml; 350ng/ml, 300ng/ml, 250ng/ml, 200ng/ml,
150ng/ml, 125ng/ml, 100ng/ml, 90ng/ml, 80ng/ml, 70ng/ml, 60ng/ml, SOng/ml,
45ng/ml, 40ng/ml, 35ng/ml, 30 ng/ml, 25ng/ml, 20ng/ml, 15ng/ml, 10ng/ml, 9ng/ml,
7ng/ml, 5Sng/ml, 2ng/ml, 1ng/ml, 0.5ng/ml or 0.25ng/ml. For example, at the IgG
level, the C-9P21 antibody of the invention has been shown to have an ECsg of 1852
ng/ml for CCRF-CEM cells, and antibody C1124 of the invention has been shown to
have an ECs 0f 49.2ng/ml for CCRF-CEM cells. Antibody D-1K21 of the
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invention has been shown to have an ECsy of 79.9 ng/ml and antibody B-1M22 of
the invention has been shown to have an ECsq of 115.7 ng/ml. |

In some embodiments, the antibodies may induce complement-dependent
cytotoxicity (CDC) of CXCR4+ cells, but in other embodiments the antibodies are
not capable of inducing CDC. For example, the antibodies B-1M22 and C1124, in
particular C-1124, have shown a good ability to induce CDC of CXCR4+ cells, e.g.
in Ramos cells (see Example 9).

The induction of CDC may be assayed using well-known standard methods,
for example by labelling CXCR4+ cells such as Ramos cells with a fluorescent label
in order to assess CDC lysis in the presence of human serum. A suitable assay is
discussed in Example 9.

Other preferred propgrties include the absence of significant toxicity irn vivo
when the antibodies of the invention are administered and the absence of significant
other side effects in vivo. |

Preferably, the abilities described herein are observed at a measurable or
significant level and more preferably at a statistically significant level, when
compared to appropriate control levels.

Some antibodies are capable of being internalized into the cells to which théy
become bound. Thus, in some embodiments of the invention the antibodies are
capable of being internalized. This property is particularly advantageous for use in
immunoconjugates as any other agent attached to the antibody molecule should be
intermalized with the antibody molecule. In other embodiments no significant
internalization is seen. | .

The skilled person will be aware of suitable ways to assay internalization, for
example using temperature-differential fluorescence labeling on flow cytometry or
confocal microscopy. An example of a suitable assay involves a secondary
antibody labelled with a pH-sensitive dye (such as CypHer5E), which is minimally
fluorescent at a basic pH (as found outside of cells) and maximally fluorescent at an
acidic pH (as found inside of cells). ' _

The term "ligand" of CXCR4 includes the natural ligands of CXCR4 such as

SDF-1, which may be naturally produced, recombinantly expressed or synthesised in
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the laboratory. This term also includes non-natural or engineered ligands of
CXCR4, such as AMD-3100, which can bind to CXCR4.

By "CXCRA4+ cells" or "CXCR4 expressing cells" is meant cells which
express CXCR4 on their's'u;rface, preferably at least substantially in its wild-type
conformation. CXCR4+ célls rhay be naturally positive for CXCR4, or they may be
transformants which express recombinant CXCR4. _

In light of this invention, therefore, a range of anti-CXCR4 antibodies can be
made and used in a variety of embodiments, including in the treatment of any of the
disorders discussed elsewhere herein, particularly cancer (including metastatic
cancer), autoimmune disorders, inflammatory disorders and infections, in particular
viral infections such as HIV.

As used throughout the entire application, the terms "a" and "an" are used in
the sense that they mean "at least one", "at least a first", "one or more" or "a
plurality" of the referenced components or steps, except in instances wherein an
upper limit is thereafter specifically stated. Therefore, an "antibody", as used herein,
means "at least a first-antibody". The operable limits and parameters of
combinations, as with the amounts of any single agent, will be known to those of
ordinary skill in the art in light bf the present disclosure.

Preferred embodiments of the invention are compositions comprising at least
one anti-CXCR4 antibody of the invention, or antigen binding fragment thereof.

Nucleic acid molecules comprising nucleotide sequences that encode the
antibodies of the present invention as defined herein or parts or fragments thereof, or
nucleic acid molecules substantially homologous thereto, form yet further aspects of
the invention. Preferred nucleic acid molecules comprise sequences which encode
the amino acid sequence set out in SEQ ID NO: 35 (which is preferably encoded by
SEQ ID NO: 34), SEQ ID NO: 46 (which is preferably encoded by SEQ ID NO:
45), SEQ ID NO: 57 (which is preferably encoded by SEQ ID NO: 56), SEQ ID
NO: 68 (which is preferably encoded by SEQ ID NO: 67) or SEQ ID NO: 101
(which is preferably encoded by SEQ ID NO: 100). Other preferred nucleic acid
molecules comprise sequences which encode a heavy chain variable region (VH)
that has the amino acid sequence of SEQ ID NO: 69, 71, 73 or 75 (which is
preferably encoded by SEQ ID NO: 77, 79, 81 or 83) and/or comprise sequences



10

15

20

25

30

WO 2011/098762 PCT/GB2011/000175

-52.

which encode a light chain variable region (VL) which has the amino acid sequence
of SEQ ID NO: 70, 72, 74, 76 or 103 (which is preferably encoded by SEQ ID NO:
78, 80, 82, 84 or 105). More preferred are nucleic acids which encode the
following combinations: SEQ ID NOs: 69 and 70; or SEQ ID NOs: 71 and 72; or
SEQ ID NOs 73 and 74; or SEQ ID NOs 75 and 76; or SEQ ID NOs 69 and 103,
Also preferred are nucleic acid molecules which comprise the following |
combinations: SEQ ID NOs: 77 and 78; or SEQ ID NOs: 79 and 80; or SEQ ID
NOs: 81 and 82; or SEQID NOS; 83 and 84; or SEQ ID NOs: 77 and 105.

Other preferred nucleic acid molecules comprise sequences that eﬁcode IgG
forms of the antibodies of the invention, for example those as described in Example
4, or murine chimeric forms. '

As indicated above, other nucleic acid molecules encompassed by the
present invention are those encoding parts or fragments of the human antibodies of
the present invention, e.g., those encoding a heavy chain variable region (VH) of an
antibody (e.g., those encoding SEQ ID NO: 69, 71, 73 or 75, such as SEQ ID NOs:
77,79, 81 or 83 respectively) or those encoding a light chain variable region (VL) of
an antibody (e.g., those encoding SEQ ID NO: 70, 72, 74, 76 or 103, such as SEQ
ID NO: 78, 80, 82, 84 or 105 respectively). Other preferred nucleic acid molecules
are those encoding a heavy chain of an antibody of the present invention (e.g., those
encoding SEQ ID NO: 108, 112, 1.16 or 120, such as SEQ ID NOs: 106,110, 114 or
118 respectively) or those encoding a light chain of an antibody (e.g., those
encoding SEQ ID NO: 109, 113, 117, 121 or 125 such as SEQ ID NOs: 107, 111,
115, 119 or 123 respectively). A

Thus, fragments of the antibodies of the invention as defined herein, or
sequences substantially homologous thereto, or nucleic acid molecules comprising
sequences encoding such fragments form a yet further aspect of the invention.

Advantageously, the antibodies of the present invention, when in IgG format,
have a high binding affinity for CXCRA4, i.e., have a Kd in the range of 1x10® M or
1x10”° M or less. Importantly, antibodies with such an affinity are in the established
range that has been shown to be useful for therapy.

In some embodiments, antibodies of the invention may bind to both human

CXCR4 and monkey CXCR4. For example, the antibodies C-9P21, C1124, D1K21,
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9N10 and B-1M22 all have this capability. Such cross-reactivity between species
and in particular between humans and species commonly used as pre-clinical animal
models may be an advantage as it allows a more effective translation from pre-
clinical studies to clinical use. For example, having an antibody which cross reacts
with the native CXCR4 present in the particular animal model used means that the
results in this model are more likely to reflect the situation in a human pﬁticnt,
thereby allowing a more accurate assessment of for example dosing to be made and
an increased likelihood of identifying any potentially relevant or problematic side
effects. This is especially the case if the antibody has similar affinity to both
monkey and human CXCR4.

For example, the ability of an antibody of the invention to bind to both
human CXCR4 and monkey CXCR4 means that such antibodies can be tested in
preclinical toxicity studies to assess adverse side effects of the treatment and to find
appropriate tolerated dosages.

In addition, the ability to bind both human CXCR4 and mouse CXCR4
means that the results shown by such antibodies of the invention in mouse models,
e.g. mouse syngeneic models using immunocompetent mice, are more likely to be
representative of the activity of the antibodies in human subjects. The reason for
this is that antibodies which can bind to human CXCR4 but not mouse CXCR4 will
bind to CXCR4 expressed by the human tumor cells in the mouse model but will not
be able to bind to endogenous murine CXCR4. This is of course unlike the situation
in a human patient, in which CXCR4 expressed by the tumor and endogenous
CXCR4 would be present.

The potential disadvantage with such a situation is that an antibody which
binds to human CXCR4 but not, or with significantly lower affinity, to mouse
CXCR4 might perform well in a human tumor xenograft model in
immunocompromized mice (e.g. nude or SCID mice) but this might not be reflected
by a similar performance in a human system where much more CXCR4 was present.
In other words, the anti-tumor effect seen in a mouse xenograft system with an
antibody which can bind to human CXCR4 but not mouse CXCR4 might look better
than the clinical reality. In contrast, when working with an antibody that can bind to

both human and mouse CXCR4 then this will bind to all forms of CXCR4 present in
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the mouse model system aﬁd is likely to be more representative of the situation
when the antibody is put into humans. This is especially the case if the antibody has
similar affinity to both murine and human CXCR4.

In preferred embodiments, antibodies of the invention bind to human and
monkey CXCR4 or to human and mouse CXCR4 or to human and monkey and
mouse CXCR4 with similar affinities. _

By "similar affinity" is also meant that the binding affinity of the antibody
for human CXCR4 and for one or more of the other species of interest (e.g. monkey
or mouse) is comparable, €.g. is not more than a factor of 20 different. More
preferably the difference between the binding affinities is less than a factor of 15,
more preferably less than a factor of 10, most preferably less than a factor of 5, 4, 3
or 2. Comparison of binding affinities can be carried out by any appropriate
method. For a cell surface ligand such as CXCR4, flow cytometry methods such as
FACS provide a convenient method of comparison in which binding curves and, for
example, median values, can be compared,in the same experiment. An appropriate
method is described in Example 5.

However, in other embodiments, the antibodies of the present invention may
not bind to monkey CXCR4 and/or they may not bind to mouse CXCR4.

In the following descriptions of the compositions, immunoconjugates,
pharmaceuticals, combinations, cocktails, kits, first and second medical uses and all
methods in accordance with this invention, the terms "antibody" and
"immunoconjugate”, or an antigen-binding region or fragment thereof, unless
otherwise specifically stated or made clear from the scientific terminology, refer to a
range of anti-CXCR4 antibodies as well as to the specific C-9P21, B-1M22, C-1124,
D-1K21, and 9N10 antibodies.

The terms "antibody" and "immunoglobulin", as used herein, refer broadly to
any immunological binding agent or molecule that comprises a human antigen
binding domain, including polyclonal and monoclonal antibodies. Depending on the
type of constant domain in the heavy chains, whole antibodies are assigned to one of
five major classes: IgA, IgD, IgE, IgG, and IgM and the antibodies of the invention
may be in any one of these classes. Several of these are further divided into

subclasses or isotypeé, such as IgGl, 1gG2, 1gG3, IgG4, and the like. The heavy-
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chain constant domains that correspond to the difference classes of
immunoglobulins are termed o, 8, a,iy and p, respectively. The subunit structures
and three-dimensional configurations of different classes of immunoglobulins are
well known,

Generally, where whole antibodies rather than antigen binding regions are
used in the invention, IgG énd/or' IgM are preferred because they are the rndst
common antibodies in the physiological situation and because they are most easily
made in a laboratory setting. IgG1 antibodies are particularly preferred.

The "light chains" of mammalian antibodies are assigned to one of two
clearly distinct types: kappa (k) and lambda (A), based on the amino acid sequences
of their constant domains and some amino acids in the framework regions of their
variable domains. There is essentially no preference to the use of x or A light chain
constant regions in the antibodies of the present invention.

As will be understood by those in the art, the immunological binding
reagents encompassed by the term "antibody" extend to all antibodies and antigen
binding fragments thereof, including whole antibodies, dimeric, trimeric and
multimeric antibodies; bispecific antibodies; chimeric antibodies; recombinant and
engineered antibodies, and fragments thereof.

The term "antibody" is thus used to refer to any aﬁtibody-like molecule that
has an antigen binding region, and this term includes antibody fragments that
comprise an antigen binding domain such as Fab', Fab, F(ab'),, single domain
antibodies (DABs), TandAbs dimer, Fv, scFv (single chain Fv), dsFv, ds-scFv, Fd,
linear antibodies, minibodies, diabodies, bispecific antibody fragments, bibody,
tribody (scFv-Fab fusions, bispecific or trispecific, respectively); sc-diabody;
kappa(lamda) bodies (scFv-CL fusions); Bispecific T-cell Engager (BiTE) (scFv-
scFv tandems to attract T cells); dual variable domain (DVD)-Ig (bispecific format);
small immunoprotein (SIP) (kind of minibody); SMIP ("small modular
immunopharmaceutical" scFv-Fc dimer; DART (ds-stabilized diabody "Dual
Affinity ReTargeting"); small anﬁbody mimetics comprising one or more CDRs and
the like. ' |

The techniques for preparing and using various antibody-based constructs

and fragments are well known in the art (see Kabat et al., 1991, specifically
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incorporated herein by reference). Diabodies, in particular, are further described in
EP 404, 097 and WO 93/11161; whereas linear antibodies are further described in
Zapata et al. (1995).

Antibodies can be fragmented using conventional techniques. For example,
F(ab'), fragments can be generated by treating the antibody with pepsin. The
resulting F(ab'), fragment can be treated to reduce disulfide bridges to produce Féb'
fragments. Papain digestion can lead to the formation of Fab ffagments. Fab, Fab'
and F(ab"),, scFv, Fv, dsFv, Fd, dAbs, TandAbs, ds-scFv, dimers, minibodies,
diabodies, bispecific antibody fragments and other fragments can also be
synthesized by recombinant techniques or can be chemically synthesized.
Techniques for producing antibody fragments are well known and described in the
art. For example, each of Beckman et al., 2006; Holliger & Hudson, 2005; Le Gall
et al., 2004; Reff & Heard, 2001; Reiter ef al., 1996; and Young et al., 1995 further
describe and enable the production of effective antibody fragments.

The antibodies or antibody fragments can be produced naturally or can be
wholly or partially synthetically produced. Thus the antibody may be from any
appropriate source, for example recombinant sources and/or produced in transgenic
animals or transgenic plants, or in eggs using the IgY technology. Thus, the
antibody molecules can be produced in vitro or in vivo.

Preferably, the antibody or antibody fragment comprises an antibody light
chain variable region (V) that comprises three CDR domains and an antibody heavy
chain variable region (Vy) that comprises three CDR domains. Said VL and VH
generally form the antigen binding site.

An "Fv" fragment is the minimum antibody fragment that contains a
complete antigen-recognition and binding site. This region has a dimer of one heavy
chain and one light chain variable domain in tight, non-covalent association. It is in
this configuration that the three hypervariable regions (CDRs) of each variable
domain interact to define an antigen-binding site on the surface of the Vy-V dimer.
Collectively, the six hypervariable regions (CDRs) confer antigen-binding
specificity to the antibody.

However, it is well documented in the art that the presence of three CDRs

from the light chain variable domain and three CDRs from the heavy chain variable
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domain of an antibody is not necessary for antigen binding. Thus, constructs
smaller than the above classical antibody fragment are known to be effective.

For example, camelid antibodies (Hamers-Casterman et al., 1993; Arbabi
Ghahroudi et al., 1997) have an extensive antigen binding repertoire but are devoid
of light chains; Also, results with single domain antibodies comprising VH domains
alone (Ward et al., 1989; Davies and Riechmann, 1995) or VL domains alone (van
den Beucken ez al., 2001) show that these domains can bind to antigen with
acceptably high affinities. Thus, three CDRs can effectively bind antigen.

It is also known that a single CDR, or two CDRs, can effectively bind
antigen. As a first example, a single CDR can be inserted into a heterologous
protein and confer antigen binding ability on the heterologous protein, as
exemplified by showing that a VH CDR3 region inserted into a heterologous
protein, such as GFP, confers antigen binding ability on the heterologous protein
(Kiss et al., 2006; Nicaise et al., 2004).

It is further known that two CDRs can effectively bind antigen, and even
confer superior properties than possessed by the parent antibody. For example, it
has been shown (Qiu ef al., 2007) that two CDRs from a parent antibody (a VH
CDRI1 and a VL CDR3 region) retain the antigen recognition properties of the
parent molecule but have a superior capacity to penetrate tumours. Joining these
CDR domains with an appropriate linker sequence (e.g., from VH FR2) to orientate
the CDRs in a manner resembling the native parent antibody produced even better
antigen recognition. Therefore, it is known in the art that it is possible to construct
antigen binding antibody mimetics comprising two CDR domains (preferably one
from a VH domain and one from a VL domain, more preferably, with one of the two
CDR domains being a CDR3 domain) orientated by means of an appropriate
framework region to maintain the conformation found in the parent antibody.

Thus, although preferred antibodies of the invention might comprise six
CDR regions (three from a light chain and three from a heavy chain), antibodies
with fewer than six CDR regions and as few as one or two CDR regions are
encompassed by the invention. In addition, antibodies with CDRs from only the

heavy chain or light chain are also contemplated.
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Preferred antibodies of the invention that bind to CXCR4 comprise at least

one heavy chain variable region that comprises three CDRs and at least one light

chain variable region that comprises three CDRs, wherein said heavy chain variable

region comprises:

(a)

(b)

(©)

(d)

()

®

(®

(h)

G)

(k)

D

a variable heavy (VH) CDR1 that has the amino acid sequence of
SEQ ID NO: 1 or a sequence substantially homologous thereto,
a VH CDR2 that has the amino acid sequence of SEQ ID NO: 2 or a

. sequence substantially homologous thereto, and

a VH CDR3 that has the amino acid sequence of SEQ ID NO: 3 or a
sequence substantially homologous thereto; or

a variable heavy (VH) CDRI1 that has the amino acid sequence of
SEQ ID NO: 7 or a sequence substantially homologous thereto,

a VH CDR2 that has the amino acid sequence of SEQ ID NO: § or a
sequeﬁce substantially homologous thereto, and

a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9 or a
sequence substantially homologous thereto; or

a variable heavy (VH) CDRI1 that has the amino acid sequence of
SEQ ID'NO: 13 or a sequence substantially homologous thereto,

a VH CDR2 that has the amino acid sequence of SEQ ID NO: 14 or a
sequence substantially homologous thereto, and

a VH CDR3 that has the amino acid sequence of SEQ IDNO: 15 or a
sequence substantially homologous thereto; or

a variable heavy (VH) CDR1 that has the amino acid sequence of
SEQ ID NO: 19 or a sequence substantially homologous thereto,

a VH CDR2 that has the amino acid sequence of SEQ ID NO: 20 or a
sequence substantially homologous thereto, and _

a VH CDR3 that has the amino acid sequence of SEQ IDNO: 21 ora

sequence substantially homologous thereto; or

Preferred light chain CDR regions for use in conjunction with the specified

heavy chain CDR regions are described elsewhere herein. However, other light

chain variable regions that comprise three CDRs for use in conjunction with the

heavy chain variable regions of the invention are also contemplated. Appropriate
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light chain variable regions which can be used in combination with the heavy chain
variable regions of the invention and which give rise to an antibody which binds
CXCR4 can be readily identified by a person skilled in the art.

For example, a heéVy chain variable region of the invention can be combined
with a single light chain variable region or a repertoire of light chain variable
regions and the resulting antibodies tested for binding to CXCR4. It would be
expected that a reasonable number of such combinations of heavy chain variable
regions of the invention with different light chain variable regions would retain the
ability to bind CXCR4. Indeed the 9N10 antibody has the same heavy chain
variable region as C-9P21 but a different light chain variable region.

Similar methods could be used to identify alternative heavy chain variable
regions for use in combination with preferred light chain variable regions of the
invention.

In certain embodiments, the antibody or antibody fragment comprises all or a
portion of a heavy chain constant region, such as an IgG1, IgG2, 1gG3, 1gG4, 1gAl,
IgA2, IgE, IgM or IgD constant region. Preferably, the heavy chain constant region
is an IgG1 heavy chain constant region, or a portion thereof. Furtherfnore, the
antibody or antibody fragment can comprise all or a portion of a kappa light chain
constant region or a larﬁbda light chain constant region, or a portion thereof. All or
part of such constant regions may be produced naturally or may be wholly or
partially synthetic. Appropriate sequences for such constant regions are well known
and documented in the art. When a full complement of constant regions from the
heavy and light chains are included in the antibodies of the invention, such
antibodies are typically referred to herein as "fiy]] length" antibodies or "whole"
antibodies

Antibodies containing an Fc region are preferred for certain uses, particularly
therapeutic uses in vivo, where the Fc region mediates effector functions such as
ADCC. Appropriate Fc regions would be well known to a person skilled in the art
and can be selected accordingly.

The term "substantially homologous" as used herein in connection with an
amino acid or nucleic acid sequence includes sequences having at least 70% or 75%,

preferably at least 80%, and even more preferably at least 85%, 90%, 95%, 96%,
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97%, 98% or 99%, séquencé identity to the amino acid or nucleic acid sequence
disclosed. Substantially hoinologous sequences of the invention thus include single
or multiple base or amino acid akerations (additions, substitutions, insertions or
deletions) to the sequences of the invehtion. At the amino acid level preferred
substantially homologous sequences contain only up to 1, 2, 3, 4 or 5, preferably up
to 1, 2 or 3, more preferably up to 1 or 2, altered amino acids, in one or more of the
framework regions and/or one or more of the CDRs making up the sequences of the
invention. Said alterations can be with conservative or non-conservative amino
acids. Preferably said alterations are conservative amino acid substitutions.

The substantially homologous nucleic acid sequences also include nucleotide
sequences that hybridize to the nucleic acid sequences disclosed (or their
complementary sequences), e.g., hybridize to nucleotide sequences encoding one or
more of the light chain or heavy chain CDRs of the invention, the light or heavy
chain variable regiohs of the'.invention, or the antibodies of the invention (or
hybridize to their complefnéntary sequences), under at least moderately stringent
hybridization conditions. | ‘

The term "substantially homologous" also includes modifications or
chemical equivalents of the amino acid and nucleotide sequences of the present
invention that perform substantially the same function as the proteins or nucleic acid
molecules of the invention in substantially the same way. For example, any
substantially homologous antibody (or the substantially homologous nucleic acid
encoding it) should retain the ability to bind to CXCR4 as described above.
Preferably, any substantially homologous antibody should retain one or more of the
functional capabilities of the antibody, e.g. as defined elsewhere herein. Preferably,
any substantially homologous antibody should retain the ability to specifically bind
to the same epitope of CXCR4 as recognized by the antibody in question, for
example, the same epifope recognized by the CDR domains of the invention or the
VH and VL domains of the invention as described herein. Binding to the same
epitope/antigen can be readily tested by methods well known and described in the
art, e.g., using binding assays, e.g., a competition assay. Retention of other
functional properties can also readily be tested by methods well known and

described in the art. For the antibodies of the present invention it is particularly
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preferred that the antagonistic properties and/or the non-induction of apoptosis
property is retained. . | _

Thus, a person skilled in the art will appreciate that binding assays can be
used to test whether "su‘bstantially homologous" antibodies have the same binding
specificities as the antibodies and antibody fragments of the invention, for example,
binding assays such as flow cytometry, ELISA assays or BIAcore assays can readily
be used to establish whether such "substantially homologous" antibodies can bind to
CXCR4. Flow cytometry on cells is the most convenient assay for analysing
binding to a cell surface receptor such as CXCR4. As outlined above, a competition
binding assay can be used to test whether "substantially homologous" antibodies
retain the ability to specifically bind to substantially the same epitope of CXCR4 as
recognized by the antibodies of the invention. The method described above is only
one example of a suitable competition assay. The skilled person will be aware of
other suitable methods and variations.

Substantially homologous sequences of proteins of the invention include,
without limitation, conservative amino acid substitutions, or for example alterations
that do not effect the VH, VL or CDR domains of the antibodies, e.g., include scFv
antibodies where a different linker sequence is used or antibodies where tag
sequences or other components are added that do not contribute to the binding of
antigen, or alterations to convert one type or format of antibody molecule or
fragment to another type or format of antibody molecule or fragment (e.g.,
conversion from Fab to scFv or vice versa), or the conversion of an antibody
molecule to a particular class or subclass of antibody molecule (e.g., the conversion
of an antibody molecule to IgG or a subclass thereof, e.g., 1gG1 or IgG3).

A "conservative amino acid substitution", as used herein, is one in which the
amino acid residue is replaced with another amino acid residue having a similar side
chain. Families of amino acid residues having similar side chains have been defined
in the art, including basic side chains (e.g., lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains
(e.g., glycine, cysteine, alanine, valine, leucine, isoleucine, proline, phenylalanine,

methionine, tryptophan), beta-branched side chains (e.g., threonine, valine,
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isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,
histidine).

Homology may be assessed by any convenient method. However, for
determining the degree of homology between sequences, computer programs that
make multiple alignments b'f sequences are useful, for instance Clustal W
(Thompson et al., 1994). If desired, the Clustal W algorithm can be used together
with BLOSUM 62 scoring matrix (Henikoff and Henikoff, 1992) and a gap opening
penalty of 10 and gap extension penalty of 0.1, so that the highest order match is
obtained between two sequences wherein at least 50% of the total length of one of
the sequences is involved in the alignment. Other methods that may be used to align
sequences are the alignment method of Needleman and Wunsch (1970), as revised
by Smith and Waterman (1981) so that the highest order match is obtained between
the two sequences and the number of identical amino acids is determined between
the two sequences. Other methods to calculate the percentage identity between two
amino acid sequences are generally art recognized and include, for example, those
described by Carillo and Lipton (1988) and those described in Computational
Molecular Biology, Lesk, e.d. Oxford University Press, New York, 1988,
Biocomputing: Informatics:and Genomics Projects.

Generally, computer programs will be employed for such calculations.
Programs that compare and align-pairs of sequences, like ALIGN (Myers and Miller,
1988), FASTA (Pearson and Lipman, 1988; Pearson, 1990) and gapped BLAST
(Altschul et al., 1997), BLASTP, BLASTN, or GCG (Devereux et al., 1984) are also
useful for this purpose. Furthermore, the Dali server at the European Bioinformatics
institute offers structure-based alignments of protein sequences (Holm, 1993; 1995;
1998).

By way of providing a reference point, sequences according to the present
invention having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
homology, sequence identity etc. may be determined using the ALIGN program
with default parameters (for instance available on Internet at the GENESTREAM
network server, IGH, Montpellier, France).

By "at least moder‘été]y stringent hybridization conditions" it is meant that

conditions are selected that'promote selective hybridization between two
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complementary nucleic acid molecules in solution. Hybridization may occur to all
or a portion of a nucleic acid sequence molecule. The hybridizing portion is
typically at least 15 (e.g., 20, 25, 30, 40 or 50) nucleotides in length. Those skilled
in the art will recognize that the stability of a nucleic acid duplex, or hybrids, is
determined by the Tm, which in sodium containing buffers is a function of the

sodium ion concentration and temperature (Tm = 81.5°C — 16.6 (Log10 [Na+]) +

- 0.41(%(G+C) — 600/1), or similar equation). Accordingly, the parameters in the

wash conditions that determine hybrid stability are sodium ion concentration and
temperature. In order to identify molecules that are similar, but not identical, to a
known nucleic acid molecule, a 1% mismatch may be assumed to result in about a
1°C decrease in Tm. For example, if nucleic acid molecules are sought that have a
>95% identity, the final wash temperature will be reduced by about 5°C. Based on
these considerations those skilled in the art will be able to readily select appropriate
hybridization conditions. In preferred embodiments, stringent hybridization
conditions are selected. By way of example the following conditions may be
employed to achieve stringent hybridization: hybridization at 5x sodium
chloride/sodium citrate (SSC)/5x Denhardt’s solution/1.0% SDS at Tm - 5°C based
on the above equation, followed by a wash of 0.2x SSC/0.1% SDS at 60°C.
Moderately stringent hybridization conditions include a washing step in 3x SSC at
42°C. By way of further example, sequences that "hybridize" are those sequences

binding (hybridizing) under non-stringent conditions (e.g., 6 x SSC, 50% formamide

* at room temperature) and washed under conditions of low stringency (e.g., 2 x SSC,

room temperature, more preferably 2 x SSC, 42°C) or conditions of higher
stringency (e.g., 2 x SSC, 65°C) (where S'SC = (0.15M NaCl, 0.015M sodium citrate,
pH 7.2).

Itis understood, however, that equivalent stringencies may be achieved using
alternative buffers, salts and temperatures. Additional guidance regarding
hybridization conditions may be found in: Current Protocols in Molecular Biology,
John Wiley & Sons, N.Y., 1989, 6.3.1-6.3.6 and in: Sambrook et al., Molecular
Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory Press, 1989, Vol.3.



10

15

20

25

30

WO 2011/098762 ‘ PCT/GB2011/000175
-64 -

Generally speaking, sequences that hybridize under conditions of high
stringency are preferred, as are sequences which, but for the degeneracy of the code,
would hybridize under high stringency conditions.

In other preferred embodiments, second generation antibodies are provided
that have enhanced or superior properties in compaﬁson to an original anti-CXCR4
antibody, such as C-9P21, B-1M22, C-1124, D-1K21 or 9N10. For example, the
second generation antibodies may have a stronger binding affinity for CXCR4, a
superior cross reactivity profile, induce even lower levels of apoptosis of CXCR4+
cells, superior ability to target CXCR4+ cells, particularly tumour cells, e.g. an
improved ability to inhibit growth of tumor cells, an improved antagonistic ability,
e.g. an improved ability to block Ca-influx induced by binding of SDF-1 to CXCR4,
an improved inhibition of ligand induced migration, or an improved ability to induce
ADCC or CDC, depending on the application, or an improved treatment of the
disorders discussed elsewhere herein.

Comparisons to identify effective second generation antibodies are readily
conducted and quantified, e.g., using one or more of the various assays described in
detail herein or in the art. Second generation antibodies that have an enhanced
biological property or activity of at least about 2-fold, 5-fold, 10-fold, 20-fold, and
preferably, at least about 50-fold, in comparison to the anti-CXCR4 antibodies of the
present invention, as exemplified by the C-9P21, B-1M22, C-1124, D-1K21, or
9N10 antibodies, are encompassed by the present invention. Particularly preferred
second generation antibodies comprise VH chains of the antibodies of the present
invention, or the VH CDRs thereof, combined with alternative VL chains (or
alternative VL CDRs).

The antibody, binding protein and nucleic acid molecules of the invention
are generally "isolated" or "purified" molecules insofar as they are distinguished
from any such components that may be present in sizu within a human or animal
body or a tissue sample derived from a human or animal body. The sequences may,
however, correspond to or be substantially homologous to sequences as found in a
human or animal body. Thus, the term "isolated" or "purified" as used herein in
reference to nucleic acid molecules or sequences and proteins or polypeptides, e.g.,

antibodies, refers to such molecules when isolated from, purified from, or
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substantially free of their natural environment, e.g., isolated from or purified from
the human or animal body (if indeed they occur naturally), or refers to such
molecules when produced by a technical process, i.e., includes recombinant and
synthetically produced molecules.

Thus, when used in connection with a nucleic acid molecule, such terms may
refer to a nucleic acid substantially free of material with which it is naturally
associated such as other nucleic acids/genes or polypeptides. These terms may also
refer to a nucleic acid substantially free of cellular material or culture medium when
produced by recombinant DNA techniques, or substantially free of chemical
precursors, or other chemicals when chemically synthesized. An isolated or purified
nucleic acid may also be substantially free of sequences that naturally flank the
nucleic acid (i.e., sequences located at the 5' and 3' ends of the nucleic acid) from
which the nucleic acid is derived or sequences that have been made to flank the
nucleic acid (e.g., tag sequences or other sequence that have no therapeutic value)
by, for example, genetic engineering.

Thus, when used in connection with a protein or polypeptide molecule such
as light chain CDRs 1, 2 and 3, heavy chain CDRs 1, 2 and 3, light chain variable
regions, heavy chain variable regions, and Binding proteins or antibodies of the
invention, including full length antibodies, the term "isolated" or "purified" typically
refers to a protein substantially free of cellular material or other proteins from the
source from which it is derived. In some embodiments, particularly where the
protein is to be administered to humans or animals, such isolated or purified proteins
are substantially free of culture medium when produced by recombinant techniques,
or chemical precursors or other chemicals when chemically synthesized. Such
isolated or purified proteins may also be free of flanking sequences such as those
described above for the isolated nucleic acid molecules.

The term ';nuc]e’ic acid sequence” or "nucleic acid molecule" as used herein
refers to a sequence of nucleoside or nucleotide monomers composed of naturally
occurring bases, sugars and intersugar (backbone) linkages. The term also includes
modified or substituted sequences comprising non-naturally occurring monomers or
portions thereof. The nucleic acid sequences of the present invention may be

deoxyribonucleic acid sequences (DNA) or ribonucleic acid sequences (RNA) and
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may include naturally occurring bases including adenine, guanine, cytosine,
thymidine and uracil. The sequences may also contain modified bases. Examples of
such modified bases include aza and deaza adenine, guanine, cytosine, thymidine
and uracil; and x;mthine an<'i hypoxanthine. The nucleic acid molecules may be
double stranded or single sfranded. The nucleic acid molecules may be wholly or
partially synthetic or recombinant.

In preferred embodiments the antibodies of the invention are human
antibodies, more preferably fully human antibodies. In this regard, human
antibodies generally have at least three potential advantages for use in human
therapy. First, the human immune system should not recognize the antibody as
foreign. Second, the half-life in the human circulation will be similar to naturally
occurring human antibodies, allowing smaller and less frequent doses to be given.
Third, because the effector portion is human, in embodiments where the mode of
action involves killing of the target cells, it will interact better with the other parts of
the human immune system, e.g., to destroy target cells more efficiently by
complement-dependent cytotoxicity (CDC) or anfibody-dependent cellular
cytotoxicity (ADCC). o

However, although human antibodies are generally recognized to display
these advantages, it is known that the development of human antibodies that have
high enough affinities and appropriate functional properties to make them candidates
for successful human therapy is by no means straightforward. The art therefore still
lacks anti-CXCR4 for the safe and effective treatment of humans, and poses
challenges to the development of such agents.

The term "human" as used herein in connection with antibody molecules and
binding proteins first refers to antibodies and binding proteins having variable
regions (e.g., Vi, Vi, CDR or FR regions) and, optionally, constant antibody
regions, isolated or derived from a human repertoire or derived from or |
corresponding to sequences found in humans or a human repertoire, e.g., in the
human germline or so/matic, cells. The C-9P21, B-1M22, C-1124, D-1K21, and
9N10 antibodies of the invention are.examples of such human antibody molecules

wherein the variable regions have been isolated from a human repertoire.
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The "human" antibodies and binding proteins of the invention further include

amino acid residues not encoded by human sequences, e.g., mutations introduced by
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random or site directed mutations in vitro, for example mutations introduced by in
vitro cloning or PCR. Particular examples of such mutations are mutations that
involve conservative substitutions or other mutations in a small number of residues
of the antibody or binding protein, e.g., in up to 5, 4, 3, 2 or 1 of the residues of the
antibody or binding protein, preferably e.g., in upto 5, 4, 3, 2 or 1 of the residues
making up one or more of the CDRs of the antibody or binding protein. Certain
examples of such "human" antibodies include antibodies and variable regions that
have been subjected to standard modification techniques to reduce the amount of
potentially immunogenic sites.

Thus, the "human" antibodies of the invention include sequences derived
from and related to sequences found in humans, but which may not naturally exist
within the human antibody germline repertoire in vivo. In addition, the human
antibodies and binding proteins of the present invention include proteins comprising
human consensus sequences identified from human sequences, or sequences
substantially homologous to human sequences.

In addition, the human antibodies and binding proteins of the present
invention are not limited to combinations of Vi, Vi, CDR or FR regions that are
themselves found in combination in-human antibody molecules. Thus, the human
antibodies and binding proteins of the invention can include or correspond to
combinations of such regions that do not necessarily exist naturally in humans.

In preferred embodiments, the human antibodies will be fully human
antibodies. "Fully human" antibodies, as used herein, are antibodies comprising
"human" variable region domains and/or CDRs, as defined above, without
substantial non-human antibody sequences or without any non-human antibody
sequences. For example, antibodies comprising human variable region domains
and/or CDRs "without substantial non-human antibody sequences" are antibodies,
domains and/or CDRs in which only up to 5, 4, 3, 2 or 1 amino acids are amino
acids that are not encoded by human antibody sequences. Thus, "fully human"
antibodies are distinguished from "humanized" antibodies, which are based on

substantially non-human variable region domains, e.g., mouse variable region
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domains, in which certain amino acids have been changed to better correspond with
the amino acids typically present in human antibodies. _

The "fully human" antibodies of the invention may be human variable region
domains and/or CDRs without any other substantial antibody sequences, such as
being single chain antibodies. Alternatively, the "fully human" antibodies of the
invention may be human variable region domains and/or CDRs integral with or
operatively attached to one or more human antibody constant regions. Certain
preferred fully human antibodies are IgG antibodies with the full complement of IgG
constant regions.

In other embodiments, "human" antibodies of the invention will be part-
human chimeric antibodies. "Part-human chimeric" antibodies, as used herein, are
antibodies comprising "human" variable region domains and/or CDRs operatively
attached to, or grafted onto, a constant region of a non-human species, such as rat or
mouse. Such part-human chimeric antibodies may be used, for example, in pre-
clinical studies, wherein the constant region will preferably be of the same species of
animal used in the pre-clinical testing. These part-human chimeric antibodies may
also be used, for example, in ex vivo diagnostics, wherein the constant region of the
non-human species may provide additional options for antibody detection.

The term "fragment" as used herein refers to fragments of biological
relevance, e.g., fragments that contribute to antigen binding, e.g., form part of the
antigen binding site, and/or contribute to the inhibition or reduction in function of
the CXCR4 antigen. Certain preferred fragments comprise a heavy chain variable
region (Vy domain) and/or.a light chain variable region (Vi domain) of the
antibodies of the invention. Other preferred fragments comprise one or more of the
heavy chain CDRs of the antibodies of the invention (or of the Vy domains of the
invention), or one or more of the light chain CDRs of the antibodies of the invention
(or of the V|, domains of the invention). Certain preferred fragments are at least 5
amino acids in length and comprise at least one CDR region, preferably a CDR3
region, more preferably a heavy chain CDR3 region.

In embodiments where the antibodies of the invention comprise a fragment
of any of the defined sequences (for example comprise a fragment of SEQ ID
NO:35, 46, 57, 68 or 101), e.g., are antibodies comprising Vy and/or V|, domains of
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the invention, or are antiboAdies.or binding proteins comprising one or more CDRs of
the invention, then these regions/domains are generally separated within the
antibody or binding protein so that each region/domain can perform its biological
function and so that the contribution to antigen binding is retained. Thus, the Vy
and V| domains are preferably separated by appropriate scaffold sequences/linker
sequences and the CDRs are preferably separated by appropriate framework regions
such as those found in néturally occurring antibodies and/or effective engineered
antibodies. Thus, the Vy, V. and individual CDR sequences of the invention are
preferably provided within or incorporated into an appropriate framework or
scaffold to enable antigen binding. Such framework sequences or regions may
correspond to naturally occurring framework regions, FR1, FR2, FR3 and/or FR4, as
appropriate to form an appropriate scaffold, or may correspond to consensus
framework regions, for example identified by comparing various naturally occurring
framework regions. Altémétively, non-antibody scaffolds or frameworks, e.g., T
cell receptor frameworks can be used. .

Appropriate sequences that can be used for framework regions are well
known and documented in the art and any of these may be used. Preferred
sequences for framework regions are one or more (i.e. one, two, three or four) of the
framework regions making up the Vy and/or Vi domains of the invention, i.e., one
or more of the framework regions disclosed in Tables 1, 2, 3, 4 or 5, or framework
regions substantially homologous thereto, and in particular framework regions that
allow the maintenance of antigen specificity, for example framework regions that
result in substantially the same or the same 3D structure of the antibody.

In certain preferred embodiments, all four of the varnable light chain (SEQ
ID NOs:30, 31, 32 and 33) and/or variable heavy chain (SEQ ID NOs: 25, 26, 27
and 28), as appropriate, FR regions of SEQ ID NO: 35 (also shown in Table 1), or
FR regions substantially homologous thereto, are found in the antibodies of the
invention. |

In certain preferred embodiments, all four of the variable light chain (SEQ
ID NOs:41, 42, 43 and 44) and/or variable heavy chain (SEQ ID NOs: 36, 37, 38
and 39), as appropriate, FR regions of SEQ ID NO: 46 (also shown in Table 2), or
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FR regions substantially homologous thereto, are found in the antibodies of the
invention.

In certain preferred embodiments, all four of the variable light chain (SEQ
ID NOs:52, 53, 54 and S5) and/or variable heavy chain (SEQ ID NOs: 47, 48, 49
and 50), as appropn'até, FR regions of SEQ ID NO: 57 (also shown in Table 3), or
FR regions substantially homologous thereto, are found in the antibodies of the
invention.

In certain preferred embodiments, all four of the variable light chain (SEQ
ID NOs: 63, 64, 65 and 66) and/or variable heavy chain (SEQ ID NOs: 58, 59, 60
and 61), as appropriate, FR regions of SEQ ID NO: 68 (also shown in Table 4), or
FR regions substantially homologous thereto, are found in the antibodies of the
invention.

In certain preferred embodiments, all four of the variable light chain (SEQ
ID NOs: 96, 97, 98 and 33) and/or variable heavy chain (SEQ ID NOs: 25, 26, 27
and 28), as appropriate, FR regions of SEQ ID NO: 101 (also shown in Table 5), or
FR regions substantially homologous thereto, are found in the antibodies of the
invention. | |

In addition, although preferred antibodies of the invention are made up of
Vy, VL or CDRs of the invention, it should be noted that the antibodies of the
invention also encompass one or more Vy, Vi or CDRs of the invention in
combination with other Vi, Vi or CDRs not of the invention, provided that the
CXCR4 binding properties or anti-CXCR4 properties of the antibodies of the
invention as outlined herein are still present.

The term "heavy chain complementarity determining region" ("heavy chain
CDR") as used herein refers to regions of hypervariability within the heavy chain
variable region (Vy domain) of an antibody molecule. The heavy chain variable
region has three CDRs termed heavy chain CDR1, heavy chain CDR2 and heavy
chain CDR3 from the amino terminus to carboxy terminus. The heavy chain
variable region also has four framework regions (FR1, FR2, FR3 and FR4 from the
amino terminus to carboxy terminus). These framework regions separate the CDRs.

The term "heavy chain variable region" (Vi domain) as used herein refers to

the variable region of a heavy chain of an antibody molecule.
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The term "light chain complementarity determining region" ("light chain
CDR") as used herein refers to regions of hypervariability within the light chain
variable region (Vi domain) of an antibody molecule. Light chain variable regions
have three CDRs termed light chain CDR1, light chain CDR2 and light chain CDR3
from the amino terminus to the carboxy terminus. The light chain variable region
also has four framewqu regions (FR1, FR2, FR3 and FR4 from the amino terminus
to carboxy terminus)., These framework regions separate the CDRs.

The term "light chain variable region" (VL domain) as used herein refers to
the variable region of a light chain of an antibody molecule.

It should be noted that the Kabat nomenclature is followed herein, where
necessary, in order to define the positioning of the CDRs (Kabat ef al., 1991,
specifically incorporated herein by reference).

A person skilled in the art will appreciate that the proteins and polypeptides
of the invention, such as the light and heavy CDRs, the light and heavy chain
variable regions, antibodies, antibody fragments, and immunoconjugates, may be
prepared in any of several ways well known and described in the art, but are most
preferably prepared using recombinant methods.

Nucleic acid fragments encoding the light and heavy chain variable regions

of the antibodies of the invention can be derived or produced by any appropriate

method, e.g., by cloning or-synthesis. Such sequences could, for example, be
prepared by cloning appropriate sequences from e.g., human germ line genes and
then making any necessary modifications to the germ line sequences to obtain the
sequences of the invention using methods well known and described in the art. An
alternative and more efficient method would be to synthesize the appropriate light or
heavy ch.ain variable region sequence as overlapping primers, and use primer
extension to obtain the full sequence. This full sequence could then be amplified via
PCR with primers containing appropriate restriction sites for further cloning and
manipulation, e.g., for cloning into an appropriate expression vector. Five to seven
overlapping primers per variable region are normally be sufficient, thereby making
this technique very efficient and precise.

Once nucleic acid fragments encoding the light and heavy chain variable

regions of the antibodies of the invention have been obtained, these fragments can
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be further manipulated by standard recombinant DNA techniques, for example to

~ convert the variable region fragments into full length antibody molecules with

appropriate constant region domains, or into particular formats of antibody fragment
discussed elsewhere herein, e.g., Fab fragments, scFv fragments, etc. Typically, or
as part of this further manipulation procedure, the nucleic acid fragments encoding
the antibody molecules of the invention are generally incorporated into an
appropriate expression vector in order to facilitate production of the antibodies of
the invention.

Possible expression vectors include but are not limited to cosmids, plasmids,
or modified viruses (e.g., replication defective retroviruses, adenoviruses and adeno-
associated viruses), so long as the vector is compatible with the host cell used. The
expression vectors are "suitéble for transformation of a host cell", which means that
the expression vectors contain a nucleic acid molecule of the invention and
regulatory sequences selected on the basis of the host cells to be used for expression,
which are operatively linked to the nucleic acid molecule. Operatively linked is
intended to mean that the nucleic acid is linked to regulatory sequences in a manner
that allows expression of the nucleic acid.

The invention therefore contemplates a recombinant expression vector
containing a nucleic acid molecule of the invention, or a fragment thereof, and the
necessary regulatory sequences for the transcription and translation of the protein
sequence encoded by the nucleic acid molecule of the invention.

Suitable regulatory sequences may be derived from a variety of sources,
including bacterial, fungal, viral, mammalian, or insect genes (for example, see the
regulatory sequences described in Goeddel, 1990). Selection of appropriate
regulatory sequences is dependent on the host cell chosen as discussed below, and
may be readily accomplished by one of ordinary skill in the art. Examples of such
regulatory sequences include: a transcriptional promoter and enhancer or RNA
polymerase binding sequence, a ribosomal binding sequence, including a translation
initiation signal. Additionally, depending on the host cell chosen and the vector
employed, other sequences, such as an origin of replication, additional DNA
restriction sites, enhancers, and sequences conferring inducibility of transcription

may be incorporated into the expression vector.
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The recombinant expression vectors of the invention may also contain a
selectable marker gene that facilitates the selection of host cells transformed or
transfected with a recombinant molecule of the invention. Examples of selectable
marker genes are genes encoding a protein such as neomycin and hygromyecin that
confer resistance to certain drugs, B-galactosidase, chloramphenicol
acetyltransferase, firefly luciferase, or an immunoglobulin or portion thereof such as
the Fc portion of an immunoglobulin preferably IgG. Transcription of the selectable
marker gene is monitored by changes in the concentration of the selectable marker
protein such as -galactosidase, chloramphenicol acetyltransferase, or firefly
luciferase. If the selectable marker gene encodes a protein conferring antibiotic
resistance such as vneomycin resistance transformant cells can be selected with G418.
Cells that have incorporated the selectable marker gene will survive, while the other
cells die. This makes it possiblé to visualize and assay for expression of
recombinant expression vectors of the invention and in particular to determine the
effect of a mutation on expression and phenotype. It will be appreciated that
selectable markers can be introduced on a separate vector from the nucleic acid of
interest.

The recombinant expression vectors may also contain genes that encode a
fusion moiety that provides increased expression of the recombinant protein;
increased solubility of the recombinant protein; and aid in the purification of the
target recombinant protein by acting as a ligand in affinity purification (for example
appropriate "tags" to enable purification and/or identification may be present, e.g.,
His tags or myc tags). For example, a proteolytic cleavage site may be added to the
target recombinant protein to allow separation of the recombinant protein from the
fusion moiety subsequent to purification of the fusion protein. Typical fusion
expression vectors include pGEX (Amrad Corp., Melbourne, Australia), pMal (New
England Biolabs, Beverly, MA) and pRITS (Pharmacia, Piscataway, NJ) which fuse
glutathione S-transferase (GST), maltose E binding protein, or protein A,
respectively, to the recombinant protein.

Recombinant expression vectors can be introduced into host cells to produce
a transformed host cell. The terms "transformed with", "transfected with",

"transformation"” and "transfection" are intended to encompass introduction of
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nucleic acid (e.g., a vector) into a cell by one of many possible techniques known in
the art. The term "transformed host cell" as used herein is intended to also include
cells capable of glycosylation that have been transformed with a recombinant
expression vector of the invention. Prokaryotic cells can be transformed with
nucleic acid by, for example, electroporation or calcium-chloride mediated
transformation. For evxampvle, nucleic acid can be introduced into mammalian cells
via conventional techniques such. as calcium phosphate or calcium chloride co-
precipitation, DEAE-dextran mediated transfection, lipofection, electroporation or
microinjection. Suitable methods for transforming and transfecting host cells can be
found in Sambrook et al., 1989, and other laboratory textbooks.

Suitable host cells include a wide variety of eukaryotic host cells and
prokaryotic cells. For example, the proteins of the invention may be expressed in
yeaét cells or mammalian cells. Other suitable host cells can be found in Goeddel,
1990. In addition, the proteins of the invention may be expressed in prokaryotic
cells, such as Escherichia coli (Zhang et al., 2004).

Yeast and fungi host cells suitable for carrying out the present invention
include, but are not limited to Saccharomyces cerevisiae, the genera Pichia or
Kluyveromyces and various species of the genus Aspergillus. Examples of vectors
for expression in yeast S. cerevisiae include pYepSecl (Baldari. et al., 1987), pMFa
(Kurjan and Herskowitz, 1982), pJRY88 (Schultz et al., 1987), and pYES2
(Invitrogen Corporation, San Diego, CA). Protocols for the transformation of yeast
and fungi are well known to those of ordinary skill in the art (see Hinnen et al.,
1978; Ito et al., 1983, and Cullen et al. 1987).

Mammalian cells suitable for carrying out the present invention include,
among others: COS (e.g., ATCC No. CRL 1650 or 1651), BHK (e.g., ATCC No.
CRL 6281), CHO (ATCC No. CCL 61), HeLa (e.g., ATCC No. CCL 2), 293
(ATCC No. 1573), NS-1 cells, NSO (4TCC CRL-11177), and Per.C6® (Crucell,

-Leiden, Netherlands). Suitable expression vectors for directing expression in

mammalian cells generally include a promoter (e.g., derived from viral material such
as polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40), as well as other

transcriptional and translational control sequences. Examples of mammalian
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expression vectors include pCDMS8 (Seed, B., 1987) and pMT2PC (Kaufman et al.,
1987).

Given the teachings provided herein, promoters, terminators, and methods
for introducing expression vectors of an appropriate type into plant, avian, and insect
cells may also be readily accomplished. For example, within o‘ne embodiment, the
proteins of the invention may be expressed from plant cells (see Sinkar et al., 1987,
which reviews the use of Agrobacterium rhizogenes vectors; see also Zambryski et
al., 1984, which describes the use of expression vectors for plant cells, including,
among others, PAPS2022, PARSZOZB, and PAPS2034).

Insect cells suitable for carrying out the present invention include cells and
cell lines from Bombyx, Trichoplusi.a or Spodotera species. Baculovirus vectors
available for expression of proteins in cultured insect cells (SF 9 cells) include the
pAc series (Smith et al., 1983) and the pVL series (Luckow and Summers 1989).
Some baculovirus-insect cell expression systems suitable for expression of the
recombinant proteins of the invention are described in PCT/US/02442.

Alternatively, the proteins of the invention may also be expressed in non-
human transgenic animals such as, rats, rabbits, sheep and pigs (Hammer et al.
1985; Palmiter et al. 1983; Brinster et al. 1985; Palmiter and Brinster 1985, and U.S.
Patent No. 4,736,866).

The proteins of the invention may also be prepared by chemical synthesis
using techniques well known in the chemistry of proteins such as solid phase
synthesis (Merrifield (1964); Frisché et al., 1996) or synthesis in homogenous
solution (Houbenweyl, 1987).

N-terminal or C-terminal fusion proteins comprising the antibodies and
proteins of the invention conjugated to other molecules, such as proteins, may be
prepared by fusing through recombinant techniques. The resultant fusion proteins
contain an antibody or protein of the invention fused to the selected protein or
marker protein, or tag protein as described herein. The antibodies and proteins of
the invention may also be conjugated to other proteins by known techniques. For
example, the proteins may be coupled using heterobifunctional thiol-containing
linkers as described in WO 90/10457, N-succinimidyl-3-(2-pyridyldithio-

proprionate) or N-succinimidyl-5 thioacetate. Examples of proteins that may be
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used to prepare fusion proteins or conjugates include cell binding proteins such as
immunoglobulins, hormones, growth factors, lectins, insulin, low density
lipoprotein, glucagon, endorphins, transferrin, bombesin, asialoglycoprotein
glutathione-S-transferase (GST), hemagglutinin (HA), and truncated myc.

Irrespective of the manner of preparation of a first anti-CXCR4 antibody
nucleic acid segment, further suitable antibody nucleic acid segments may be readily
prepared by standard molecular biological techniques. In order to confirm that any
variant, mutant or second generation anti-CXCR4 antibody nucleic acid segment is
suitable for use in the present invention, the nucleic acid segment will be tested to
confirm expression of an anti-CXCR4 antibody in accordance with the present
invention. Preferably, the ?ariant, mutant or second generation nucleic acid segment
will also be tested to confirm hybridization under standard, more preferably,
standard stringent hybridization conditions. Exemplary suitable hybridization
conditions include hybridization in about 7% sodium dodecyl sulfate (SDS), about
0.5 M NaPQy, about ] mM EDTA at about 50°C; and washing with about 1% SDS
at about 42°C.

As a variety of antibodies may be readily prepared, the treatment methods of
the invention may be executed by providing to the animal or patient at least a first
nucleic acid segment or molecule that expresses a biologically effective amount of at
least a first anti-CXCR4 antibody of the invention in the patient. The "nucleic acid
segment or molecule that expresses an anti-CXCR4 antibody" will generally be in
the form of at least an expression construct or vector, and may be in the form of an
expression construct or vector comprised within a virus or within a recombinant host
cell. Preferred gene therapy vectors of the present invention will generally be viral
vectors, such as comprised within a recombinant retrovirus, herpes simplex virus
(HSV), adenovirus, adeno-associated virus (AAV), cytomegalovirus (CMV), and the
like.

A yet further aspect provides an expression construct or expression vector
comprising one or more of the nucleic acid segments or molecules of the invention.
Preferably the expression constructs or vectors are recombinant. Preferably said

constructs or vectors further comprise the necessary regulatory sequences for the
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transcription and tran's,lation'of the protein sequence encoded by the nucleic acid
molecule of the inveﬁtion. .'

A yet further aspect prox;ides a host cell or virus comprising one or more
expression constructs or expression vectors of the invention. Also provided are host
cells or viruses comprising one or more of the nucleic acid molecules of the
invention. A host cell or virus expressing an antibody of the invention forms a yet
further aspect. '

A yet further aspect of the invention provides a method of producing an
antibody of the present invention comprising a step of culturing the host cells of the
invention. Preferred methods comprise the steps of (i) culturing a host cell
comprising one or more of the recombinant expression vectors or one or more of the
nucleic acid sequences of the invention under conditions suitable for the expression
of the encoded antibody or protein; and optionally (i) isolating or obtaining the
antibody or protein from the host cell or from the growth medium/supematant. Such
methods of production may' also comprise a step of purification of the antibody or
protein product and/or formulating the antibody or product into a composition
including at least one additional component, such as a pharmaceutically acceptable
carrier or excipient.

In embodiments when the antibody or protein of the invention is made up of
more than .one polypeptide chain (e.g., certain fragments such as Fab fragments),
then all the polypeptides are preferably expressed in the host cell, either from the
same or a different expression vector, so that the complete proteins, e.g., binding
proteins of the invention, can assemble in the host cell and be isolated or purified
therefrom.

The antibodies of the invention may also be used to produce further
antibodies that bind to CXCR4. Such uses involve for example the addition,
deletion, substitution br insertion of one or more amino acids in the amino acid
sequence of a parent antiboay to form a new antibody, wherein said parent antibody
is one of the antibodies of the in&ention as defined elsewhere herein, and testing the
resulting new a.mtibody to identify antibodies that bind to CXCR4 and have one or
more of the other preferred functional properties described herein. Such methods

can be used to form multiple new antibodies that can all be tested for their ability to
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bind CXCR4 and other functional properties. Preferably said addition, deletion,
substitution or insertion of one or more amino acids takes place in one or more of
the CDR domains.

Such modification or mutation to a parent antibody can be carried out in any
appropriate manner using techn@ques well known and documented in the art, for
example by carrying out methods of random or directed mutagenesis. If directed
mutagenesis is to be used then one strategy to identify appropriate residues for
mutagenesis utilizes the resolution of the crystal structure of the binding protein-
antigen complex, e.g., the Ab-Ag complex, to identify the key residues involved in
the antigen binding (Davies and Cohen, 1996). Subsequently, those residues can be
mutated to enhance the interaction. Alternatively, one or more amino acid residues
can simply be targeted‘for directed mutagenesis and the effect on binding to CXCR4
assessed.

Random mutagenesis can be carried out in any appropriate way, e.g., by
error-prone PCR, chain shuffling or mutator E. coli strains.

Thus, one or more of the Vy domains of the invention can be combined with
a single Vi domain or a repertoire of V|, domains from any appropriate source and
the resulting new antibodies tested to identify antibodies specific for CXCR4. This
is preferred. Conversely, one or more of the Vi domains of the invention can be
combined with a single Vy domain or repertoire of Vi domains from any
appropriate source and the resulting new antibodies tested to identify antibodies that
bind to CXCRA4.

Similarly, one or more, or preferably all three CDRs of the Vy and/or Vi
domains of the invention can be grafted into a single Vy and/or V| domain or a
fepertoire of Vy and/or V domains, as appropriate, and the resulting new antibodies
tested to identify antibodies that bind to CXCR4.

The targeted mutations of the CDRs, especially CDR3 of the light and/or
heavy chains, have been shown to be an effective technique for increasing antibody
affinity and are preferred. Preferably, blocks of 3 to 4 amino acids of the CDR3 or
specific regions called "hot:spots" are targeted for mutagenesis.

"Hot spots" are the sequences where somatic hypermutation takes place in

vivo (and below Neuberger and Milstein, 1995). The hotspot sequences can be
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defined as consensus nucleotide sequences in certain codons. The consensus
sequence is the tetranucleotide, RGYW, in which R can be either A or G, Y can be
Cor T and W can be either A or T (Neuberger and Milstein, 1995). In addition, the
serine residues encoded by the nucleotides AGY are predominantly present in the
CDRs regions of the variable domain over those encoded by TCN corresponding to
a potential hot-spot sequences (Wagner ez al., 1995).

Thus, the nucleotide sequence of the CDRs of the heavy and light chains of
each almtibod'y of the invention can be scanned for the presence of the hot-spot
sequences and AGY c‘od'oﬁS. The identified hot-spots of the CDR regions of the -
light and heavy chain can then bptionally be compared to the germinal sequences of
the heavy and light chains using the'Inte.rnational ImMunoGen Tics database
(IMGT, http://imgt.cines.fr/textes/vquest/) (Davies ef al., 1990). A sequence,
identical tb the germ line, suggest that somatic mutation has not occurred; therefore
random mutations can be introduced mimicking the somatic events occurring in vivo
or altermatively, site directed mutagenesis can be carried out, e.g., at the hot spots
and/or AGY codons. In contrast, a different sequence shows that some somatic
mutations have already occurred. It will remain to be determined if the in vivo
somatic mutation was optimal.

Preferred hot-spots for mutation are those that code for exposed amino acids
and preferably those that encode amino acids that form part of the antigen binding
sites. Other preferred hot-spots for mutation are those that code for non-conserved
amino acids. The hot-spots;'that code for buried or conserved amino acids within the
CDRs are preferably not mutagénized. These residues are usually critical for the
overall structure and are unlikely-‘to interact with the antigen since they are buried.

Methods of carrying out the above described manipulation of amino acids
and protein domains are well known to a person skilled in the art. For example, said
manipulations could conveniently be carried out by genetic engineering at the
nucleic acid level wherein nucleic acid molecules encoding appropriate binding
proteins and domains thereof are modified such that the amino acid sequence of the
resulting expressed protein is in turn modified in the appropriate way.

Testing the ability of one or more antibodies to specifically bind to CXCR4

can be carried out by any appropriate methods which are well known and described
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in the art. CXCR4+ cell lines may be obtained from culture collections, or they may
be prepared by transforming CXCR4-negative cells with a construct that allows
expression of recombinant CXCR4. Such cells can readily be used to assay binding,
for example by conventional methods such as ELISA, BIACore, FACS etc.

The new antibodies produced by these methods will preferably have
improved functional properties, e.g. a higher or enhanced affinity (or at least an
equivalent affinity) for CXCR4 as the parent antibodies, and can be treated and used
in the same way as the antibodies of the invention as described elsewhere herein
(e.g., for therapy, diagnosis, in compositions etc). Alternatively, or additionally, the
new antibodies will have one or more other improved functional properties as
described elsewhere herein.

New antibodies produced, obtained or obtainable by these methods form a
yet further aspect of the invention.

This invention further provides compositions comprising at least one
antibody or antibody fragment of the invention, optionally including a diluent. Such
compositions may be pharmaceutically acceptable compositions or compositions for
use in laboratory studies. In terms of the pharmaceutical compositions, they may
preferably be formulated for parenteral, intravenous or even subcutaneous
administration.

The present invention provides a number of methods and uses of the human
antibodies and antibody fragments of the invention. Concerning all methods, the
terms "a" and "an" are used to mean "at least one", "at least a first", "one or more" or
"a plurality" of steps in the recited methods, except where specifically stated. This
is particular]y relevant to the administration steps in the treatment methods. Thus,
not only may different doses be employed with the present invention, but different
numbers of doses, e.g., injections, may be used, up to and including multiple
injections. Combined therapeutics may be used, administered before, after or during
administration of the anti-CXCR4 therapeutic antibody.

Various useful in vitro methods and uses of the antibodies or
immunoconjugates of the invention are provided that have important biological
implications. First provided are methods of, and uses in, binding CXCR4, which

generally comprise effectively contacting a composition comprising CXCR4 with at
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]eastA a first anti-CXCR4 antibody of the invention, or antigen-binding fragment
thereof. The antibodies of the invention, or immunoconjugates thereof, can thus be
used in binding assays. Suitably useful binding assays include those commonly
employed in the art, such as in immunoblots, Western blots, dot blots, RIAs,
ELISAs, immunohistochemistry, fluorescent activated cell sorting (FACS),
immunoprecipitation, affinity chromatography, and the like.

Methods of, and uses in, detecting CXCR4 are provided, which generally
comprise contacting a composition suspected of containing CXCR4 with at least a
first antibody or immunoconjugate of the invention, or antigen-binding fragment
thereof, under conditions effective to allow the formation of CXCR4/antibody
complexes and detecting the complexes so formed. The detection methods and uses
may be used in connection with biological samples, e.g., in diagnostics for tumours,
and diagnostic kits based thereon are also provided. It is also believed that detection
of CXCR4 can be prognostic for some diseases and thus mention of diagnosis herein
also includes prognosis, where relevant. In particular, CXCR4 has been indicated to
have prognostic value for metastasis recurrence and survival, glioma and some
childhood cancers

The antibodies or binding proteins of the invention can be used to detect
CXCR4 in vivo or in vitro, in particular to detect CXCR4+ cells. For example; as
CXCR4 is overexpressed on certain tumour cells, the antibodies or binding proteins
of the invention can be used to detect tumour cells in vivo or in vitro. In addition,
the ability of the antibodies to localize to CXCR4+ cells means that the antibodies of
the invention can target body sites at which CXCR4+ cells are present, whereupon
the antibody can act at the target site. In particular, the ability of the antibodies to
localize to CXCR4+ tumour cells means that the antibodies of the invention can
target body sites at which CXCR4+ tumour cells are present, whereupon the |
antibody can act at the target site.

The methods and uses of the present invention are particularly intended for
use in animals and patients that have, or are at risk for developing, any disease or
condition associated with CXCR4 expression or activity or in which CXCR4 plays a
biological role. Such diseases and disorders include diseases which are mediated by

CXCR4 positive cells, typically immunoregulatory CXCR4+ T-cells, which, upon
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binding of a ligand to CXCR4, may take part in a signaling pathway which will
cause or contribute to a disorder or disease. They also include diseases caused by
aberrant proliferation of cells expressing CXCR4. Such aberrantly proliferating cells
may naturally be CXCR4+, or they may have mutated/been transformed to express
CXCR4. As mentioned above, expression of CXCR4 may help cancer cells to
metastasize along a SDF-1 gradient. Also included are diseases characterised by
overexpression of CXCR4 on cells which are inherently CXCR4+. In addition,
CXCR4 tropic strains of HIV use CXCR4 to enter host cells, so blocking that
receptor may limit the spread of this disease.

Thus, there is provided a method of treating a disease or disorder mediated
by CXCR4 and/or characterized by aberrant proliferation of CXCR4-positive cells,
and/or characterised by overexpression of CXCR4 on cells which are inherently
CXCR4+,

Alternatively viewed, there is provided the treatment of a condition which
can benefit from one or more of the following:

(i) Inhibition of CXCR4 binding to its ligand.

(i) Inhibition of CXCR4-mediated cellular responses to a CXCR4 ligand,
particularly the inhibition of chemotaxis or migration, e.g. in connection with cancer
metastasis/organ invasion or inflammatory response, or increased intracellular
calcium ion concentration (cell activation).

(iii)) Selective elimination of CXCR4+ cells.

(iv) Activation and induction of migration of CXCR4+ hematopoietic stem cells, as
those cells are kept inactive in the bone marrow by an interaction of their CXCR4
receptor with SDF-1 produced in the bone marrow stroma.

(v) Blocking of infection of CXCR4+ cells by X4 strains of HIV, which use CXCR4
as co-receptor during infection.

Preferably, the CXCR4 ligand is SDF-1.

1t is well known to those of ordinary skill in the art that as CXCR4 is
involved in a wide range of diseases and disorders, a given anti-CXCR4 therapy,
once shown to be effective in any acceptablg model system, can be used to treat the

entire range of diseases and disorders connected with CXCR4 expression.



10

15

20

25

30

WO 2011/098762 PCT/GB2011/000175

-83-

In one embodiment, the CXCR4-mediated condition is cancer, and, in
particular, the spread, metastasis formation, organ invasion and/or the tumor growth
mediated or supported by CXCR4 and the interaction with its ligands.

CXCR4 is expressed in a variety of tumors, and there is now significant
documentation for the notion that this ‘expression plays a decisive role in the
pathophysiology of cancer particularly in cancer metastasis. Several lines of
evidence have led to the now largely accepted idea that expression of CXCR4
enables malignant cells to use SDF-1-based gradients for metastatic migration.
CXCR4 is by far the most commonly expressed chemokine receptor in cancer cells.
Expression has been found in almost all tumors studied. It is also of interest that
SDF-1 (CXCL12) is expressed at particularly high levels in liver, lung, bone
marrow, lymph nodes, and (at somewhat lower levels) in brain, i.e. sites to which
cancers typically metastasize, or which are invaded by hematological tumors. There
is copious evidence that blocking CXCR4 signaling caused by SDF-1 is capable of
reducing or preventing formation of metastasis in mouse models. This inhibition of
signaling can be achieved by antibodies (Muller et al, 2001 and many others),
siRNA to CXCR4 (Liang et al, 2007), and peptides (Kim et al, 2008).

Blocking CXCR4 is also described to have an effect on angiogenesis, for
example an inhibitory (anti-angiogenic effect). Thus, in a further embodiment the
antibodies of the invention can be used to effect angiogenesis (e.g. have an anti-
angiogenic effect). In yet another embodiment, the antagonistic antibody of the
invention can be used in conjunction‘ with any anti-angiogenic agent described in the
art. In particular, the antibodies of the invention can be used in combination with
bevacizumab (Avastin) for the treatment of cancer, or as second line treatment for
patients where the tumour has acquired resistance to Avastin.

A study by Xu et al, 2009 show that CXCR4 on tumor cells is upregulated
by treatment with Avastin. This will make the tumour cells more susceptible to
treatment with antibodies targeting CXCR4. This is of special interest for patients
which have become resistant to treatment with Avastin. Alternatively, the two drugs
can be given together.

In addition, many of the compounds blocking CXCR4 signaling which are

described to have an anti-metastatic effect are also known to inhibit tumor growth.
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Although the exact effect for limiting tumor growth by blocking the CXCR4
receptor are not fully understood, there is increasing evidence that the interaction
between the neoplastic cells and the surrounding stroma is of central importance.
One study has shown that, although transfection of pancreatic and colon cancer cells
with siRNA against CXCR4 led to little effect on cell growth in vitro, the growth in
vivo of tumors derived from these cells was significantly suppressed (Guleng et al,
2005). Furthermore, it was shown that carcinoma-associated fibroblasts, with the
traits of myofibroblast, stimulated growth of admixed breast carcinoma cells
markedly more than did normal mammary fibroblasts from the same patient, and
promoted angiogenesis by recruiting endothelial progenitor cells (Orimo et al,
2005). These effects were mediatéd through SDF-1 secreted by the tumor
fibroblasts/myofibroblasts. jAntibody against SDF-1 or siRNA against CXCR4
inhibited the tumor growth. Thus, taken together these studies show that the tumor
microenvironment is of importance for the behavior of the cancer, and marked
tumor growth inhibition was obtained by targeting the SDF-1/CXCR4 interaction in
vivo. Thus, the antibodies of the invention can be used to inhibit the attraction of
CXCR4+ cells to the tumor stroma, and/or inhibit the activation of said cells to
create a microenvironment favourable to the tumor.

In another embodiment, the CXCR4-mediated condition which is treated is
the presence of transformed cells expressing CXCR4.

As already described, CXCR4 is strongly expressed in many tumors. This
can be used to kill those cells by means of inducing apoptosis, ADCC or CDC. Of
course, as CXCR4 is also expressed on a wide variety of healthy cells, safety aspects
and side effects are a reason: for concern. The limited number of available phase I
studies on small molecule antagonists to CXCR4 showed some side effects, mostly
of minor concern. However, there is no data available on long-term use of drugs
targeting CXCR4. In addition, there might be some variation depending on the drug
used; antibodies like MDX-1338, which induces apoptosis might have a very
different safety profile from antibodies which do not. Furthermore, it was recently
demonstrated that the peptide-derived drug CTCE-9908 caused death of ovarian
cancer cells via induction of multinucleation, G,-M arrest, and abnormalimitosis

(mitotic catastrophe) (Kwong ef al, 2009). It can be speculated that this mode of
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action, e.g. mitotic catastrophe, is much more efficient in CXCR4+ tumor cells
which are prone to cell division, compared to fully differentiated CXCR4+ neural
cells, which rarely if ever undergo mitosis. Thus, in some embodiments, cell killing
of CXCR4+ cells is a further mode of action for the antibodies of the invention,
although such killing is preferably induced by mechanisms other than apoptosis.

In another embodiment, the CXCR4-mediated condition which is treated is
the migration of bone marrow support cells to the tumor site. ‘

A Phase II clinical trial in hepatocellular carcinoma investi.gating the use of
CTCE-9908 (a dimerized peptide blocking CXCR4 signaling) in combination with
transarterial chemoembolization is being initiated. The hypothesis is that CTCE-
9908 would block the recruitment of bone marrow—derived support cells by the
tumor after the transarterial chemoembolization procedure in addition to blocking
the metastatic process. ‘

In another embodiment, the CXCR4-mediated condition to be treated is the
migration of CXCR4+ cells to a site of inflammation.

CXCR4 is known to play a role in inflammation. Like other cytokines SDF-1
is contributing to inflammation by attracting CXCR4+ cells of the immune system to
the site of inflammation. Blocking the interaction might be beneficial for a wide
variety of inflammatory and auto-immune disorders, e.g. rheumatoid arthritis. The
small molecule drug candidate AMD3465, a CXCR4 antagonist, has been shown to
abrogate the Th2-mediated inflammatory response in a schistosomal antigen-elicited
model of pulmonary granuloma formation (Hu ez al, 2006)

In yet another embodiment, the CXCR4 mediated condition to be treated is a
viral infection, in particular a retroviral infection such as HIV infection, or any other
viral infection wherein said virus uses CXCR4 as a receptor.

A significant portion of HIV strains use CXCR4 as co-receptor during
infection (X4 HIV strains). Blocking the CXCR4 receptor has been shown to be
very effective in blocking the infection. AMD3 100 has been shown to inhibit entry
of X4 HIV strains into CXCR4 strains with a very high efficacy both in vitro and
and in i» vivo in clinical trials in humans. A derivative of this compound with

increased bioavailability, AMDO70, is currently in phase II clinical trials for
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treatment of HIV. Several other antagonists to CXCR4 are in various stages of
development for this purpose.

In yet another embodiment, the CXCR4 mediated condition to be treated is a
condition in which it is desired to mobilize stem cells retained in bone marrow. The
mobilization of such stem cells can be achieved by blocking CXCR4/SDF-1
interaction and this allows for example the restoration of the immune system,
required e.g. after whole body irradiation or bone marrow transplantation or a blood
cancer such as non-Hodgkin’s lymphoma or multiple myeloma. Such methods are
useful to treat these conditions and any other disease which requires or could benefit
from transplants of blood-forming stem cells. _

In January 2009, Genzyme received FDA approval to sell a small molecule
CXCR4 inhibitor plerixafor (former AMD3100) under the trade name Mozobil™ as
an injectable drug for patients with non-Hodgkin’s lymphoma and multiple
myeloma, which need transplants of blood-forming stem cells. This product is meant
to be used for the autologous stem cell mobilization in combination with G-CSF.
Blocking the interaction between CXCR4 and SDF-1 has been shown to in.crease
both the white blood cell count and the number of CD34+ cells in the peripheral
blood significantly, as SDF-1 secreted by the bone marrow stroma is in this case
contributing to keeping the stem cells in the bone marrow in activated form. There
are several other CXCR4 antagoﬁists under development for this indication.

In yet another embodiment, blocking the CXCR4 receptor mediated
signalling sensitizes tumour cells for treatment with other therapeutic compounds,
e.g. chemotherapeutic drugs. Thus, combination therapies with chemotherapeutic
drugs are particularly preferred. Such embodiments are particularly useful for the
treatment of blood cancers. ‘

In December 2009, Genzyme announced that Phase I/ trial provided early
clinical data suggesting that Mozobil® (plerixafor injection) in combination with
chemotherapy may offer a therapeutic impact on leukemic cells protected in bone
marrow. In the clinical trial, Mozobil was given as a pre-conditioning strategy prior
to chemotherapy (MEC regimen: mitoxantrone, etoposide, and cytarabine) to
patients with relapsed or refractory acute myeloid leukaemia (AML). Many of the

trial participants were either unresponsive to, or had short remissions, following
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prior treatments. Of the patients available for the first follow-up evaluation,
researchers observed a complete remission (CR or CRi) in 50 percent of patients.
Similar trials have been initiated for other blood cancers.

The embodiments described above can be used for the treatment of a wide
variety of diseases.

Examples of tumor types where increased CXCR4 expression has been
shown are breast cancer, prostate cancer, colorectal cancer, pancreatic cancer,
malignant or metastatic melanomas, head and neck cancers including but not limited
to oral squamous cell carcinomas and nasopharyngeal cancer, oesophagus cancer,
brain tumors including but not limited to gliomas and meningiomas, leukemias,
lymphomas such as non-Hodgkins lymphoma, neuroblastoma and other childhood
cancers, renal cancer, hemangioblastomas, von Hippel-Lindau disease, lung tumors
(both SCLC and NSCLC), liver cancers, ovarian cancers, cervical cancers, papillary
thyroid carcinomas and osteosarcomas. The treatment of metastatic cancer or the
inhibition of cancer cell invasion is particularly preferred.

The CXCR4-mediated disease or disorder may also be a disease or condition
associated with inflammation or autoimmune diseases. Preferred diseases or
conditions include:

(1) allergic diseases such as systemic anaphylaxis or hypersensitivity responses,
drug allergies, allergic bronchopulmonary aspergillosis (A‘BPA), insect sting
allergies and food allergies, (2) inflammatory bowel diseases, such as Crohn's
disease, ulcerative colitis, ileitis and enteritis, (3) vaginitis, (4) psoriasis and
inflammatory dermatoses such as dermatitis, eczema, atopic dermatitis, allergic
contact dermatitis, urticaria and pruritus, (5) vasculitis, (6) spondyloarthropathies,
(7) scleroderma, (8) asthma and respiratory allergic diseases such as allergic asthma,
allergic rhinitis, chronic obstructive pulmonary disease, hypersensitivity lung
diseases and the like, (9) autoimmune diseases, such as arthritis (including
rheumatoid and psoriatic), multiple sclerosis, systemic lupus erythematosus, type I
diabetes, glomerulonephritis, and the like, (10) graft rejection (including allograft
rejection and graft-v-host disease), and (11) other diseases in which undesired
inflammatory responses are to be inhibited, such as atherosclerosis, myositis, T-cell

mediated neurodegenerative diseases, multiple sclerosis, encephalitis, meningitis,
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hepatitis, nephritis, sepsis, sarcoidosis, allergic conjunctivitis, otitis, Castleman's
disease, sinusitis, LPS-induced endotoxic shock, Behcet's syndrome and gout.
Rheumatoid arthritis and Th2 mediated inflammation are particularly preferred
diseases to be treated with the antibodies of the invention.

As used herein, the term "aberrant proliferation" means cell proliferation that
deviates from the normal, proper, or expeéted course. For example, aberrant cell
proliferation ‘may include inappropriate proliferation of cells whose DNA or other
cellular components have become damaged or defective. |

Aberrant cell proliferation may include cell proliferation whose
characteristics are associated with an indication caused by, mediated by, or resulting
in inappropriately high levels of cell division, inappropriately low levels of
apoptosis, or both. Such indications may be characterized, for example, by single or
multiple local abnormal proliferations of cells, groups of cells, or tissue (s),
cancerous or non- cancerous, benign or malignant.

Any reference to "tumor(s)" herein also refers to "cancer(s)" or
"carcinoma(s)". Metastatic cancers can also be treated, as can the reduction of
metastases from a primary tumor. So-called minimal residual disease (MRD), which
is left in post-surgery patients, may be amenable for imrriunotherapy with anti-
CXCRA4 antibodies.

The present invention thus further provides methods of, and uses in, treating
a disease as defined above, comprising administering to an animal or patient with
such a disease, a therapeutically effective amount of an anti-CXCR4 antibody of the
invention, or an antigen-binding fragment or immunoconjugate of such an anti-
CXCR4 antibody.

A yet further aspect'of the invention provides the use of the antibodies of the
invention or an antigen-binding fragment or immunoconjugate of such an antibody
in the manufacture of a composition or medicament for use in therapy, imaging or
diagnosis.

A vyet further aspect provides the antibodies of the invention or an antigen-
binding fragment or immunoconjugate of such an antibody for use in therapy,

diagnosis or imaging.
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In addition, the invention Rrovides compositions comprising the antibodies
of the invention or an. antigen-binding fragment or immunoconjugate of such an
antibody with one or more phaﬁnaceutically acceptable excipient, carrier, diluent,
buffer or stabilizer.

The in vivo methods as described herein are generally carried out in a
mammal. Any mammal may be treated, for example humans and any livestock,
domestic or laboratory animal. Specific examples include mice, rats, pigs, cats,
dogs, sheep, rabbits, cows and monkey. Preferably, however, the mammal is a
human.

Thus, the term "animal" or "patient" as used herein includes any mammal,
for example humans and any livestock, domestic or laboratory animal. Specific
examples include mice, rats, pigs, cats, dogs, sheep, rabbits, cows and monkey.
Preferably, however, the animal or patient is a human subject.

This invention links both methods of treating disorders as defined above
using unconjugated or naked antibodies and fragments thereof, and CXCR4+ cell
(preferably CXCR4+ tumour cell or CXCRA4+ cells of the immune system, for
example cells which can be infected by CXCR4 tropic strains of HIV) targeting
methods using immunoconjugates in which an antibody of the invention or antigen-
binding fragment thereof; is operatively attached to a therapeutic or diagnostic
agent. Unless otherwise specifically stated or made clear in scientific terms, the
terms "antibody and fragment thereof", as used herein, therefore mean an
"unconjugated or naked" antibody or fragment, which is not attached to another
agent, particularly a therapeutic or diagnostic agent. These definitions do not
exclude modifications of the antibody, such as, by way of example only,
modifications to improve the biological half life, affinity, avidity or other properties
of the antibody, or combinations of the antibody with other effectors.

The treatment methods and uses of the invention also encompass the use of
both unconjugated or naked antibodies and immunoconjugates. In the
immunoconjugate-based treatment methods, an antibody of the invention, or
antigen-binding fragment thereof, is preferably operatively attached to a second
therapeutic agent (the anti-CXCR4 antibody itself being the first therapeutic agent).
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An appropriate therapeutic agent can be selected depending on the disease or
condition to be treated and/or the desired mode of therapeutic action.

For example, when the desired mode of action is antagonistic, e.g. to
modulate cellular signalling of the target CXCR4+ cell, e.g. to modulate signalling
inside the target cell or to modulate the signalling of the target cell to other cells, or
to down regulate or inhibit the function/signalling of CXCR4+ cells, e.g. tumor
cells, or cells of the immune system involved in an inflammatory or autoimmune
response, or cells which are susceptible to viral infection such as HIV, then
appropriate agents might be immunomodulatry therapeutic agents such as anti-
inflammatory agents, e.g. corticosteroids (preferably glucocorticoids) or non-
steroidal anti-inﬂam’mato;y drugs (N SAIDs) such as COX-2 inhibitors,
sulphonanilides, licofé]oné and omega-3 fatty acids, steroid antagonists, cytokine or
chemokine antagonists, or inhibitors of cytokine or chemokine expression.
Alternative agents mught be inhibitors of angiogenesis such as angiostatin,
endostatin, any one of the angiopoietins, vasculostatin, canstatin or maspin.
Alternative agents might be additional signalling pathway inhibitors such as an
inhibitor of a growth factor receptor, e.g. EGFR IGF receptors such as IGF-
Ireceptor (IGF-1R), IGF-2R, IGF binding protein (IGFBP-3) and FGFR.

Where inhibition of growth of CXCR4+ cells is a desired mode of action
(e.g. in the treatment of cancer) then an appropriate agent with growth inhibiting
effects can be selected, for example a cytostatic therapeutic agent such as inhibitors
of steroid receptors (e.g. the estrogen receptor).

When cell killing is a desired mode of action, then an appropriate cytotoxic
agent such as radiotherapeutic agents or ATPase inhibitors can be selected.

For cancer t_reétmeht, aﬁpropriate anti-cancer drugs might also be used.

Alternatively, in anti-viral applications, e.g. treatment of HIV, an appropriate
anti-viral agent can be used as the additional therapeutic.

It is important to note that multiple modes of action might be appropriate for

certain diseases or stages of disease, and, if so, multiple additional therapeutics can

be used. It is also important to note that many agents have multiple effects, or effects
which differ depending on the context. Blocking signalling pathways can have an

effect both on migration of tumor cells as well as on tumour growth. Many
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chemotherapeutic agents also have more than one function. Chemokines and their
antagonists may have different effects in connection with cancer compared to anti-
inﬂammatory applications. However, it would be well within the capability of a
person skilled in the art to select an appropriate additional therapeutic agent
depending on the disease, stage of disease and the-desired mode of action.

The additional therapeutics may be provided in the form of an
immunoconjugate but may alternatively be provided in a combination therapy, e.g.
when the various agents are administered together (e.g. as a mixture), separately or
sequentially, if this is more appropriate.

The foregoing treatment methods and uses will generally involve the
administration of the pharmaceutically effective composition to the animal or patient
systemically, such as by transdermal, intramuscular, intravenous injection and the
like. However, any route of administration that allows the therapeutic agent to
localize to the tumour site or other appropriate sites, such as sites of inflammation or
viral infection will be acceptable. Therefore, other suitable routes of delivery
include oral, nasal or respiratory and topical.

"Administration", as used herein, means provision or delivery of anti-
CXCR4 antibody therapeutics in an amount(s) and for a period of time(s) effective
to exert therapeutic, e.g. anti-tumour, anti-inflammatory or anti-viral effects. The
passive administration of proteinaceous therapeutics is generally preferred, in part,
for its simplicity and reproducibility.

However, the term "administration" is herein used to refer to any and all
means by which anti-CXCR4 antibodies of the invention are delivered or otherwise
provided to the target site. "Administration" therefore includes the provision of cells
that produce the anti-CXCR4 antibody of the invention in a manner effective to
result in delivery to the targét site. In such embodiments, it may be desirable to
formulate or package the cells in a selectively permeable membrane, structure or
implantable device, generally one that can be removed to cease therapy. Exogenous
anti-CXCR4 antibody of the invention will still generally be preferred, as this
represents a non-invasive method that allows the dose to be closely monitored and

controlled.
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The therapeutic methods and uses of the invention also extend to the
provision of nucleic acids that encode an anti-CXCR4 antibody of the invention in a
manner effective to result in their expression in the vicinity of the tumour or their
localization to the target site. Any gene therapy technique may be employed, such
as naked DNA delivery, recombinant genes and vectors, cell-based delivery,
including ex vivo manipulation of patients' cells, and the like.

The anti-CXCR4 antibodies of the invention can also be used to deliver other
therapeutic or diagnostic agents to the target site In such embodiments, the other
therapeutic or diagnostic agents are generally operatively attached to the anti-
CXCR4 antibodies of the invention.

The "therapeutically effective amounts" for use in the invention are amounts
of anti-CXCR4 antibody of the invention, or immunoconjugates thereof, effective
to inhibit the binding of a CXCR4 ligand to CXCR4; to inhibit CXCR4-mediated
cellular responses to a CXCR4 ligand, preferably to inhibit the release of calcium
ions in response to a CXCR4 ligand or to inhibit migration of CXCR4+ cells; to
reduce inflammation; to inhibit formation of metastasis; to inhibit cancer cell
invasion; to inhibit tumor growth; to inhibit tumor angiogenesis; to induce tumour
regression or remission upon administration to animals or patients having a
CXCR4+ tumour; to limit the spread of CXCR4 tropic HIV strains and/or, when the
mechanism of action involves cell killing, to specifically kill at least a portion of
target CXCR4+ cells. Such effects are preferably achieved while exhibiting little or
no binding to, or little or no killing of cells in normal, healthy tissues and exerting
negligible or manageable adverse side effects on normal, healthy tissues of the
animal or patient. ,

By "target site" is meant the location of CXCR4+ cells which mediate a
disorder or which proliferate in an aberrant manner causing or exacerbating a
disorder. The target site may thus for example be a tumour or the site of CXCR4-
mediated inflammation. "Target cells" are CXCR4+ cells which mediate a disorder
or which proliferate in an aberrant manner causing or exacerbating a disorder. Thus,
target cells may for example include CXCR4+ tumour cells, cells of the immune
system e.g. CXCR4+ leucocytes (for anti-inflammatory/anti-autoimmune

applications) or CXCR4+ immune cells targeted by CXCR4 tropic HIV strains.
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The terms "preferentially" and "specifically”, as used herein in the context of
killing CXCR4+ cells such as CXCR4+ tumour cells, CXCR4+ leucocytes (for anti-
inflammatory/anti-autoimmune applications) or of reducing inflammation or of
inducing tumour regression or remission, thus mean that the anti-CXCR4 antibody
of the invention or immunoconjugates thereof, function to achieve CXCR4+ target
cell destruction, e.g. tumour cell destruction, that is substantially confined to the
target site, and does not substantially extend to causing destruction in normal,
healthy tissues of the animal or subject.

Anti-CXCR4 antibodies of the invention or therapeutic conjugates are
preferably linked to one or more radiotherapeutic agents, chemotherapeutic agents,
anti-angiogenic agents, apoptosis-inducing agents, anti-tubulin drugs, anti-cellular or
cytotoxic agents, cytokine or chemokine antagonists, inhibitors of cytokine or
chemokine expression, ATPase inhibitors, anti-inflammatory agents, other
antibodies (e.g. as bispecific antibodies) or coagulants (coagulation factors) or anti-
inflammatory agents such as corticosteroids, preferably glucocorticoids, or non-
steroidal anti-inflammatory drugs (NSAIDs).

The invention thus provides a range of conjugated antibodies and fragments
thereof in which the anti-CXCR4 antibody is operatively attached to at least one
other therapeutic or diagnostic agent. The term "immunoconjugate” is broadly used
to define the operative association of the antibody with another effective agent and
is not intended to refer solely to any type of operative association, and is particularly
not limited to chemical "conjugation”. Recombinant fusion proteins are particularly
contemplated. So long as the delivery or targeting agent is able to bind to the target
and the therapeutic or diagnostic agent is sufficiently functional upon delivery, the
mode of attachment will be suitable.

Attachment of agents via the carbohydrate moieties on antibodies is also
contemplated. Glycosylation, both O-linked and N-linked, naturally occurs in

antibodies. Recombinant antibodies can be modified to recreate or create additional

glycosylation sites if desired, which is simply achieved by engineering the

appropriate amino acid sequences (such as Asn-X-Ser, Asn-X-Thr, Ser, or Thr

where X is any amino acic except Pro) into the prirhary sequence of the antibody.
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Currently preferred agents for use in anti-CXCR4 antibody or therapeutic
conjugates of the invention and related methods and uses are those that complement
or enhance the effects of the antibody and/or those selected for a particular type of
disorder (e.g. tumour type) or patient.

"Therapeutic agents that complement or enhance the effects of the antibody"
include radiotherapeutic agents, chemotherapeutic agents, anti-angiogenic agents,
apoptosis-inducing agents, anti-tubulin drugs, anti-cellular or cytotoxic agents,
coagulants, cytokine or chemokine antagonists, inhibitors of cytokine or chemokine
expression, ATPase inhibitors, anti-inflammatory agents such as corticosteroids,
preferably glucocorticoids, or non-steroidal anti-inflammatory drugs (NSAIDs),
other antibodies, (e.g. as bispecific antibodies), any one or more of which are
preferred for use herewith. |

Currently preferred anti-cancer, particularly anti-leukaemia agents include
Anthracycline drugs such as daunorubicin, Doxorubicin, Cytarabine, 6-thioguanine,
Mitoxantrone, busulfan (Myleran®), dasatinib (Sprycel™), prednisone, vincristine
sulfate (Oncovin®), Chlorambucil, Fludarébine, Pentostatin and Cladribine.

Currently preferred anti-angiogenic agents inqlude angiostatin, endostatin,
any one of the angiopoietins, vasculostatin, canstatin and maspin.

"Anti-tubulin drug(s)", as used herein, means any agent, drug, prodrug or
combination thereof that inhibits cell mitosis, preferably by directly or indirectly
inhibiting tubulin activities necessary for cell mitosis, preferably tubulin
polymerization or depolymerization.” Currently preferred anti-tubulin drugs include
colchicine, taxol, vinblastine, vincristine, vindescine and one or more of the
combretastatins.

Currently preferred NSAIDs include COX-2 inhibitors, sulphonanilides,

‘licofelone and omega-3 fatty acids.

The attachment or association of the preferred agents with anti-CXCR4
antibodies of the invention gives "immunoconjugates", wherein such
immunoconjugates often have enhanced and even synergistic therapeutic properties,

e.g. anti-tumour or anti-inflammatory properties.
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The use of antl-cellular and cytotoxm agents (where appropriate) results in
anti-CXCR4 antibody "1mmunotox1ns" of the invention, whereas the use of
coagulation factors results in antl CXCR4 antibody "coaguligands" of the invention.

The use of at least two therapeutic agents is also contemplated, such as
combinations of one or more of the above agents.

In cértain applications, the anti-CXCR4 antibody therapeutics of the
invention will be operatively attached to cytotoxic, cytostatic or otherwise anti-
cellular agénts that have the ability to kill or suppress the growth or cell division of
cells. Suitable anti-cellular agents include chemotherapeutic agents, as well as
cytotoxins and cytostatic agents. Cytostatic agents are generally those that disturb
the natural cell cycle of a target cell, preferably so that the cell is taken out of the
cell cycle.

Exemplary chemotherapeutlc agents include: hormones,-such as steroids;
anti-metabolites, such as cytosme arabinoside, fluorouracil, methotrexate or
aminopterin; anthracyclmes mitomycin C; vinca alkaloids; antibiotics;
demecolcine; etoposide; mithramycin; and anti-tumor alkylating agents, such as
chlorambucil or melphalan. Certain preferred anti-cellular agents are DNA
synthesis inhibitors, such as daunorubicin, doxorubicin/adriamycin, and the like.
Overall, taxol/paclitaxel, docetaxel, cisplatin, gemcitabine, a combretastatin and
doxorubicin/adriamycin are currently preferred anti-cancer agents.

V-type ATPase inhibitors are also currently preferred, such as
salicylihalamide, concanamycin or baﬁlomyciﬁ, as are protein synthesis inhibitors,
such as psymberin, pederin, irciniastatin A.

In certain therapeutic applications, toxin moieties will be preferred, due to
the much greater ability of most toxins to deliver a cell killing effect, as compared to
other potential agenis.. Therefore, certain preferred anti-cellular agents for anti-
CXCRA4 antibody constructs of the invention are plant-, fungus- or bacteria-derived
toxins. Exemplary toxins include epipodophyllotoxins; bacterial endotoxin or the
lipid A moiety of bacterial endotoxin; ribosome inactivating proteins, such as
saporin or gelonin; a-sarcin; aspergillin; restrictocin; ribonucleases, such as placental
ribonuclease; diphtheria toxin and pseudomonas exotoxin. Currently preferred

examples are ricin, gelonin, abrin, diphtheria, pseudomonas and pertussis toxins.
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Certain preferred toxins are the A chain toxins, such as ricin A chain. The
most preferred toxin moiety is often ricin A chain that has been treated to modify or
remove carbohydrate residues, so called "deglycosylated A chain” (dgA).
Deglycosylated ricin A chain is preferred because of its extreme potency, longer
half-life, and because it is economically feasible to manufacture it a clinical grade
and scale. Recombinant and/or truncated ricin A chain may also be used. |

The anti-CXCR4 antibody therapeutics of the invention may comprise a
component that is capable of promoting coagulation, i.e., a coagulant. Heré, the
targeting antibody may be directly or indirectly, e.g., via another antibody, linked to
a factor that directly or indirectly stimulates coagulation. |

Preferred coagulation factors for such uses are Tissue Factor (TF) and TF
derivatives, such as truncated TF (tTF), dimeric, trimeric, polymeric/multimeric TF,
and mutant TF deficient in the ability to activate Factor VII. Other suitable
coagulation factors include vitamin K-dependent coagulants, such as Factor I1/11a,
Factor VII/VIIa, Factor IX/IXa and Factor X/Xa; vitamin K-dependent coagulation
factors that lack the Gla modiﬁcation; Russell's viper venom Factor X activator;
platelet-activating compounds, such as thromboxane A, and thromboxane A,
synthase; and inhibitors of fibrinolysis, such as a2-antiplasmin. Overall, truncated
Tissue Factor (1TF) is currently preferred.

The preparation of immunoconjugates and immunotoxins is generally well
known in the art (see, e.g., U.S. Patent No. 4,340,535). Each of the following
patents are further incorporated herein by reference for the purposes of even further
supplementing the present teachings regarding immunotoxin generation, purification
and use: U.S. Patent No. 6,004,554; 5,855,866, 5,965,132; 5,776,427, 5,863,538;
5,660,827 and 6,051,230.

A variety of chemotherapeutic and other pharmacological agents can also be
successfully conjugated to anti-CXCR4 antibody therapeutics of the invention.
Exemplary antineoplastic agents that have been conjugated to antibodies include
doxorubicin, daunomycin, methotrexate and vinblastine. Moreover, the attachment
of other agents such as neocarzinostatin, macromycin, trenimon and o.-amanitin has
been described (see U.S. Patent No. 5,660,827; 5,855,866; and 5,965,132; each

incorporated herein.)
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The preparation of coaguligands is also easily practiced. The operable
association of one or more coagulation factors with an anti-CXCR4 antibody of the
invention may be a direct linkage, such as those described above for the
immunotoxins. Altemnatively, the operative association may be an indirect
attachment, such as where the antibody is operatively attached to a second binding
region, preferably an antibody or antigen binding region of an antibody, which binds
to the coagulation facior. ‘The coagulation factor should be attached to the anti-
CXCR4 antibody of the inventi‘on at a site distinct from its functional coagulating
site, particularly where a covalent lihkage is used to join the molecules.

Bispecific or trispecific-antibodies may also be employed in the methods of
the invention. In such antibodies one arm binds to CXCR4 and is an antibody of the
present invention. Methods for preparing bispecific antibodies are well known and
described in the art.

In the preparation of immunoconjugates, immunotoxins and coaguligands,
recombinant expression may be employed. The nucleic acid sequences encoding the
chosen anti-CXCR4 antibody of the invention, and therapeutic agent, toxin or
coagulant, are attached in-frame in an expression vector. Recombinant expression
thus results.in translation of the nucleic acid to yield the desired immunoconjugate.
Chemical cross-linkers and avidin:biotin bridges may also join the therapeutic
agents to the anti—CXCR4 -antibody of the invention.

The compositions and methods of the present invention may be used.in
combination with other therapeutics and diagnostics. . In terms of biological agents,
preferably diagnostic or therapeutic agents, for use "in combination" with an anti-
CXCR4 antibody in accordance with the present invention, the term "in
combination" is succinctly used to cover a range of embodiments. The "in
combination" terminology, unless otherwise specifically stated or made clear from
the scientific terminology, thus applies to various formats of combined
compositions, pharmaceuticals, cocktails, kits, methods, and first and second
medical uses.

The "combined" embodiments of the invention thus include, for example,
where the anti-CXCR4 of the invention is a naked antibody and is used in

combination with an agent or therapeutic agent that is not operatively attached
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thereto. In such cases, the agent or therapeutic agent may be used in a non-targeted
or targeted form. In "non-targeted form", the agent, particularly therapeutic agents,
will generally be used according to their standard use in the art. In "targeted form",
the agent will generally be operatively attached to a distinct antibody or targeting
region that delivers the agent or therapeutic agent to the target disease site. The use
of such targeted forms of biological agents, both diagnostics and therapeutics, is also
quite standard in the art.

In other "combined" embodiments of the invention, the anti-CXCR4
antibody of the invention is an immunoconjugate wherein the antibody is itself
operatively associated or combined with the agent or therapeutic agent. The
operative attachment includes all forms of direct and indirect attachment as
described herein and known in the art. ‘

The "combined" uses, particularly in terms of an anti-CXCR4 antibody of
the invention in combination with therapeutic agents, also include combined
compositions, pharmaceuticals, cocktails, kits, methods, and first and second
medical uses wherein the therapeutic agent is in the form of a prodrug. In such
embodiments, the activating component able to convert the prodrug to the functional
form of the drug may again be operatively associated with the anti-CXCR4
antibodies of the present invention.

In certain preferred embodiments, the therapeutic compositions,
combinations, pharmaceuticals, cocktails, kits, methods, and first and second
medical uses will be "prodrug combinations". As will be understood by those of
ordinary skill in the art, the:term "prodrug combination", unless otherwise stated,
means that the antibody of the invention is operatively attached to a component
capable of converting the prodrug to the active drug, not that the antibody is
attached to the prodrug itself. However, there is no requirement that the prodrug
embodiments of the invention need to be used as prodrug combinations.
Accordingly, prodrugs may be used in any manner that they are used in the art,
including in ADEPT and other forms.

Thus, where combined compositions, pharmaceuticals, cocktails, kits,
methods, and first and second medical uses are described, preferably in terms of

diagnostic agents, and more preferably therapeutic agents, the combinations include
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anti-CXCR4 antibodies that are naked antibodies and immunoconjugates, and
wherein practice of the in vivo embodiments of the invention involves the prior,
simultaneous or subsequent administration of the naked antibodies or
immunoconjugate and the biological, diagnostic or therapeutic agent; so long as, in
some conjugated or unconjugated form, the overall provision of some form of the
antibody and some form of the biological, diagnostic or therapeutic agent is
achieved. |

The foregoing and other explanations of the effects of the present invention

on tumors are made for simplicity to explain the combined mode of dperation, type

- of attached agent(s) and such like. This descriptive approach should not be

interpreted as either an understatement or an oversimplification of the beneficial
properties of the anti-CXCR4 antibodies of the invention. It will therefore be
understood that such :;ntibédies themselves have anti-CXCR4 properties and that
immunoconjugates of such antibodies will maintain these properties and combine
them with the properties of the attached agent; and further, that the combined effect
of the antibody and any attached agent will typically be enhanced and/or magnified.

The invention therefore provides compositions, pharmaceutical
compositions, therapeutic kits and medicinal cocktails comprising, optionally in at
least a first composition or container, a biologically effective amount of at least a
first anti-CXCR4 antibody of the invention, or an antigen-binding fragment or
immunoconjugate of such an anti-CXCR4 antibody; and a biologically effective
amount of at least a second biological agent, component or system.

The "at least a second biological agent, component or system" will often be a
therapeutic or diagnostic agent, component or system, but it need not be. For
example, the at least a second b.io‘Iogical agent, component or system may comprise
components for modiﬁcation of the antibody and/or for attaching other agents to the
antibody. Certain preferred second biological agents, components or systems are
prodrugs or components for making and using prodrugs, including components for
making the prodrug itself and components for adapting the antibodies of the
invention to function in such prodrug or ADEPT embodiments.

Where therapeutic or diagnostic agents are included as the at least a second

biological agent, component or system, such therapeutics and/or diagnostics will
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typically be those for use in connection with the treatment or diagnosis of one or
more of the disorders defined above.

Thus, in certain embodiments "at least a second therapeutic agent" will be
included in the therapéutic kit or cocktail. The term is chosen in reference to the
anti-CXCR4 antibody of the invention being the first therapeutic agent. Therapeutic
agents which are appropriate for being "at least a second therapeutic agent" in
accordance with the invention are discussed above in connection with
immunoconjugates.

In terms of compositions, kits and/or medicaments of the invention, the
combined effective amounts of the therapeutic agents may be comprised within a
single container or container means, or comprised within distinct containers or
container means. The cocktails will generally be admixed together for combined
use. Agents formulated for intravenous administration will often be preferred.
Imaging components may also be included. The kits may also comprise instructions
for using the at least a first antibody and the one or more other biological agents
included. ‘

Speaking generally, the at least a second therapeutic agent may be
administered to the animal or patient substantially simultaneously with the anti-
CXCR4 antibody of the invention; such as from a single pharmaceutical
composition or from two pharmaceutical compositions administered closely
together.

Alternatively, the at least a second therapeutic agent may be administered to
the animal or patient at a time sequential to the administration of the anti-CXCR4
antibody of the invention. "At a time sequential”, as used herein, means
"staggered", such that the at least a second anti-cancer agent is administered to the
animal or patient at a time distinct to the administration of the anti-CXCR4 antibody
of the invention. Generally, the two agents are administered at times effectively
spaced apart to allow the two agents to exert their respective therapeutic effects, i.e.,
they are administered at "biologically effective time intervals". The at least a second
therapeutic agent may be administered to the animal or patient at a biologically
effective time prior to the anti-CXCR4 antibody of the invention, or at a biologically

effective time subsequent to that therapeutic.
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Accordingly, the present invention provides methods for treating an animal
or patient with a tumor, comprising:

(a) subjecting the animal or patient to a first treatment that substantially reduces
the tumor burden; and

(b)  subsequently administering at least a first anti-CXCR4 antibody of the
invention, or antigen-binding fragment thereof; optionally wherein the antibody or
fragment is operatively aségciated with a second therapeutic agent.

Preferred first treatments include surgical resection and chemotherapeutic
intervention,

In other embodiments, the present invention provides methods for treating an
animal or patient with a CXCR4-mediated disorder, comprising:

(a) subjecting the animal or patient to a first treatment that substantially reduces
the CXCR4-mediated burden such as inflammation; and

(b)  subsequently administering at least a first anti-CXCR4 antibody of the
invention, or antigen-binding fragment thereof; optionally wherein the antibody or
fragment is operatively associated with a second threrapeutic agent.

In certain other embodiments, the antibodies and immunoconjugates of the
invention may be combined with one or more diagnostic agents, typically diagnostic
agents for use in connection with the diagnosis of a disorder as defined above. A
range of diagnostic compésitions, kits and methods are thus included within the
invention.

Yet further aspects are methods of diagnosis or imaging of a subject
comprising the administration of an appropriate amount of an antibody or other
protein of the invention as defined herein to the subject and detecting the presence
and/or amount and/or the location of the antibody or other protein of the invention in
the subject.

In one embodiment, the invention provides a method of reducing
immunosuppression associated with CXCR4 expression in an animal, comprising
administering to said animal the antibody of the invention, or an immunoconjugate
thereof, in an amount effective to form complexes between said antibody and
CXCR4 in said animal, thereby reducing immunosuppression associated with

CXCR4 expression in.an animal.
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Appropriate diseases to be imaged or diagnosed in accordance with the
above described uses and methods include any CXCR4 associated disease as
described elsewhere herein and preferably any cancer as described elsewhere herein.

In one embodiment, the invention provides a method of diagnosing disease
in an animal comprising the step of:

(a) contacting a test sample taken from said animal with an antibody of the
invention or an immunoconjugate thereof.

In a further embodiment, the invention provides a method of diagnosing
disease in an animal comprising the steps of:

(a) contacting a test sample taken from said animal with an antibody of the
invention or an immunoconjugate thereof;

(b) measuring or detecting the presence and/or amount and/or location of
antibody-antigen complex in the test sample; and, optionally

(c) comparing the presence and/or amount of antibody-antigen complex in the
test sample to a control.

In the above methods, said contacting step is carried out under conditions
that permit the formation of an antibody-antigen complex. Appropriate conditions
can readily be determined by a person skilled in the art.

In the above methods any appropriate test sample may be used, for example
biopsy cells, tissues or organs suspected of being affected by disease or histological
sections. '

In certain of the above methods, the presence of any amount of antibody-
antigen complex in the test sample would be indicative of the presence of disease.
Preferably, for a positive diagnosis to be made, the amount of antibody-antigen
complex in the test sample is greater than, preferably significantly greater than, the
amount found in an abpropriate control sample. More preferably, the significantly
greater levels are statistically significant, preferably with a probability value of
<0.05. Appropriate methods of determining statistical significance are well known
and documented in the art and any of these may be used.

Appropriate control samples could be readily chosen by a person skilled in
the art, for example, in the case of diagnosis of a particular disease, an appropriate

control would be a sample from a subject that did not have that disease. Appropriate
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control "values” could also be readily determined without running a contro!
"sample" in every test, e.g., by reference to the range for normal subjects known in
the art.

For use in the diagnostic or imaging applications, the antibodies of the
invention may be labeled with a detectable marker such as a radio-opaque or
radioisotope, such as ’H, M, 3%p, s, 18], 15, 13 '; a radioactive emitter (e.g., o, P
or y emitters); a fluorescent (fluorophore) or chemiluminescent (chromophore)
compound, such as fluorescein isothiocyanate, rhodamine or luciferin; an enzyme,
such as alkaline phosphatase, beta-galactosidase or horseradish pe}oxidase; an
imaging agent; or a metal ion; or a chemical moiety such as biotin which may be
detected by binding to a specific cognate detectable moiety, €.g., labelled
avidin/streptavidin. Methods of attaching' a label to a binding protein, such as an
antibody or antibody fragment, are known in the art. Such detectable markers allow
the presence, amount or location of binding protein-antigen complexes in the test
sample to be examined. o

Preferred detectable markers for in vivo use include an X-ray detectable
compound, such as bismuth (III), gold (III), lanthanum (III) or lead (II); a

. . . . . 68 : 3: 1+ 4 ]
radioactive ion, such as copper67, galllum67, gallium 8, indium'" , indium ”,

g . .o . 186 .18
iodine'®, iodine'® , iodine'!, mercurym, mercury203 , thenium ", rhenium 8,

%0. a nuclear magnetic spin-

rubidium®’, rubidium'®, technetium®™ or yttrium
resonance isotope, such as cobalt (II), copper (II), chromium (III), dysprosium (III),
erbium (I1I), gadolinium (III), holmium (I1I), iron (II), iron (IIT), manganese (II),
neodymium (III), nickel (IT), samarium (III), terbium (III), vanadium (II) or
ytterbium (I1I); or rhodamine or fluorescein.

The invention also includes diagnostic or imaging agents comprising the
antibodies of the invention éttached to a label that produces a detectable signal,
directly or indirectly. Appropriate labels are described elsewhere herein.

The invention further includes kits comprising one or more of the antibodies,
immunoconjugates or compositions of the invention or one or more of the nucleic
acid molecules encoding the antibodies of the invention, or one or more recombinant
expression vectors comprising the nucleic acid sequences of the invention, or one or

more host cells or viruses comprising the recombinant expression vectors or nucleic
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acid sequences of the invention. Preferably said kits are for use in the methods and
uses as described herein, e.g., the therapeutic, diagnostic or imaging methods as
described herein, or are for use in the in vitro assays or methods as described herein.
The antibody in such kits may preferably be an antibody conjugate as described
elsewhere herein, e.g., may be conjugated to a detectable moiety or may be an
immumoconjugate. Preferably said kits comprise instructions for use of the kit
components, for example in diagnosis. Preferably said kits are for diagnosing or
treating diseases as described elsewhere herein and optionally comprise instructions
for use of the kit components to diagnose or treat such diseases.

The antibodies of the invention as defined herein may also be used as
molecular tools for in vitro or in vivo applications and assays. As the antibodies
have an antigen binding site, these can function as members of specific binding pairs
and these molecules can be used in any assay where the particular binding pair
member is required.

Thus, yet further aspects of the invention provide a reagent that comprises an
antibody of the invention as defined herein and the use of such antibodies as
molecular tools, for example in in vitro or in vivo assays.

Cancer treatment may also be carried out by:

(a) forming an image of a tumor by administering to an animal or patient having
a tumor a diagnostic amount of at least a first detectably-labeled anti-CXCR4
antibody of the invention, comprising a diagnostic agent operatively attached to the
anti-CXCR4 antibody of the invention, thereby forming a detectable image of the
tumor; and

(b) subsequently administering to the same animal or patient a therapeutically
optimized amount of at least a first naked anti-CXCR4 antibody of the invention or
therapeutic agent-antibody construct using such an antibody, thereby causing an
anti-tumor effect.

The invention- will now be described in more detail in the following non-
limited examples with reference to the Tables and Figures in which:

Table 1 lists some of the.sequences disclosed herein relating to antibody C-

9P21
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Table 2 lists some of the sequences disclosed herein relating to antibody B-
1M22

Table 3 lists some of the sequences disclosed herein relating to antibody C-
1124

Table 4 lists some of the sequences disclosed herein relating to antibody D-
1K21 '

Table 5 lists some of the sequences disclosed herein relating to antibody |
9N10 '

Table 6 lists some of the sequences disclosed herein relating to the IgG form
of antibody C-9P21. The variable regions are underlined.

Table 7 lists some of the sequences disclosed herein relating to IgG form of
antibody B-1M22. The variable regions are underlined.

Table 8 lists some of the sequences disclosed herein relating to IgG form of
antibody C-1124. The variable regions are underlined.

Table 9 lists some of the sequences disclosed herein relating to IgG form of
antibody D-1K21. The variable regions are underlined.

Table 10 lists some of the sequences disclosed herein relating to IgG form of
antibody 9N10. The variable regions are underlined.

Table 11 lists some other sequences disclosed herein relating to antibodies of
the invention.

Figure 1 shows the nucleotide and amino acid sequence of inter alia the
heavy and light chain of clone C-9P21. ScFv was cloned via Ncol/NotI site into
pHOG21. The restriction sites used for initial cloning (Ncol, HindIll, Mlul and
Notl) are italicized and underlined. The linker sequence between VH and VL is in
italic. The ¢-myc epitope and 6 His are underlined and double underlined,
respectively.

Figure 2 shows the nucleotide and amino acid sequence of inter alia the
heavy and light chain of clone B-1M22. ScFv was cloned via Ncol/Notl site into
pHOG?21. The restriction sites used for initial cloning (Ncol, HindlIII, Mlul and
Notl) are italicized and underlined. The linker sequence between VH and VL is in
italic. The c-myc epitope and 6 His are underlined and double underlined,

respectively.
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Figure 3 shows the nucleotide and amino acid sequence of inter alia the
heavy and light chain of clone C-1124. ScFv was cloned via Ncol/Notl site into
pHOG21. The restriction sites used for initial cloning (Ncol, HindIII, Mlul and
Not]) are italicized and underlined. The linker sequence between VH and VL is in
italic. The c-myc epitope and 6 His are underlined and double underlined,
respectively.

Figure 4 shows the nucleotide and amino acid sequence of inter alia the
heavy and light chain of clone D-1K21. ScFv was cloned via Ncol/Notl site into
pHOG?21. The restrictioﬁ sites used for initial cloning (Ncol, HindIIl, Mlul and
Notl) are italicized and undérlined. The linker sequence between VH and VL is in
italic. The c-myc epitope and 6 His are underlined and double underlined,
respectively.

Figure 5 shows the nucleotide and amino acid sequence of inter alia the
heavy and light chain of clone 9N10. ScFv was cloned via Ncol/Notl site into
pHOG?21. The restriction sites used for initial cloning (Ncol, HindIII, Mlul and
Notl) are italicized and underlined. The linker sequence between VH and VL is in
italic. The c-myc epitope and 6 His are underlined and double underlined,
respectively.

Figure 6A shows EasyCyte staining demonstrating the binding of B-1M22,
C-9P21, C-1124, and D-1K21scFv clones to CXCR4-transfected versus non-
transfected HEK293 cell lines. Figure 6B shows EasyCyte staining demonstrating
the binding of B-1M22,:C-9P21, C-1124, and D-1K21 scFv clones to transfected
versus non-transfected DTA40 cell lines. Fi gure 6C shows EasyCyte staining
demonstrating the binding of C-9P21, 9N 10, and F7 IgG clones to Ramos and
CCRF-CEM cell lines.

Figure 7A shows EasyCyte staining of 10° Jurkat cells with 0.5 pg each of
B-1M22, C-9P21, C-1124, and D-1K21 scFv clones without and with competition
with ligand and AMD-3100. Figure 7B shows EasyCyte staining of 10° Ramos cells
with 0.5 pg each of B-1M22, C-9P21, C-1124, and D-1K21 scFv clones without and
with competition with ligand and AMD-3100. Figure 7C shows EasyCyte staining
of 10° CCRF-CEM cells with 0.1 pg each of C-9P21, 9N10, and F7 IgG clones
without and with competition with 4 ug, 1 pug and 0.5 pg ligand.
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Figure 8A shows EasyCyte staining of 10° CCRF-CEM cells with 0.5 pug of
C-1124 (dotted line), B-1M22 (dark solid line) and F7 (pale solid line) compared to
PBS (black shading). Figure 8B shows EasyCyte staining of 10° CCRF-CEM cells
with 0.5 pg of D-1K21 (dotted line), C-9P21 (dark solid line) and F7 (pale solid
line) compared to PBS (black shading). All antibodies were in IgG1 format and
binding was detected with goat anti-human IgGrPE secondary antibody.

Figure 9 shows binding of B-1M22, C-9P21, C-1124, and D-1K21 to
HEK293T/17 cells transiently expressing mouse or monkey CXCR4. The columns
labelled “Fugene” are cells treated with the transfecting agent applied without DNA.
This column serves as negative control.

Figure 10 shows an EasyCyte experiment in which B-1M22, C-9P21, C-
1124, and D-1K21 scFv clones were titrated on CCRF-CEM cells to determine
optimal concentration for use in Ca'" flux assays.

Figure 11A, Figure 11B, Figure 11C and Figure 11D and Figure 11E show
the results of a Ca**-flux assay on CCRF-CEM cells (labelled with Fluo-4). The
antibodies B-1M22, C-9P21, C-1124, and D-1K21 were tested at both the scFv level
(Figure 11A) and the 1gG level (Figure 11B, 11C and 11D), clone 9N10 was tested

at 1gG level (Figure 11E). Cells were pre-incubated with 4 ng/ml scFvs (Figure
11A) or 10 and 100 pg/ml IgGs (Figure 11B, 11C and 11D), or 1 and 10 pug/ml 1gGs
(Figure 11E) for 15 min before adding CXCR4-specific ligand SDF-1a. The signal
recording started approximately 10 sec after adding the ligand. The areas under the
curves (AUC) were integrated and plotted as percentage of AUC for maximal
stimulation with SDF-1a alone.

Figure 12A and Figure 12B show the results of a Ca™"-flux assay on CCRF-
CEM cells (labelled with Fluo-4). The antibodies C-9P21 and 9N10 were tested at

the IgG level. Cells were pre-incubated with varying concentrations of the
antibodies for 15 min ~bef6re adding CXCR4-specific ligand SDF-1a. The signal
recording started approximately 10 sec after adding the ligand. Figure 12A shows
the signal reduction at a series of concentrations. Figure 12B shows the original
data.

Figure 13 shows inhibition of ligand (SDF-1a) induced cell migration by
anti-CXCR4 scFv C-9P21. Human T-cell leukaemia CCRF-CEM cells labelled with
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BATDA were induced to migrate in Boyden chambers, where the SDF-1 ligand was
placed in the lower chamber and the cells were co-incubated with antibodies or
medium only as a control in the upper chambers. Cells which migrated to the lower
chamber were detected by ﬂuorescence intensity after Triton X-100 induced cell
lysis. Mean and SD values of triplicates are plotted.

Figure 14A, Figure 14B and Figure 14C shows the induction of ADCC by
the anti-CXCR4 antibodies B-1M22, C-9P21, C-1124, and D-1K21. Dose-response
killing of CCRF-CEM cells is shown for scFvs C-9P21 and D-1K21 (a), and IgGs
C-9P21 and D-1K21 (b), and IgGs B-1M22 and C-1124.

Figure 15A and Figure 15B show the results of an assay to test the ability of
the antibodies B-1M22, C-9P21, C-1124, and D-1K21 to induce CDC. Dose-
response killing of Ramos cells in the presence of human serum is shown for IgGs
B-1M22 and C-1124 (Figure 15A). C-9P21 and D-1K21 do not induce CDC (Figure
15B). As a control, antibody F7 in IgG1 format was used.

Figure 16A shows an analysis of the apoptotic activity of anti-CXCR4
antibodies B-1M22, C-9P2:,1-, C-1124, and D-1K21 with Annexin V. As controls,
antibody F7 and Staurosporin (S; 25 nM) were used. The negative control
(background level), where no aﬁtibody and no staurosporin is added is shown in the
column 0. Light grey shading: Total amount of dead cells, positive both for
Annexin V and PI, dark grey shading: apoptotic cells as defined by being positive
for Annexin V but negative for PI. Figure 16B shows an analysis of apoptotic
activity of the anti-CXCR4 antibodies C-9P21 and 9N10 with Annexin V. As
controls, antibody F7 was used. Light grey shading: Total amount of dead cells,
positive both for Annexin V and PI, dark grey shading: apoptotic cells as defined by

being positive for Annexin V but negative for PI.

EXAMPLES
Example 1: Novel Antibodies

Five human antibodies have been identified which can specifically bind to
CXCR4. Single chain forms of the antibodies were cloned in the pHOG21 plasmid
(Kipriyanov et al., 1997) which contains a c-myc and 6xHis tag epitopes. TGl
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bacteria were transformed, and the scFv was expressed upon IPTG induction. The
binding of the purified scFv was confirmed by EasyCyte. .

The nucleotide sequences of the heavy and light chain of the antibody
producing clones were sequenced. The antibodies are designated as C-9P21, B-
1M22, C-1124, D-1K21 and 9N10. The nucleotide sequence and amino acid
sequence of the light and heavy chain of C-9P21 are shown in Figure 1. The CDR
regions of the light aﬁd héa;l"\)y chains of C-9P21 are shown in Table 1. The
nucleotide sequence and an:lino acid sequence of the light and heavy chain of B-
1M22 are shown in Figure 2. The CDR regions of the light and heavy chains of B-
1M22 are shown in Table 2. The nucleotide sequence and amino acid sequence of
the light and heavy chain of C-1124 are shown in Figure 3. The CDR regions of the
light and heavy chains of C-1124 are shown in Table 3. The nucleotide sequence and
amino acid sequence of the light and heavy chain of D-1K21 are shown in Figure

4. The CDR regions of the light and heavy chains of D-1K21 are shown in Table 4.

~ The nucleotide sequence and amino acid sequence of the light and heavy chain of

9N10 are shown in Figure 5. The CDR regions of the light and heavy chains of
9N10 are shown in Table 5.

The IgG form of antibodies C-9P21, B-1M22, C-1124, D-1K21 and 9N10
have also been made. The IgG form is of the igG1 isotype and it comprises two
heavy chains and two;lightl chains. Each heavy chain comprises a Vy domain of
SEQ ID NO: 69 (for C-9P21), SEQ ID NO: 71 (for B-1M22), SEQ ID NO:73 (for
C-1124), SEQ ID NO:75 (for D-1K21) or SEQ ID NO: 69 (for 9N10) and a human
IgG1 constant region. Each light chain comprisés a VL domain of SEQ ID NO: 70
(for C-9P21), SEQ ID NO: 72 (for B-1M22), SEQ ID NO: 74 (for C-1124), SEQ ID
NO: 76 (for D-1K21) or SEQ ID NO: 103 (for 9N10) and a human lambda light
chain constant region (for B-1M22 and C1124), or a human kappa light chain
constant region (for C-9P21, D-1K21 and 9N10). The full IgG sequences of C-
9P21, B-1M22, C-1124, D-1K21 and 9N10 are shown in Tables 6, 7, 8, 9 and 10,

respectively.

Cells and cell culture
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CCRF-CEM (acute lymphoblastic leukemia, ATCC number CCL-119),
HEK293T/17 (human kidney, ATCC number CRL-11268), Ramos (Burkitt’s
lymphoma, ATCC CRL-1596), Jurkat 6E-1 (Human T-cell leukemia, ATCC
ECACC) and DT40 (chicken lymphoma, ATCC number CRL-2111) cell lines were
obtained from the American Type Culture Collection (ATCC, Rockville, MD). The
CCRF-CEM, Ramos, Jurkat and DT40 cells were maintained in RPMI-1640 culture
medium and the HEK293T cells were maintained in Dulbecco's Modified Eagle
Medium (DMEM) culture medium. All cells were maintained with fetal calf serum,
the concentration was 10% for DT40 and HEK293T cells and 20% for CCRF-CEM
cells, Jurkat and Ramos. All media were supplemented with Penicillin and
Streptomycin.

Ramos and Jurkat cells are split three times per week to 3x10° cell/m] for 48
hours growth and to 2x10° cells/ml over the weekend.

CCRF-CEM cells are split three times per week tb 3x10° cell/ml for 48 hours
growth and to 2x10° cells/ml over the weekend.

HEK293T/17 cells are split two to three times per week to 3.2x1 0° cell/ml
for 48 hours growth and to 2.7x10° cells/ml over the weekend.

For transient transfection, HEK293T/17 cells are seeded as 2 x 10° cells in a
T75 (Nunc) flask. 48h after seeding, the cells are transfected with Fugene (Roche).
40 pl Fugene and 16 png DNA are used per T75. The cells are used for assays 48h

after transfection.

Example 2: Specificity of binding of antibody clones to CXCR4 expressing cells
The four antibodies B-1M22, C-9P21, C-1124, and D-1K21 were tested at
scFv level for their CXCR4 specificity by their ability to bind to CXCR4 transfected

cells. The transfected cells differ from their untransfected counterpart only in the

expression of CXCR4.

Material and Methods:
DT40 and HEK293T/17 cells were maintained as described above.
The DT40+CXCR4, HEK293+CXCR4, DT40 and HEK293 cells were

harvested from culture flasks, washed 2 times with PBS (400 x g, 5 min, 4°C) and
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resuspended in PBS containing 0.2 % BSA and 0.09 % NaNs. 1 x 10 cells per well
were aliquoted intq V-shaped 96-well plates (Greiner Bio-One, Frikenhausen,
Germany). The cells were centrifuged (400 x g, 5 min, 4°C) and resuspended in 50
pl ScFvs (10 pg/ml) in PBS containing 0.2 % BSA and 0.09 % NaNj3. After 1 hour
incubation (4°C), the cells were washed three times with 100 pl PBS with 0.2 %
BSA and 0.09 % NaNj; and stained with an in-house produced murine anti-cMyc
antibody (2.5 pg/ml). After 1 hour incubation (4°C), the cells were washed three
times with 100 pl PBS with 0.2 % BSA and 0.09 % NaN; and incubated for 30
minutes at 4 °C with RPE conjugated goat anti-mouse IgG (F0479, Dako, Denmark)
diluted to 5 ug/ml in PBS with 0.2 % BSA and 0.09 % NaNs. Cells were washed,
resuspended in 200 pl PBS with 0.2 % BSA and 0.09 % NaN3, and transferred to a
U-shaped 96 well Costar (Corning, Schiphol-Rijik, The Netherlands) plate for flow
cytometry using an Easy Cyte device (Guava Technologies, Hayward, CA, USA).

Results:

All four clones show specific binding to the transfected cell lines, with the
exception of B-1M22 on transformed HEK cells (see Figures 6A and 6B), (although
the B-1M22 antibody does show specific binding to the DT40 transfected cells). It
should be noted that it is long known that CXCR4 has a tendency to develdp
somewhat different conformations depending on the cell line expressing it (Baribaud
et al, 2001). This fact is likely to be the cause for different results on different cell

lines. In these experiménts, clone C-9P21 was generally the best binder.

In addition, as described below, the clones 9N10, C-9P21 and F7 were tested
at IgG level for their ability to bind to cells naturally expressing CXCR4 (Ramos,
CCRF-CEM).

Material and Methods:

Ramos and CCRF-CEM cells were maintained as described above.
The cells were harvested from culture flasks, washed 2 times with PBS (350
X g, 5 min, 4°C) and resuspended in PBS containing 0.2 % BSA and 0.09 % NaN;. 1
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X 10% cells per well were aliquoted into V-shaped 96-well plates (Greiner Bio-One,
Frikenhausen, Germany). The cells were centrifuged (350 x g, 5 min, 4°C) and
resuspended in 50 ul IgG (50 pg/ml) in PBS containing 0.2 % BSA and 0.09 %
NaNj. Titration was done in twelve points and three fold dilution. After 1 hour
incubation (4°C), the cells were washed three times with 150 pl PBS with 0.2 %
BSA and 0.09 % NaN3 and incubated for 30 minutes at 4 °C with RPE conjugated
goat anti-human IgG (AbD seroTec #204009) diluted to 2.5 pg/m! in PBS with 0.2
% BSA and 0.09 % NaNj3. Cells were washed, resuspended in 200 ul PBS with 0.2
% BSA and 0.09 % NaN3, and transferred to a U-shaped 96 well Costar (Corning,
Schiphol-Rijik, The Netherlands) plate for flow cytometry using an Easy Cyte
device (Guava Technologies, Hayward, CA, USA).

Results:
In this experiment, all three clones recognize the cell lines, in a dose dependent
manner (see Figure 6C). F7 appears to bind slightly better to both cell lines when
compared to IN10 and C—9P2 1.

Example 3: Anti-CXCR4 antibodies interference with ligand binding

The four antibodies B-1M22, C-9P21, C-1124, and D-1K21 were tested on
scFv level for their CXCR4 specificity by their ability to bind to CXCR4 transfected
cells and to lymphoblastoid cells with constitutive expression of CXCR4 in the
presence and absence of two molecules specifically binding to CXCR4. One
molecule is SDF-1, the natural ligand to CXCRA4, the other one is AMD3100, a
peptide derived highly specific competetive inhibitor to SDF-1a binding to CXCR4,

Materials and Methods:

Jurkat and Ramos cells were maintained as described above.

The scFv clones were expressed in large scale and purified as monomer
fraction by SEC fractionation. The natural CXCR4" expressing cell lines Jurkat and
Ramos were harvested from the culture flasks, washed 2 times with PBS

supplemented with 0.2 % BSA and 0.09% NaN; buffer and aliquoted at 1 x10° cells
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per well into V-shaped 96-well plates (Greiner Bio-One, Frickenhausen, Germany).
Cells were pelleted by centrifugation (400g, 5 min) and then incubated for 60 min at
4°C with 1 pg SDF-1a (PeproTech EC, London, UK) and 50 pl scFv diluted to 10
pg/ml in PBS supplemented with 0.2 % BSA and 0.09% NaNj buffer, both added at
the same time to the cells. A sample without ligand or 157 ug AMD3100 served as
control for the specificity of CXCR4 since AMD3100 only binds to this receptor.
AMD3100 was added simultaneously with the scFv to the cells. The supernatants
were aspirated after a centrifugation step at 400g for 5 min and the cells were
washed another two times with 100 ul PBS supplemented with 0.2 % BSA and
0.09% NaN3; and centrifugation steps (5 min at 400g) before incubation for 1 hr at 4
°C with 50 pl of in-house produced anti-cMyc diluted to 2.5 pg/ml in PBS
supplemented with 0.2 % BSA and 0.09% NaNj. After washing three times with
PBS supplemented with 0.2 % BSA and 0.09% NaNj, the cells were stained with
rPE~conjugated Goat anti-mouse IgG (BD Biosciences) diluted to 5 pg/ml in with
PBS supplemented with 0.2 % BSA and 0.09% NaNj3 and incubated for 30 minutes
at 4°C. The cells were washed again and re-suspended in 200 pl PBS with 0.2%
BSA and 0.09% NaN3 and transferred to a U-shaped 96-well plate (Corning) for
flow cytometry using an EasyCyte device (Guava Technologies, Hayward, CA,
USA).

Three of the four clones, B-1M22 being the exception, show specific binding
to both cell lines. All three binding clones are also inhibited by both SDF-1 and
AMD3100 although the degrees of competition are varying (see Figure 7A (Jurkat
cells) and Figure 7B (Ramos cells). This suggests that the clones are binding to
roughly the same binding sites as the natural ligand and may have a biological
effect. For B-1M22, the level of binding is too low to allow statements on binding or
competition. However, as shown in the following examples, B-1M22 is one of the
best binders described herein in binding CXCR4 on CCRF-CEM cells (see
Examples 4 and Figure 8A). Again, it is believed that the tendency of CXCR4 to
develop somewhat different conformations depending on the cell line expressing it,

is the explanation behind the data obtained with B-1M22. It can be noted that C-
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9P21 and C1124 show excellent binding to all cell types tested suggesting that they
have the capability to bind to CXCR4 in multiple conformations which may well be

advantageous.

In a further experiment, as described below, the three antibodies 9N10, C-
9P21 and F7 were tested on IgG level for their CXCR4 specificity by their ability to
bind to CCRF-CEM cells naturally expressing CXCR4 in the presence and absence
of SDF-1, a molecule specifically binding to CXCR4.

Materials and Methods:

CCRF-CEM were maintained as described above.
Cells of the natural CXCR4" expressing cell line CCRF-CEM were harvested from
the culture flasks, washed 2 times with PBS supplemented with 0.2 % BSA and
0.09% NaNj buffer and aliquoted at 1x 10° cells per well into V-shaped 96-well

plates (Greiner Bio-One, Frickenhausen, Germany). Cells were pelleted by
centrifugation (350g, 5 min) and then incubated for 60 min at 4°C with 4, 1, 0,5 pg
SDF-1a (PeproTech EC, London, UK) and 50 pl IgG diluted to 2 pg/ml in PBS
supplemented with 0.2 % BSA and 0.09% NaNj; buffer, both added at the same time
to the cells. Samples without ligand served as control. The supernatants were
aspirated after a centrifugation step at 350g for 5 min and the cells were washed
another two times with 150 pl PBS supplemented with 0.2 % BSA and 0.09% NaN;
and centrifugation steps (5 min at 350g) before being stained with RPE-conjugated
goat anti-human IgG (AbD seroTec #204009) diluted to 2.5 ug/ml in with PBS
supplemented with 0.2 % BSA and 0.09% NaN; and incubated for 30 minutes at
4°C. The cells were washed again and re-suspended in 200 pl PBS with 0.2% BSA
and 0.09% NaNj and transferred to a U-shaped 96-well plate (Corning) for flow
cytometry using an EasyCyte device (Guava Technologies, Hayward, CA, USA).

Results:
Both clones, C-9P21 and 9N10 show specific binding to CCRF-CEM cell
line. Both clones are also inhibited by SDF-1 (see Figure 7C). It should be noted that
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in this experiment, F7 shows the best binding to the cells as judged by the highest

absolute signal.

Example 4: Conversion of antibody candidates into IgG Format

For comparison of the biological activity of the identified anti-CXCR4
antibodies, B-1M22, C-1124, C-9P21 and D-1K21 and 9N10 were converted into
full length IgG1 antibody format. As a control, antibody F7 was generated. The F7
antibody is described to bind to CXCR4 (see W02008/060367 by Medarex). The
sequence of the VH and VL chains of the F7 antibody are provided in SEQ ID NO:
25 and SEQ ID NO: 29 of W02008/060367. In order to produce this antibody in an
IgG1 format, an optimized nucleotide sequence was deduced from the amino acid
sequence for the antibody F7 as it was described in patent WO2008/060367 (VH:
SEQ ID NO: 25 and VL: SEQ ID NO: 29). This sequence was then synthesized,
cloned into the Human IgG1/Kappa format as described by Norderhaug et al (JIM
204:27-87, 1997), expressed in HEK293 cells and subsequently purified by Protein
A. To confirm that the IgGs were retaining their ability to bind to CXCR4 positive
cells, all IgGs were assessed on CCRF-CEM cells which naturally express CXCR4.

Materials and Methods:

The genes encoding the corresponding variable domains were cloned into the

mammalian expression vector pLNO comprising the genes for human constant
domains (Norderhaug ef al, supra).

The antibodies were expressed in a cell factory, and the first harvest was
purified on a protein A column and fractionated into monomer by size exclusion
chromatography.

The natural CXCR4" expressing cell line CCRF-CEM was harvested from
the culture flasks, washed 2 times with PBS supplemented with 0.2 % BSA and
0.09% NaNj buffer and aliquoted at 1x10° cells per well into V-shaped 96-well
plates (Greiner Bio-One, Frickenhausen, Germany). Cells were pelleted by
centrifugation (400g, 5 min) and then incubated for 60 min at 4°C with 50 pl IgGs
diluted to 10 pg/ml in PBS supplemented with 0.2 % BSA and 0.09% NaNj buffer.
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The supernatants were aspirated after a centrifugation step at 400g for 5 min and the
cells were washed another two times with 100 ul PBS supplemented with 0.2 %
BSA and 0.09% NaNj each wash was followed by a centrifugation step (5 min at
400g). After, the cellé were stained for 30 minutes at 4 °C with 50 ul of rPE-
conjugated Goat anti-human IgG (AbD Serotec) diluted to 5 pg/ml in with PBS
supplemented with 0.2 % BSA and 0.09% NaN; and incubated for 30 minutes at
4°C. The cells were washed again and re-suspended in 200 ul PBS with 0.2% BSA
and 0.09% NaNj3 and transferred to a U-shaped 96-well plate (Corning) for flow
cytometry using an EasyCyte device (Guava Technologies, Hayward, CA, USA).

Results:

All tested clones retained their capability to bind to CXCR4 positive cells
(see Figure 8A for C-1124 and B-1M22 and Figure 8B for D-1K21 and C-9P21;
data for 9N10 not shown). It can also be noted from the EasyCyte curves of Figure
8 that in these experiments the clohes described herein show significantly better
binding to CXCR4 expressing CCRF-CEM cells than the F7 antibody (median
values 48.11 (F7), 179.03 (D-1K21), 626.43 (C-9P21), 910.58 (C-1124) and 1077.33
(B-1H22) compared to 3.11 (PBS negative control)).

Example S: Species Cross Reactivity

The antibody candidates were tested on scFv level for their ability to cross-

react with CXCR#4 from monkey and mouse.

Materials and Methods:

HEK?293T/17 cells were maintained as described above.

FACS-binding analyses (EasyCyte) were performed using HEK-293 cells
transiently transfected with plasmids encoding either, mouse (Gene bank accession

number BC031665) or monkey (Macaca mulatta) CXCR4 (NCBI Accession

" number NP_001036110). Two experiments were performed, one using a-cMyc and

PE-labelled goat anti-mouse IgG antibody, the second using a directly conjugated

RPE-c-Myc antibody for detection. In addition, cross-reactivity on IgG level was
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analysed. In the latter case, antibody binding was detected with PE-conjugated goat

anti-human IgG antibody.

Results:

D-1K21 showed good cross-reactivity with both mouse and monkey
CXCRA4. The scFv variants B-1M22, C-9P21 and C-1124 also showed good cross-
reactivity with monkey antigen but low (B-1M22) to intermediate (C-1124, C-9P21)
reactivity with mouse. CXCR4. (see Figure 9). 9N10 was also tested, and showed to
have the same cross-reactivity pattern as C-9P21, with slightly higher absolute

values for binding.

Example 6: Inhibition of Ligand-Induced Signalling via CXCR4
The anti-CXCR4 antibodies B-1M22, C-1124, C-9P21 and D-1K21 were
tested on both scFv and IgG level for their ability to influence SDF-1a ligand

induced Ca™ flux. 9N10 was only tested on IgG level. The experiment was
performed using the naturally CXCR4" positive cell line CCRF-CEM.
In a first step the optimal antibody concentrations were determined by

titrating the antibodies on the CCRF-CEM cells.

Materials and Methods:'_

CCRF-CEM cells were maintained as described above.

. The natural CXCR4" expressing cell line CCRF-CEM was harvested from
the culture flasks, washed 2 times with PBS supplemented with 0.2 % BSA and
0.09% NaNj3 buffer and aliquoted at 1x1 0° cells per well into V-shaped 96-well
plates (Greiner Bio-One, Frickenhausen, Germany). Cells were pelleted by
centrifugation (400g, 5 min) and then incubated for 60 min at 4°C with 50 pl IgGs
diluted to a starting concentration of 10 pg/ml and further titrated with 2-fold
dilutions 11 times in PBS supplemented with 0.2 % BSA and 0.09% NaNj buffer.
The supernatants were aspirated after a centrifugation step at 400g for 5 min and the
cells were washed another two times with 100 ul PBS supplemented with 0.2 %

BSA and 0.09% NaNj3 each wash was followed by a centrifugation step (5 min at
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400g). After, the cells were stained for 30 minutes at 4 °C with 50 pl of rPE-
conjugated Goat anti-human IgG (AbD Serotec) diluted to 5 pg/ml in with PBS
supplemented with 0.2 % BSA and 0.09% NaNj and incubated for 30 minutes at
4°C. The cells were washed again and re-suspended in 200 ul PBS with 0.2% BSA
and 0.09% NaNj and transferred to a U-shaped 96-well plate (Corning) for flow
cytometry using an EasyCyte device (Guava Technologies, Hayward, CA, USA).

Results:

As a result, the concentrations of antibodies determined for use in the
competition experiment were 10 pg/ml or 100 pg/ml for IgGs (with the exception of
9N10 where the concentations were 1 pg/ml or 10 pug/ml) (data not shown) and 4
pg/ml for scFvs (see Figure 10).

After the correct concentrations were identified, the actual competition

experiment was performed.

Materials and Methods:
The CCRF-CEM target cells, were harvested by centrifugation and washed
twice in RPMI-1640 culture medium. Either 1 ml with 2.5x10° cells (for IgGs) or 10

ml with 2.5x107 cells (for scFvs) were mixed with Fluo-4-AM (acetoxymethyl ester;
Invitrogen), Pluronic F-127 (Invitrogen) and Probenecid to final concentrations of 1
uM, 0.02% and 1mM respectively. The cells were incubated at 37 °C for 60 min on
a vertical rotating whcei (7 rpm). All: subsequent steps were done in the presence of
| mM Probenecid. The cells were washed twice in RPMI-1640 with 10% fetal calf
serum (FCS), once in an assay buffer (145 mM NaCl, 4 mM KC], 1 mM NaH;POy,
0.8 mM MgCl,, 25 mM Hepes, 22 mM glucose) and then resuspended to a final
density of 4x10° cells/ml. Equal volumes of cells, assay buffer with or without
antibodies and ligand (SDF-1a) were mixed. The first two components (cells and
antibodies) were pre-incubated for 15 min prior to adding the ligand, SDF-1a (final
concentration 50 ng/ml). The final concentrations of antibodies were 10 ug/ml or
100 pg/ml for IgGs and 4 pg/ml for scFvs. The samples were immediately analyzed
using the 515-545 nm band péss filter on a FACSCanto II (BD Biosciences). The
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areas under the curves (AUC) were integrated using software Prism (GraphPad) and

plotted as percentage of AUC for maximal stimulation with SDF-1, alone,

Results:

At the scFv level, strong antagonistic activity was demonstrated by the
variants C-9P21 and D-1K21. C-1124 displayed also some antagonistic effect. No
activity was demonstrated by B-1M22 (Figure 11A).

" On the IgG level, inhibition of SDF-1a-induced signalling was demonstrated
by four out of five tested antibodies: B-1M22, C-1124, C-9P21 and 9N10 (Figure
11B, C, D and E). For unknown reasons, the variant D-1K21 appeared to be only
marginally inhibitory at high concentration in IgG format. |

In addition, none of the antibodies was able to induce signalling by itself, 1.e.
the antibodies did not show agonistic activity (data not shown).

In conclusion, it was shown that all the antibodies displayed an antagonistic
effect on Ca™* signalling induced by‘SDFla binding to CXCR4. C-9P21 and 9N10

had the most prominent effect.

In a further experiment, 9N10 was assayed at the IgG level for the ability to

reduce ligand induced calcium flux in comparison to C-9P21.

Material and Methods:

The experiment was performed as described above, but the antibodies were

used in a titration series with concentrations of 100, 20, 4, 0.8, 0.16, 0.032, 0.064
and 0.00128 pg/ml.

Results:

The results show that 9N10 is approximately eight times more efficient in the
inhibition of Calcium flux with an /Csy (nM) of 3.85 compared to an /Cso (nM) of 29
for C-9P21 (see Figure 12A and Figure 12B).
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Example 7: Inhibition of Ligand-Induced Cell Migration

The ability of scFv C-9P21 to reduce ligand-induced cell migration was
assessed in the CXCR4™ CCRF-CEM cell line. The anti-GFP scFv fragment was
used as a negative control and anti-cMyc antibody was used for cross-linking both

scFvs to mimic the effect of the antibodies in IgG format.

Materials and Methods:

CCRF-CEM cells were maintained as described above.

CCRF-CEM target cells were sedimented by centrifugation and washed
twice in RPMI-1640 culture medium without FCS. The cell density was then
adjusted to 1x10° cells/ml and 60 ml of this suspension was mixed with 38 ul
BATDA [bis(acetoxymethyl) 2,2":6',2"-terpyridine-6,6"-dicarboxylate] (Perkin
Elmer, Waltham, MA). The cells were incubated with BATDA at 37 °C for 20 min
with mixing by gently inverting the vessel every 10 min. The cells were washed
three times in RPMI-1640 with 20% FCS, and then re-suspended in RPMI-
1640/20% FCS to a final density 2x10’ cells/ml. The labelled cells were mixed with
an equal volume of medium containing 10% FCS, anti-c-myc antibody (cloné 9E10)
and serial 1/2 dilutions of scFv C-9P21, thus resulting in final antibody
concentrations of 20 pg/ml and 32 pg/ml to 16 ng/ml for anti-cMyc IgG and scFv C-
OP21, respectively. Anti-GFP scFv was used at 32 ug/ml as a negativé control in
combination with 20 pg/ml anti-cMyc antibody. In parallel, 30 ul of RPMI
containing 0.15 nM SDF-1a ligand was added into the lower compartment of a
ChemoTX 96 well Boyden chamber plate (Neuro Probe, Gaithersburg, MD). 50 ul
of the antibody-coated BATDA-labelled cells were then added to the upper
compartment of the ChemoTX 96 chamber plate and incubated in presence at 37 °C
for 2.5 hr. The cells above the filter were then removed and the filter was washed
with PBS followed by centrifugation of the plate to collect all the cells in the lower
chamber before removing the filter. The plate was then inverted on the top of a V-
shaped plate followed by centrifugation. The cells in the V-shaped plate were
washed with 100 pl PBS, sedimented by centrifugation and re-suspended in 35 pl
PBS with 1.3% Triton X-100. The samples were transferred to a black 96-well

microtiter plate, mixed with 200 pl Europium Solution (Perkin Elmer), and analyzed
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for fluorescence (excitation at 340 nm, emission at 613 nm, lag-time 0.4 ms and
integration time 0.4 ms) using a TECAN M200 plate reader. For each antibody
concentration, the ratio of signals in presence/absence of scFv and the percentage of
migration inhibition was calculated. The data were plotted and analysed by non-
linear regression curve fit using the “log(inhibitor) vs. response” model of software
Prism (GraphPad).

Results:

The data demonstrates inhibition of SDF-1-induced chemotaxis of CCRF-
CEM cells in the presence of anti-CXCR4 scFv C-9P21 (see Figure 13). Under these
conditions, the ICsq value (antibody concentration leading to 50% inhibition of cell
migration) was calculated as 2.9 ug/ml and 100% inhibition was reached at a scFv -
concentration 20 pg/ml. The anti-GFP scFv fragment (negative control) showed no
inhibition of cell migration (data not shown).

Thus, the C-9P21 antibody in an scFv format inhibits ligand induced
migraﬁon of CXCR4" CCRF-CEM cells with an ICsq value of 2.9 ug/ml (~100 nM)
and demonstrates 100% inhibition at 20 pg/ml (0.7 uM).

Example 8: Induction of Antibody Dependent Cellular Cytotoxicity (ADCC)

One potential mechanism by which an antibody can be therapeutically useful
is the ability to mediate ADCC of CXCR4 expressing target cells, if killing the
target cell is the preferred mode of action. This was tested using CCRF-CEM cells
which are derived from T cell lymphoma and have constitutive expression of
CXCRA4. The selected antibodies were tested both as scFv fragments cross-linked
with anti-cMyc antibody and as fully human IgG1 antibodies.

Materials and Methods:

CCRF-CEM cells were maintained as described above.

CCRF-CEM target cells, were sedimented by centrifugation and washed
twice in RPMI-1640 medium. 2.5x10° cells/ml was mixed with calcein-AM
(Invitrogen) to a final concentration of 10 pM and incubated at 37 °C for 30 min.
The cells were washed three times in RPMI-1640 medium supplemented with 10%

AR
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FCS and the cell density was adjusted to 3x10° cells/m]. Human PBMCs were
prepared from fresh donor blood by Lymphoprep (Axis-Shield, Liverpool, UK)
density gradient centrifugation, washed in RPMI-1640/10% FCS and stored frozen
in RPMI with 10% FCS and 10% DMSO at density 3x10 cells/ml in liquid
nitrogen. The effector cells were thawed on day of the experiment, washed in RPMI
with 10% FCS and resuspended at density 6x10° cells/ml. Fifty pl of each target and
effector cells were mixed in the same wells of a 96-well microtiter plate thus
providing an effector-to-target (E:T) cell ratio of 20:1. The antibodies in 1gG1
format were added to the same wells in a volume of 100 ul resulting in a
concentration range of 0.8 to 1000 ng/ml. Accordingly, the scFv fragments were
added in 20 pl volume for final concentrations from 2.5 to 5x10* ng/ml, after having
before being pre-mixed with an excess (20 pg/ml) of anti-cMyc chimeric (mouse
variable/human constant) IgG1 antibody (derived from hybridoma 9E10). The
microtiter plate was incubated for 4 hrs at 37 °C. After 3 hrs and 45 min incubation,
20 pl 0.9% Triton-X100 was added to control wells to achieve complete lysis of the
target cells (maximal lysis). 100 ul supernatant of each sample was then transferred
into a black microtiter plate and the fluorescence (excitation at 488 nm, emission at
518 nm) was recorded using a TECAN M200 plate reader. Each experiment was
carried out in quadruplicates. The fluorescence intensity of the samples without
antibodies was subtracted as a background and the percentage of specific lysis in
samples with antibodies was calculated. The dose-response curves were computed
by nonlinear regression analysis and a three-parameter fit model using Prism

software (GraphPad).

Results:

The results shown in Figure 14 demonstrate that all tested anti-CXCR4
antibodies were able to induce ADCC both as scFv and full-length IgGs in the
presence of human PBMCs with maximum killing approaching 100%. The tested
scFvs and IgGs can be ranked according to their maximal killing as follows: C-9P21
> D-1K21 (scFv); and B-1M22 > C-1124 ~ C-9P21 > D-1K21 (IgG) (see also Table
A).
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Table A. Comparative ADCC activity of the tested anti-CXCR4 antibodies.

) Max killing (%) ECsp (ng/mL)
Antibody -
scFv IgG scFv IgG
B-1M22 ND 100 ND 115.7 (0.8 nM)
C-1124 ND 65 ND 49.2 (0.3 nM)
C-9P21 96.4 63.5 2.7(0.09nM) | 1852.0(12.3 nM)
D-1K21 68.6 25.7 18.8 (0.7 nM) | 79.9 (0.5 nM)
ND, not done.

Thus, all anti-CXCR4 antibodies tested demonstrated ADCC activity against
CCRF-CEM cells with B-1M22 and C-9P21 demonstrating the greatest maximum

cell killing,

Example 9: Inductioh‘of Complement Dependent Cellular Cytotoxicity (CDC)

To test whether the anti-CXCR4 IgGs described herein are able to mediate

complement dependent cytotoxicity, CDC experiments have been performed using

Ramos cells which are derived from Burkitt’s B-cell lymphoma and have

constitutive expression of CXCR4.

Materials and Methods:

Ramos cells were maintained as described above.

The ability of B-1M22, C-1124, C-9P21 and D-1K21 IgGs to induce CDC

was assessed on the natural CXCR4" Ramos cell line. The Ramos cells, were

sedimented by centrifugation and washed twice in RPMI-1640 culture medium.

2.5x10% cells/ml was mixed with calcein-AM (Invitrogen) to a final concentration of

10 puM and then incubated at 37 °C for 30 min. The cells were washed three times in
RPMI-1640 with 10% FCS .and the cell density was adjusted to 4x10° cells/mL. A

25 pl aliquot of labelled target cells and 25 pl of human serum were mixed in the

wells in a 96—well microtiter plate. Dilutions of the antibodies (all in IgG format)

were added to the same wells in 50 pl volume thus resulting in a final antibody

concentration ranging from 5x107 to 5x10* ng/ml. Twenty pl 0.9% Triton-X100

was added to control wells to achieve complete lysis of the target cells (maximal
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lysis defining 100%). The microtiter plate was incubated for 1 hr at 37 °C. One
hundred pl RPMI-1640 with 10% FCS was added to all wells followed by
centrifugation and trapsfér of 100 pl supernatant of each sample to a black microtiter
plate. The fluorescence (ex:_citatioh at 488 nm, emission at 518 nm) was recorded
using a TECAN M2OO plate reader. Each experiment was carried out in
quadruplicates. The ﬂuorescence'intensity of the samples without antibodies was
subtracted as a background and the percentage of specific lysis in samples with
antibodies was calculated. The dose-response curves were computed by nonlinear
regression analysis and a three-parameter fit model using Prism software

(GraphPad).

Results:

The results shown in Figure 15A and Figure 15B demonstrated that the
antibody C-1124 was able to induce CDC in presence of human serum. C-1124
showed an ECsq value of 0.7 pg/mL and maximum killing of 100%. Some CDC
activity was also observed for the variant B-1M22, however, only at very high
concentration (100 pg/ml). F7 was used as a positive control antibody.

Thus, of the antibodies described herein, two antibodies, C-1124 and B-
1M22, demonstrated CDC activity against Ramos cells. C-1124 showed superior
CDC activity.

Example 10: Induction of Apoptosis

The ability of anti-CXCR4 antibodies to induce apoptosis was assessed on

the CXCR4" Ramos cell line.

Materials and Methods:

Ramos cells were cultivated as described above.

The Ramos cells were harvested by centrifugation, washed twice in RPMI-
1640 culture medium with 10% FCS and resuspended in RPMI-1640 medium with
10% FCS to a density of 3><.105 cells/ml. The cell suspension (250 pl) was mixed
with the same volume of either antibody to be tested in dilutions (final concentration

of 0.08 to 10 pg/ml) or staurosporin (25 nM) in wells of a 24-well plate and
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incubated at 37 °C for 48 hrs. The cells were collected by centrifugation and washed
in Annexin V Binding Buffer (10 mM Hepes, 140 mM NaCl, 2.5 mM CaCl,, 0.2%
BSA, pH 7.4). The cells were harvested again and resuspended in 300 pl Annexin V
Binding Buffer. Both FITC-conjugated Annexin V and propidium iodide (PI) were
mixed with 240 pl cell suspension resulting in a final concentration of PI of 0.2
ug/ml. The samples were analyzed immediately after adding the ligand using the
515-545 nm and 610/20 nm band pass filters on a FACSCanto II flow cytometer
(BD Biosciences). The apoptotic cells were defined as Annexin V positive / PI

negative and the dead cells were defined as PI positive.

Results: .

The results presented in Figure 16A (B-1M22, C-1124, C-9P21 and D-1K21)
demonstrate that no apoptosis was induced above the background level (negative
control level), marked O in Figure 16A, in the presence of the antibodies B-1M22,
C-1124, C-9P21, and D-1K21. In contrast, the control IgG1 F7 induced apoptosis at
all concentrations used in the assay. The results presented in Figure 16B
demonstrate that antibodies C-9P21 and 9N10 do not induce significant apoptosis.

Thus, these results demonstrate the antibodies described herein do not induce
apoptosis of CXCR4-positive cells, which may provide a potentially superior side

effect profile in comparison with F7.
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Table 1
SEQ | scFv C-9P21
ID
NO:
25 Heavy QVQLQESGGGLVHPGGSLRLSCAASGFTFS
chain
FR1:
1 CDR 1: SYWMH
26 FR 2 WVRQAPGKGLVWVS
2 CDR 2: RINSDGSSTSYADSVKG
27 FR 3: RFTISRDNAKNTLYLQMNSLRAEDTAVYYCAR
3 CDR 3: KILGVGARSRRYFDY
28 FR 4: WGQGTMVTVSS
29 Linker: KLSGSASAPKLEEGEFSEARV
30 Light ETTLTQSPGTLSLSPGERATLSC
chain
FR1:
4 CDR 1: RASQSVVSNYLA
31 FR 2 WYQQKPGQAPRLLIS
5 CDR 2: GASNRAT
32 FR 3: GISDRFSGSGSGADFTLTISRVEPEDSAVYYC
6 CDR 3: QQFDKSTWT
33 FR 4: FGQGTKVEIK
34 scFy C- CAGGTGCAGCTGCAGGAGTCCGGGGGAGGCTTAGTTCACCCTGGGGGGTC
9P21n.a CCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTACTGGA
- TGCACTGGGTCCGCCAAGCTCCAGGGAAGGGGCTGGTGTGGGTCTCACGT
ATTAATAGTGATGGGAGTAGCACAAGCTACGCGGACTCCGTGAAGGGCCG
ATTCACCATCTCCAGAGACAACGCCAAGAACACGCTGTATCTGCAAATGA
ACAGTCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAAAAATC
TTGGGGGTGGGAGCTAGGTCTCGTCGTTACTTTGACTACTGGGGCCAGGG
AACAATGGTCACCGTCTCTTCAAAGCTTTCAGGGAGTGCATCCGCCCCAA
AACTTGAAGAAGGTGAATTTTCAGAAGCACGCGTAGAAACGACACTCACG
CAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCACCCTCTC
CTGCAGGGCCAGTCAGAGTGTTGTCAGCAACTATTTAGCCTGGTACCAGC
AGAAGCCTGGCCAGGCTCCCAGGCTCCTCATCTCTGGTGCATCCAACAGE
GCCACTGGCATCTCAGACAGGTTCAGTGGCAGTGGGTCTGGGGCAGACTT
CACTCTCACCATCAGCAGAGTCGAGCCTGAAGACTCAGCAGTGTATTACT
GTCAACAGTTTGATAAGTCCACGTGGACGTTCGGCCAAGGGACCAAGGTG
GAAATCAAA
35 scFv C- QVOLQESGGGLVHPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLVWVSR
9P21 a.a INSDGSSTSYADSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCARKI
" | LGVGARSRRYFDYWGQGTMVTVSSKLSGSASAPKLEEGEFSEARVETTLT
QSPGTLSLSPGERATLSCRASQSVVSNYLAWYQQK PGOAPRLLISGASNR
ATGISDRFSGSGSGADFTLTISRVEPEDSAVYYCQQFDKSTWTFGQGTKV
EIK
69 VH (aa) QVQLQESGGGLVHPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLVWVSR
INSDGSSTSYADSVKGRFTISRDNAKNTLYLQOMNSLRAEDTAVYYCARKI
LGVGARSRRYFDYWGQGTMVTVSS
70 VL () ETTLTQSPGTLSLSPGERATLSCRASQSVVSNYLAWYQQKPGQAPRLLIS
GASNRATGISDRFSGSGSGADFTLTISRVEPEDSAVYYCQQFDKSTWTFG
QGTKVEIK
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77

VH
domain

(nt)

CAGGTGCAGCTGCAGGAGTCCGGGGGAGGCTTAGTTCACCCTGGGGGGTC
CCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTACTGGA
TGCACTGGGTCCGCCAAGCTCCAGGGAAGGGGCTGEGTGTGGGTCTCACGT
ATTAATAGTGATGGGAGTAGCACAAGCTACGCGGACTCCGTGAAGGGCCG
ATTCACCATCTCCAGAGACAACGCCAAGAACACGCTGTATCTGCAAATGA
ACAGTCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAAAAATC
TTGGGGGTGGGAGCTAGGTCTCGTCGTTACTTTGACTACTGGGGCCAGGG
AACAATGGTCACCGTCTCTTCA

78

VL
domain

(nt)

GAAACGACACTCACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGA
AAGAGCCACCCTCTCCTGCAGGGCCAGTCAGAGTGTTGTCAGCAACTATT
TAGCCTGGTACCAGCAGAAGCCTGGCCAGGCTCCCAGGCTCCTCATCTCT
GGTGCATCCAACAGGGCCACTGGCATCTCAGACAGGTTCAGTGGCAGTGG
GTCTGGGGCAGACTTCACTCTCACCATCAGCAGAGTCGAGCCTGAAGACT
CAGCAGTGTATTACTGTCAACAGTTTGATAAGTCCACGTGGACGTTCGGC
CAAGGGACCAAGGTGGAAATCAAA
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Table 2
SEQID | scFv B-1M22
NO:
36 Heavy | QVQLVQSGAEVKKPGSSVKVSCKASGGTFS
chain
FR1: )
7 CDR 1: | syaIs
37 FR 2 WVRQAPGQGLEWMG
8 CDR 2: | GIIPIFGTANYAQKFQG
38 FR 3: RVTITADESTSTAYMELRSLRSDDTAVYYCAR
9 CDR 3: | DRERWLQSAGDY
39 FR 4: WGQGTLVTVSS
40 Linker: | KLSGSASAPKLEEGEFSEARV
41 Light QPVLTQSPSVSVAPGQTARITC
chain '
FR1:
10 CDR 1: | GGNNIGSKSVH
42 FR 2 WYQQOKPGQAPVLVVY
11 CDR 2: | DDSDRPS
43 FR 3: GIPERFSGSNSGNTATLTISRVEAGDEADYYC
12 CDR 3: | QVWDSSSDHWV
44 FR 4: FGGGTKLTVL
45 scFv B- | CAGGTCCAGCTTGTGCAGTC TGGGGCTGAGGTGAAGAAGCCTGGGTCCTCGG

1M22 TGAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGCTATCAG
CTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATC
n.a. CCTATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACGA
TTACCGCGGACGAATCCACGAGCACAGCCTACATGGAGCTGAGGAGCCTGAG
ATCTGACGACACGGCCGTGTATTACTGTGCGAGAGATCGGGAGAGATGGCTA
CAATCCGCGGGCGACTACTGGGGCCAGGGAACCCTGGTCACTGTCTCCTCAA
AGCTTTCAGGGAGTGCATCCGCCCCAAAACTTGAAGAAGGTGAATTTTCAGA
AGCACGCGTACAGCCTGTGCTGACTCAGTCACCCTCGGTGTCAGTGGCCCCA
GGACAGACGGCCAGGATTACCTGTGGGGGAAACAACATTGGAAGTAAAAGTG
TGCACTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCGTCTATGA
TGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCT
GGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCG
ACTATTACTGTCAGGTGTGGGATAGTAGTAGTGATCATTGGGCTGTTCGGCGG
AGGGACCAAGCTGACCGTCCTA

46 scFv B- | QVOLVQSGAEVKK PGSSVKVSCKASGGTFSSYAT SWVRQAPGQGLEWNMGGT I
|M22 | PIFGTANYAQKFQGRVTITADESTSTAYMELRSLRSDDTAVYYCARDRER
WLQSAGDYWGQGTLVTVS SKLSGSASAPKLEEGEFSEARVQPVLTQSPSV

a.a. SVAPGQTARITCGGNNIGSKSVHWYQQKPGQAPVLVVYDDSDRPSGIPER
FSGSNSGNTATLTISRVEAGDEADYYCQVWDSSSDHWVFGGGTKLTVL
71 VH(M) QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGLEWMGGIT
PIFGTANYAQKFQGRVTITADESTSTAYMELRSLRSDDTAVYYCARDRER
WLQSAGDYWGQGTLVTVSS
72 VQ4&) QPVLTQSPSVSVAPGQTARITCGGNNIGSKSVHWYQQKPGQAPVLVVYDD
SDRPSGIPERFSGSNSGNTATLTI-SRVEAGDEADYYCQVWDS SSDHWVFG
GGTKLTVL
79 VH CAGGTCCAGCTTGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCGG
domain TGAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGCTATCAG

t CTGGGTGCGACAGGCCCCTGGACAAGGGCTTCAGTGGATGGGAGGGATCATC
(n) CCTATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGGCAGAGTCACGA
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TTACCGCGGACGAATCCACGAGCACAGCCTACATGGAGCTGAGGAGCCTGAG
ATCTGACGACACGGCCGTGTATTACTGTGCGAGAGATCGGGAGAGATGGCTA
CAATCCGCGGGCGACTACTGGGGCCAGGGAACCCTGGTCACTGTCTCCTCA

80

VL
domain

(nt)

CAGCCTGTGCTGACTCAGTCACCCTCGGTGTCAGTGGCCCCAGGACAGAL
GGCCAGGATTACCTGTGGGGGAAACAACATTGGAAGTAAAAGTGTGCACT
GGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCGTCTATGATGAT
AGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGG
GAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCG
ACTATTACTGTCAGGTGTGGGATAGTAGTAGTGATCATTGGGTGTTCGGC
GGAGGGACCAAGCTGACCGTCCTA
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Table 3
SEQID | scFv C-1124
NO:
47 Heavy chain | QVOLVQSGGGVVQPGRSLRLSCAASGFTFS
FR1:
13 CDR 1: SYGMH
48 FR 2 WVRQAPGKGLEWVA
14 CDR 2: VISYDGSNKYYADSVKG
49 FR 3: RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK
15 CDR 3: DLPITRGTGADY
50 FR 4: WGQGTLVTVSS
51 Linker: KLSGSASAPKLEEGEFSEARV
52 Light chain | QSVLIQPASVSGSPGQSITISC
FR1: .
16 CDR 1: TGTSSDVGGYNYVS
53 FR 2 WYQQHPGKAPRLMIY
17 CDR 2: DVTSRPS
54 FR 3: GVSNRFSGSKSGNTASETISGLOAEDEADYYC
18 CDR 3: SSYAGSYSVV
55 FR 4: FGGGTKVTVL
56 scFv C-1124 | CAGGTCCAGCTGGTACAGTCTGGGGGAGGCGTGGTCCAGCCTGGGA
n.a GGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAG
e CTATGGCATGCACTGGGTCCGCCAGECTCCAGGCAAGGGGCTGGAG
TGGGTGGCAGTTATATCATATGATGGAAGTAATAAATACTATGCAG
ACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAA
. CACGCTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCT
GTGTATTACTGTGCGAAAGATCTTCCGATTACCCGCGGGACAGGGG
CTGACTACTGGGGCCAGGGAACCCTGGTCACTGTCTCCTCAAAGCT
TTCAGGGAGTGCATCCGCCCCAAAACTTGAAGAAGGTGAATTTTCA
GAAGCACGCGTACAGTCTGTCCTGATTCAGCCTGCCTCCGTGTCTG
GGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAG
TCACCTTGGTGGTTATAACTATGTCTCCTGGTATCAACAACACCCA
GGCAAAGCCCCCAGACTCATGATTTACGATGTCACTAGTCGGCCCT
CAGGGGTTTCGAATCGCTTCTCTGCCTCCAAGTCTGGCAACACGGC
CTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTAT
TACTGCAGTTCATATGCAGGCAGCTACAGCGTGGTATTCGGCGGAG
GGACCAAGGTCACCGTCCTA ‘
57 scFv C-1124 | OVOLVQSGGGVVQPGRSLRLSCAASGFTF SSYGMHWVRQAPGKGLE
a.a WVAVISYDGSNKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTA
e VYYCAKDLPITRGTGADYWGQGTLVTVSSKLSGSASAPKLEEGEFS
EARVQSVLIQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHP
GKAPRLMIYDVTSRPSGVSNRFSGSKSGNTASLTISGLQAEDEADY
YCSSYAGSYSVVFGGGTKVTVL
73 VH (aa) QVOLVQSGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLE
WVAVISYDGSNKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTA
VYYCAKDLPITRGTGADYWGQGTLVTVSS
74 VL (aa) QSVLIQPASVSGSPGQSITISCTGTSSDVCGYNYVSWYQQHPGKAP
RLMIYDVTSRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSS
YAGSYSVVFGGGTKVTVL
81 VH domain | CAGGTCCAGCTGGTACAGTCTGGGGGAGGCGTGGTCCAGCCTGGGA
(nt) GGTCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAG
CTATGGCATGCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCTGGAG
TGGGTGGCAGTTATATCATATGATGGAAGTAATAAATACTATGCAG
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ACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAA
CACGCTGTATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCT
GTGTATTACTGTGCGAAAGATCTTCCGATTACCCGCGGGACAGGGG
CTGACTACTGGGGCCAGGGAACCCTGGTCACTGTCTCCTCA

82

VL domain
(nt)

CAGTCTGTCCTGATTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGAC
AGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGG
TTATAACTATGTCTCCTGGTATCAACAACACCCAGGCAAAGCCCCC
AGACTCATGATTTACGATGTCACTAGTCGGCCCTCAGGGGTTTCGA
ATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCAT
CTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTACTGCAGTTCA
TATGCAGGCAGCTACAGCGTGGTATTCGGCGGAGGGACCAAGGTCA
CCGTCCTA
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Table 4
SEQID scFv D-1K21
NO:
58 Heavy | QVOLVOSGAEVKKPGASVKVSCKASGYTFT
chain
FR1:
19 CDR 1: |GYYMH
59 FR 2 WVRQAPGOGLEWMG
20 CDR 2: | RINPNSGGTNYAQKFQG
60 FR 3: RUTMTRDTSISTAYMELSRLRSDDTAVYYCAR
21 CDR 3: | RNLIAARPRNRGRDAFDI
61 FR 4: WGOGTMVTVSS
62 Linker. | KLSGSASAPKLEEGEFSEARV
63 Light DIOMTQSPSTLSASVGDRVTITC
chain
FR1:
27 CDR 1: | RASQSIGGSLA
64 FR 2 WYQOKPGKGPNLLIY
23 CDR 2: | AASTLQS
65 FR 3: GVPSRFSGSGSGTEFTLTISSLQPEDSATYYC
24 CDR 3: | QHYESYPLS
66 FR 4: FGGGTKLEIK
67 scFv D- | CAGGTCCAGCTTGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTC
1K21 AGTGAAGGTCTCCTGCAAGGCTTCTGGATACACCTTCACCGGCTACTATA
TGCACTGGGTGCGACAGGCCCCTGGACAAGGGCTTCGAGTGGATGGGACGG
n.a. ATCAACCCTAACAGTGGTGGCACAAACTATGCACAGAAGTTTCAGGGCAG
GGTCACCATGACCAGGGACACGTCCATCAGCACAGCCTACATGGAGCTGA
GCAGGCTGAGATCTGACGACACGGCCGTGTATTACTGCGCGAGGCGTAAC
CTGATAGCAGCTCGTCCCCGGAATCGGGGCAGGGATGCTTTTGATATCTG
GGGCCAAGGGACAATGGTCACCGTCTCTTCAAAGCTTTCAGGGAGTGCAT
CCGCCCCAAAACTTGAAGAAGGTGAATTTTCAGAAGCACGCGTAGACATC
CAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGTAGGAGACAGAGT
CACCATCACTTGCCGGGCCAGTCAGAGTATTGGTGGCTCGTTGGCCTGGT
ATCAGCAGAAACCAGGGAAAGGCCCTAACCTCCTGATCTATGCTGCATCC
ACTTTGCAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATCTGGGAC
AGAATTCACTCTCACAATCAGCAGCCTGCAGCCTGAAGATTCTGCAACTT
ACTACTGCCAACACTATGAAAGTTATCCCCTCTCTTTCGGCGGCGGGACC
AAGCTGGAGATCAAA
68 ScFv D- | QUVQLVQSGAEVKKPGASVKVSCKASGYTFTGY YMHWVRQAPGQGLEWNGR
1K21 INPNSGGTNYAQKFQGRVTMTRDTS I STAYMELSRLRSDDTAVY YCARRN
LIAARPRNRGRDAFDIWGQGTMVTVSSKLSGSASAPKLEEGEFSEARVDI
a.a OMTOSPSTLSASVGDRVTITCRASQSIGGSLAWYQQK PGKGPNLLIYAAS
TLOSGVPSRFSGSGSGTEFTLTISSLQPEDSATYYCQHYESYPLSFGGGT
KLEIK
75 Vi (aa) OVOLVQSGAEVKKPGASVKVSCKASGY TFTGYYMHWVRQAPGQGLEWMGR
INPNSGGTNYAQKFQGRVTMTRDTSISTAYMELSRLRSDDTAVYYCARRN
LIAARPRNRGRDAFDIWGQGTMVTVSS
76 VL @) DIQMTQSPSTLSASVGDRVTITCRASQSIGGSLAWYQQKPGKGPNLLIYA
ASTLQSGVPSRFSGSGSGTEFTLTISSLQPEDSATYYCQHYESYPLSFGG
GTKLEIK
83 VH CAGGTCCAGCTTGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTC
domain | AGTGAAGGTCTCCTGCAAGGCTTCTGGATACACCTTCACCGGCTACTATA
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(nt)

TGCACTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGACGG
ATCAACCCTAACAGTGGTGGCACAAACTATGCACAGAAGTTTCAGGGCAG
GGTCACCATGACCAGGGACACGTCCATCAGCACAGCCTACATGGAGCTGA
GCAGGCTGAGATCTGACGACACGGCCGTGTATTACTGCGCGAGGCGTAAC
CTGATAGCAGCTCGTCCCCGGAATCGGGGCAGGGATGCTTTTGATATCTG
GGGCCAAGGGACAATGGTCACCGTCTCTTCA

84

VL
domain

(nt)

GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGTAGGAGA
CAGAGTCACCATCACTTGCCGGGCCAGTCAGAGTATTGGTGGCTCGTTGG
CCTGGTATCAGCAGAAACCAGGGAAAGGCCCTAACCTCCTGATCTATGCT
GCATCCACTTTGCAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATC
TGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCTGAAGATTCTG
CAACTTACTACTGCCAACACTATGAAAGTTATCCCCTCTCTTTCGGCGGC
GGGACCAAGCTGGAGATCAAA
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Table 5
SEQ | scFvO9N10
'ID
NO:
250r | Heavy QVQLQESGGGLVHPGGSLRLSCAASGFTFS
91 chain
FR1:
1or CDR 1: SYWMH
85
26 or | FR2 WVRQAPGKGLVWVS
92
2 or CDR 2: RINSDGSSTSYADSVKG
86
270or | FR 3: RFTISRDNAKNTLYLQMNSLRAEDTAVYYCAR
93
3 or CDR 3: KILGVGARSRRYFDY
87
28 or | FR 4: WGQGTMVTVSS
94
95 Linker: KLSGSASAPKLEEGEFSEARV
96 Light DIVLTQTPDSLAVSLGETTTINC
chain
FR1:
88 CDR 1: KSSQSVLHSSNNKNYLA
97 FR 2 WYQQKPGQPPKLLIY
89 CDR 2: WASTRES
98 FR 3: GVPDRFSGSGSGTDFTLTISNLQPEDVAFYYC
90 CDR 3: LQYSTFPRT
330or |FR4: FGQGTKVEIK
99
100 scFv CAGGTGCAGCTGCAGGAGTCCGGGGGAGGCTTAGTTCACCCTGGGGGGTC
ON]10n.a. | CCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTACTGGA
| TGCACTGGGTCCGCCAAGCTCCAGGCGAAGGCGCTGGTGTGGGTCTCACGT
ATTAATAGTGATGGGAGTAGCACAAGCTACGCGGACTCCGTGAAGGGCCG
ATTCACCATCTCCAGAGACAACGCCAAGAACACGCTGTATCTGCAAATGA
ACAGTCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAAAAATC
TTGGGEGETGGGAGCTAGGTCTCGTCGTTACTTTGACTACTGGGGCCAGGG
AACAATGGTCACCGTCTCTTCAAAGCTTTCAGGGAGTGCATCCGCCCCAA
AACTTGAAGAAGGTGAATTTTCAGAAGCACGCGTAGATATTGTGCTGACC
CAGACTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGACGACCACCATCAA
CTGCAAGTCCAGCCAGAGTGTTTTACACAGCTCCAACAATAAGAACTACT
TAGCTTGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCTCATTTAC
TGGGCATCTACCCGGGAATCCGGGGTCCCTGACCGATTCAGTGGCAGCGE
GTCTGGGACAGATTTCACTCTCACCATCAGCAACCTGCAGCCTGAAGATG
TGGCTTTTTACTACTGTCTGCAATATTCTACTTTTCCTCGGACGTTCGGC
CAAGGGACCAAGGTGGAGATCAAA
101 scFv OVQLQESGGGLVHPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLVWVSR
9N10 a.a INSDGSSTSYADSVKGRFTISRDNAKNTLYLOMNSLRAEDTAVYYCARKI
| LGVGARSRRYFDYWGQGTMVTVSSKLSGSASAPKLEEGEFSEARVDIVLT
QTPDSLAVSLGETTTINCKSSQSVLHSSNNKNYLAWYQQKPGQPPKLLIY
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WASTRESGVPDRFSGSGSGTDFTLTISNLQPEDVAFYYCLQYSTFPRTFG
QGTKVEIK
69 or | Vi (aa) QVQLQESGGGLVHPGGSLRLSCAASGFTFSSYWMHWVRQA PGKGLVWVSR
102 INSDGSSTSYADSVKGRFTISRDNAKNTLYLQMNSLRAEDTAVYYCARKI
_ LGVGARSRRYFDYWGQGTMVTVSS
103 VL (ea) DIVLTQTPDSLAVSLGETTTINCKSSQSVLHESSNNKNYLAWYQQK PGQPP
KLLIYWASTRESGVPDRFSGSGSGTDFTLTISNLQPEDVAFYYCLQYSTF
PRTFGQGTKVEIK
770or | VH CAGGTGCAGCTGCAGGAGTCCGGGGGAGGCTTAGTTCACCCTGGGGGGTC
104 domain CCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTACTGGA
¢ TGCACTGGGTCCGCCAAGC TCCAGGGAAGGGGCTGGTGTGGGTCTCACGT
(nt) ATTAATAGTGATGGGAGTAGCACAAGCTACGCGGACTCCGTGAAGGGCCG
ATTCACCATCTCCAGAGACAACGCCAAGAACACGCTGTATCTGCAAATGA
ACAGTCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAAAAATC
TTGGGGGTGGGAGCTAGGTC TCGTCGTTACTTTGACTACTGGGGCCAGGG
AACAATGGTCACCGTCTCTTCA '
105 VL GATATTGTGCTGACCCAGACTCCAGACTCCCTGGCTGTGTCTCTGGGCGA
domain GACGACCACCATCAACTGCAAGTCCAGCCAGAGTGTTTTACACAGCTCCA
¢ ACAATAAGAACTACTTAGCTTGGTACCAGCAGAAACCAGGACAGCCTCCT
() AAGCTGCTCATTTACTGGGCATCTACCCGGGAATCCGGGGTCCCTGACCG
ATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAACC
TGCAGCCTGAAGATGTGGCTTTTTACTACTGTCTGCAATATTCTACTTTT
CCTCGGACGTTCGGCCAAGGGACCAAGGTGGAGATCAAA
SEQ ID NO: 91 is identical to SEQ ID NO: 25
SEQ ID NO: 85 is identical to SEQ ID NO: 1
SEQ ID NO: 92 is identical to SEQ ID NO: 26
SEQ ID NO: 86 is identical to SEQ ID NO: 2
SEQ ID NO: 93 is identical to SEQ ID NO: 27
SEQ ID NO: 87 is identical to SEQ ID NO: 3
SEQ ID NO: 94 is identical to SEQ ID NO: 28
SEQ ID NO: 99 is identical to SEQ ID NO: 33
SEQ ID NO: 102 is identical to SEQ ID NO: 69

SEQ ID NO:

104 is identical to SEQ ID NO: 77
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Table 6 1gG sequences of C-9P21

SEQ ID
NO: 106

IgG1 heavy
chain (nt)

CAGGTGCAGCTGCAGGAGTCCGGGGGAGGCTTAGTTCACCCTGGGGGET
CCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTACTG
GATGCACTGGGTCCGCCAAGCTCCAGGGAAGGGGCTGGTGTGGGTCTCA
CGTATTAATAGTGATGGGAGTAGCACAAGCTACGCGGACTCCGTGAAGG
GCCGATTCACCATCTCCAGAGACAACGCCAAGAACACGCTGTATCTGCA
AATGAACAGTCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGA
AAAATCTTGGGGGTGGGAGCTAGGTCTCGTCGTTACTTTGACTACTGGG
GCCAGGGAACAATGGTCACCGTCTCTTCAGCCTCCACCAAGGGCCCATC

'GGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCG

GCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGT
CGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGT
CCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCC
TCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGC
CCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGTGACAA
AACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCG
TCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCC
GGACCCCTGAGGTCACATGCGTGGTGGTCGACGTGAGCCACGAAGACCC
TGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCC
AAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCA
GCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAA
GTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATC
TCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCC
CATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGT
CAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGG
CAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACG
GCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCA
GCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAAC
CACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA

SEQID
NO: 107

Kappa light
chain

(nt)

GAAACGACACTCACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGG
AAAGAGCCACCCTCTCCTGCAGGGCCAGTCAGAGTGTTGTCAGCAACTA
TTTAGCCTGGTACCAGCAGAAGCCTGGCCAGGCTCCCAGGCTCCTCATC

TCTGGTGCATCCAACAGGGCCACTGGCATCTCAGACAGGTTCAGTGGCA

GTGGGTCTGGGGCAGACTTCACTCTCACCATCAGCAGAGTCGAGCCTGA
AGACTCAGCAGTGTATTACTGTCAACAGTTTGATAAGTCCACGTGGACG
TTCGGCCAAGGGACCAAGGTGGAAATCAAACGAACTGTGGCTGCACCAT
CTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGC
CTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTA
CAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTG
TCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCT
GACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAA
GTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGG
GAGAGTGT

SEQ ID
NO:108

IgG1 heavy
chain (aa)

QVQLQESGGGLVHPGGSLRLSCAASGFTFSSYWMHWVRQAPGKGLVWVS
RINSDGSSTSYADSVKGRFTISRDNAKNTLYLOMNSLRAEDTAVYYCAR
KILGVGARSRRYFDYWGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVF SCSVMHEALHN
HYTQKSLSLSPGK

SEQID
NO: 109

Kappa light
chain

(az)

ETTLTQSPGTLSLSPGERATLSCRASQSVVSNYLAWYQQKPGQAPRLLT
SGASNRATGISDRFSGSGSGADFTLTISRVEPEDSAVYYCQQFDKSTWT

FGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKV
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QWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACE
VTHQGLSSPVTKSFNRGEC
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Table 7 IgG sequences of B-1M22

SEQID
NO: 110

IgGl1
heavy
chain (nt)

CAGGTCCAGCTTGTGCAGTCTGGGCGCTGAGGTGAAGAAGCCTGGGTCC
TCGGTGAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTAT
GCTATCAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATG
GGAGGGATCATCCCTATCTTTGGTACAGCAAACTACGCACAGAAGTTC
CAGGGCAGAGTCACGATTACCGCGGACGAATCCACGAGCACAGCCTAC
ATGGAGCTGAGGAGCCTGAGATCTGACGACACGGCCGTGTATTACTGT
GCGAGAGATCGGGAGAGATGGCTACAATCCGCGGGCGACTACTGGGGC
CAGGGAACCCTGGTCACTGTCTCCTCAGCCTCCACCAAGGGCCCATCG
GTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCG
GCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTG
TCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCT
GTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTG
CCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCAC
AAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGT
GACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGG
GGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATG
ATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCAC
GAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTG
CATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTAC
CGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGC
AAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATC
GAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTG
TACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGC
CTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAG
TGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCC
GTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTG
GACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATG
CATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCT
CCGGGTAAA

SEQ ID
NO: 111

Lambda
light
chain

(nt)

CAGCCTGTGCTGACTCAGTCACCCTCGGTGTCAGTGGCCCCAGGACAG
ACGGCCAGGATTACCTGTGGGGGAAACAACATTGGAAGTAAAAGTGTG
CACTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCGTCTAT
GATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCC
AACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGG
GATGAGGCCGACTATTACTGTCAGGTGTGGGATAGTAGTAGTGATCAT
TGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAGCCCAAG
GCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAA
GCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGA
GCCGTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGA
GTGGAGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCC

1 AGCAGCTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGC

TACAGCTGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTG
GCCCCTACAGAATGTTCA

SEQ ID
NO: 112

IgG1
heavy
chain (aa)

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQOGLEWM
GGIIPIFGTANYAQKFQGRVTITADESTSTAYMELRSLRSDDTAVYYC
ARDRERWLQSAGDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTV
PSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC PAPELLG
GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEV
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPI
EKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK

SEQ ID
NO: 113

Lambda
light

QPVLTQSPSVSVAPGQTARITCGGNNIGSKSVHWYQQOKPGQAPVLVVY
DDSDRPSGIPERFSGSNSGNTATLTISRVEAGDEADYYCQVWDSSSDH
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chain

(aa)

WVFGGGTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG
AVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRS

YSCQVTHEGSTVEKTVAPTECS
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Table 8 IgG sequences of C-1124

SEQ D
NO: 114

IgG1
heavy
chain (nt)

CAGGTCCAGCTGGTACAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGT
CCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTATGG
CATGCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCTGGAGTGGGTGGCA
GTTATATCATATGATGGAAGTAATAAATACTATGCAGACTCCGTGAAGG
GCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCA
AATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAAA
GATCTTCCGATTACCCGCGGGACAGGGGCTGACTACTGGGGCCAGGGAA
CCCTGGTCACTGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCC
CCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGC
TGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACT
CAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTC
CTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGC
TTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACA
CCAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGTGACAAAACTCACAC
ATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTC
CTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTG
AGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAA
GTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAG

| CCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCA

CCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGT
CTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCC
AAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGG
ATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTT
CTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG
AACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCT
TCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAA
CGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACG
CAGAAGAGCCTCTCCCTGTCTCCGGGTAAA

SEQID
NO: 115

Lambda
light
chain

(nt)

CAGTCTGTCCTGATTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGT
CGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAA
CTATGTCTCCTGGTATCAACAACACCCAGGCAAAGCCCCCAGACTCATG
ATTTACGATGTCACTAGTCGGCCCTCAGGGGTTTCGAATCGCTTCTCTG
GCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGGCTCCAGGL
TGAGGACGAGGCTGATTATTACTGCAGTTCATATGCAGGCAGCTACAGC
GTGGTATTCGGCGGAGGGACCAAGGTCACCGTCCTAGGTCAGCCCAAGG
CTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGC
CAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCC
GTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGG
AGACCACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAG
CTATCTGAGCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGC
TGCCAGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTA
CAGAATGTTCA

SEQID
NO: 116

IgG1
heavy
chain

(aa)

QOVQLVQSGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVA
VISYDGSNKYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK
DLPITRGTGADYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTF PAVLQSSGLYSLSSVVTVPSSS
LGTQTY ICNVNHK PSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYT
QKSLSLSPGK

SEQ ID
NO: 117

Lambda
light

chain

QSVLIQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPRLM
IYDVTSRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYAGSYS
VVFGGGTKVTVLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGA
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(aa)

VTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYS
CQVTHEGSTVEKTVAPTECS
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Table 9 1gG sequences of D-1K21

SEQID
NO: 118

IgGl
heavy
chain

(nt)

CAGGTCCAGCTTGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTC
AGTGAAGGTCTCCTGCAAGGCTTCTGGATACACCTTCACCGGCTACTATA
TGCACTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGACGG
ATCAACCCTAACAGTGGTGGCACAAACTATGCACAGAAGTTTCAGGGCAG
GGTCACCATGACCAGGGACACGTCCATCAGCACAGCCTACATGGAGCTGA
GCAGGCTGAGATCTGACGACACGGCCGTGTATTACTGCGCGAGGCGTAAC
CTGATAGCAGCTCGTCCCCGCAATCGGGGCAGGGATGCTTTTGATATCTG
GGGCCAAGGGACAATGGTCACCGTCTCTTCAGCCTCCACCAAGGGCCCAT
CGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCG
GCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTC
GTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCC
TACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCC
AGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAG
CAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGTGACAAAACTC
ACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTC
TTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCC
TGAGGTCACATGCGTGGTGGTCGGACGTGAGCCACGAAGACCCTGAGGTCA
AGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAG
CCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCAC
CGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCT
CCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAA
GGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGA
GCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATC
CCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAAC
TACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTA
CAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCT
CATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGC
CTCTCCCTGTCTCCGGGTAAA

SEQID
NO: 119

Kappa
light
chain

(nt)

GACATCCAGATGACCCAGTCTCCTTCCACCCTGTCTGCATCTGTAGGAGA
CAGAGTCACCATCACTTGCCGGGCCAGTCAGAGTATTGGTGGCTCGTTGG
CCTGGTATCAGCAGAAACCAGGGAAAGGCCCTAACCTCCTGATCTATGCT
GCATCCACTTTGCAAAGTGGGGTCCCATCAAGGTTCAGCGGCAGTGGATC
TGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCTGAAGATTCTG
CAACTTACTACTGCCAACACTATGAAAGTTATCCCCTCTCTTTCGGCGGC
GGGACCAAGCTGGAGATCAAACGAACTGTGGCTGCACCATCTGTCTTCAT
CTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGT
GCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTG
GATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGA
CAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCAAAG
CAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGC
CTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGT

SEQ ID
NO: 120

IgG1
heavy
chain

(aa)

QVOLVQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVRQAPGQGLEWMGR
INPNSGGTNYAQKFQGRVTMTRDTSISTAYMELSRLRSDDTAVYYCARRN
LIAARPRNRGRDAFDIWGQGTMVTVSSASTKGPSVFPLAPSSKSTSGGTA
ALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPS
SSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSV
FLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAK
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKS
LSLSPGK

SEQ ID
NO: 121

Kappa
light

chain

DIQMTQSPSTLSASVGDRVTITCRASQSIGGSLAWYQOKPGKGPNLLIYA
ASTLQSGVPSRFSGSGSGTEFTLTISSLQPEDSATYYCQHYESYPLSFGG
GTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKV
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQG
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J(aa) | LSSPVTKSFNRGEC
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Table 10 IgG sequences of 9N10

SEQ ID |1 gG 1 CAGGTGCAGCTGCAGGAGTCCGGGGGAGGCTTAGTTCACCCTGGGGGGTC
NO: 106 heavy CCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTACTGGA
or 122 chain TGCACTGGGTCCGCCAAGCTCCAGGGAAGGGGCTGGTGTGGGTCTCACGT

ATTAATAGTGATGGGAGTAGCACAAGCTACGCGGACTCCGTGAAGGGCCG
(nﬂ ATTCACCATCTCCAGAGACAACGCCAAGAACACGCTGTATCTGCAAATGA
ACAGTCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAAAAATC
TTGGGGGTGGGAGCTAGGTCTCGTCGTTACTTTGACTACTGGGGCCAGGG
AACAATGGTCACCGTCTCTTCAGCCTCCACCAAGGGCCCATCGGTCTTCC
CCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGT
TGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTC
AGGCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCT
CAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTG
GGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGCAACACCAA
GGTGGACAAGAAAGTTGAGCCCAAATCTTGTGACAAAACTCACACATGCC
CACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTCTTCCTCTTC
CCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCAC
ATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACT
GGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAG
GAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCA
CCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAG
CCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCC
CGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAA
GAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACC
ACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCT
CACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCG
TGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTG

TCTCCGGGTAAA
SEQID | Kappa | GATATTGTGCTGACCCAGACTCCAGACTCCCTGGCTGTGTCTCTGGGCGA
NO: 123 | light GACGACCACCATCAACTGCAAGTCCAGCCAGAGTGTTTTACACAGCTCCA
: ACAATAAGAACTACTTAGCTTGGTACCAGCAGAAACCAGGACAGCCTCCT
chain AAGCTGCTCATTTACTGGGCATCTACCCGGGAATCCGGGGTCCCTGACCG
(nt) ATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAACC

TGCAGCCTGAAGATGTGGCTTTTTACTACTGTCTGCAATATTCTACTTTT
CCTCGGACGTTCGGCCAAGGGACCAAGGTGGAGATCAAACGAACTGTGGC
TGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTG
GAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCC
AAAGTACAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGA
GAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCA
CCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGC
GAAGTCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAG

GGGAGAGTGT v

SEQID |IgGl OVOLOESGGGLVHPGGSLRLSCAASGFTFSSYWMHWVROAPGKGLVWVSR
NO: 108 | heavy INSDGSSTSYADSVKGRETI SRDONAKNTLYLOMNSLRAEDTAVYYCARKI
. LGVGARSRRYFDYWGQGTMVTVSSASTKGPSVF PLAPSSKSTSGGTAALG

or 124 chain CLVKDYFPEPVTVSWNSGALTSGVHTF PAVLQS SGLYSLSSVVTVPSSSL
(aa) GTQTYICNVNHK PSNTKVDKKVEPK SCDKTHTC PPCPAPELLGGPSVFLF

PPKPKDTLMISRTPEVTCVVVDVSHEDNDPEVKFNWYVDGVEVHNAKTKPRE
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQP
REPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPGK

SEQID | Kappa DIVLTQTPDSLAVSLGETTTINCKSSQSVLHS SNNKNYLAWYQOKPGQPP
NO: 125 | light KLLIYWASTRESGVPDRFSGSGSGTDFTLTISNLQPEDVAFYYCLQYSTF




WO 2011/098762

PCT/GB2011/000175

- 145 -

chain

(aa)

PRTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA

KVQWKVDNALQSGNSQESVTEQDSKDSTY SLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC
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Table 11

SEQ ID NO | Description Sequence

126 VH CDR1 S/GY X3 M/TH/S

127 VH CDR!1 Xi1YXsMH

128 VH CDRI1 SYX;MH

129 VH CDR2 XiIXsXyDGSXsXoXi0 YADSVKG
130 VH CDR2 VRRIS/NY/SDGSN/SK/TYSYADSVK

G

131 VH CDR2 XiITX3PXsXeGXs XoNYAQKFQG

132 VH CDR2 R/GIN/IPN/ISFGGTT/ANYAQKFQG
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Claims

1. An isolated antibody which binds to CXC chemokine receptor 4 (CXCR4)

and which does not induce significant apoptosis of CXCR4 expressing cells.

2. The antibody of claim 1, wherein said antibody does not induce significant

apoptosis of CXCR4 expressing cells if used at a concentration of >0.4 pg/ml.

3. The antibody of claim 1 or claim 2, wherein said antibody is capable of
inhibiting the binding of a ligand to CXCRA4, or is capable of inhibiting the ligand-
induced migration of CXCR4 expressing cells, or is capable of inhibiting ligand-

induced calcium flux in CXCR4 expressing cells.

4. The antibody of any one of claims 1 to 3, wherein said antibody comprises at
least one heavy chain variable region that comprises three CDRs and at least one
light chain variable region that comprises three CDRs,
wherein said heavy chain variable region comprises:

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of S/G Y
X3 M/ H/S (SEQID NO: 126), or X; Y Xs MH (SEQIDNO: 127) or SY X3 M H
(SEQ ID NO: 128);

wherein X, can be S or G, preferably S;

X3 can be any amino acid, preferably G or W or Y or A, more preferably W;

(i) a VH CDR2 that has the amino acid sequence of X; I X3 X4 D G S X; Xy
X10Y AD S V K G (SEQ ID NO:129);

wherein X, can be any amino acid, preferably V or R, more preferably R;

X3 can be any amino acid, preferably S or N, more preferably N;

X4 can be any amino acid, preferably Y or S, more preferably S;

Xg can be any amino acid, preferably N or S, more preferably S;

Xy can be any amino acid, preferably K or T, more preferably T; and

X0 can be any amino acid, preferably Y or S, more preferably S;
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or a VH CDR2 that has the amino acid sequence of X; I X3 P Xs X4 G X5 Xy
NYAQKFQG(SEQID NO:'131);

wherein X, can be any amino acid, preferably R or G, more preferably R;

X3 can be any amino acid, preferably N or I, more preferably N;

X5 can be any amino acid, preferably N or I, more preferably N;

Xe can be any amino acid, preferably S or F, more preferably S;

X3 can be any amino acid, preferably G or T, more preferably G; and

X can be any amino acid, preferably T or A, more preferably T,
and

(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO:s 3,9, 15
or 21 or a sequence substantially homologous thereto

wherein said substantially homologous sequence is a sequence containing 1,
2 or 3 amino acid substitutions compared to the given CDR sequence, or wherein
said substantially’homologous sequence is a sequence containing conservative

amino acid substitutions of the giiren CDR sequence.

5. An antibody according to any one of claims 1 to 4, wherein said antibody
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said heavy chain variable region comprises:

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID
NO: 1 or a sequence substantially homologous thereto;

(ii) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 2 ora
sequence substantially homologous thereto; and

(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 3 or a
sequence substantially homologous thereto; and/or
wherein said light chain variablé region comprises:

(iv) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID
NO: 4 or a sequence substantially homologous thereto;

(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 5 or a

sequence substantially homologous thereto; and
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(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 6 or a
sequence substantially homologous thereto;

wherein said substantially homologous sequence is a sequence containing 1,
2 or 3 amino acid substitutions compared to the given CDR sequence, or wherein
said substantially horﬁologous sequence is a sequence containing conservative
amino acid substitutions of the given CDR sequence; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

6. An antibody according to any one of claims 1 to 4, wherein said antibody
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said heavy chain variable region comprises:

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID
NO: 7 or a sequence substantially homologous thereto,

(i1) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 8 or a
sequence substantially homologous thereto; and

(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9 or a
sequence substantially homolo gous thereto; and/or
wherein said light chain variable region comprises:

(iv) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID
NO: 10 or a sequence substantially homologous thereto; |

(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 11 or a
sequence substantially homologous thereto; and

(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 12 or a
sequence substantially homologous thereto;

wherein said substantially homologous sequence is a sequence containing 1,
2 or 3 amino acid substitutions compared to the given CDR sequence, or wherein
said substantially homologous sequence is a sequence containing conservative
amino acid substitutions of the given CDR sequence; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

7. An antibody according to any one of claims 1 to 4, wherein said antibody
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(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said heavy chain variable region comprises:

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID
NO: 13 or a sequence substantially homologous thereto;

(if) a VH CDR2 that-has the amino acid sequence of SEQ ID NO: 14 or a
sequence substantially homologous thereto; and

(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 15 or a
sequence substantially homologous fhereto; and/or
wherein said light chain variable region comprises:

(iv) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID
NO: 16 or a sequence substantially homologous thereto;

(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 17 or a
sequence substantially homologous thereto; and

(vi)a VL CDR3 that has the amino acid sequence of SEQ ID NO: 18 or a
sequence substantially homblogous thereto;

wherein said substantially homologous sequence is a sequence containing 1,
2 or 3 amino acid substitutions compared to the given CDR sequence, or wherein
said substantially homologous sequence is a sequence containing conservative
amino acid substitutions of the given CDR sequence; or

(b) is an antibody which can compete with antibody (a) for binding to CXCRA4.

8. An antibody according to any one of claims 1 to 4, wherein said antibody
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one light chain variable region that comprises three CDRs,
wherein said heavy chain variable region comprises:

(1) a variable }ieavy (VH) CDR1 that has the amino acid sequence of SEQ ID
NO: 19 or a sequence substantially homologous thereto;

(i1) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 20 or a
sequence substantially homologbus thereto; and

(ii1) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 21 or a

sequence substantially homologous thereto; and/or
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wherein said light chain variable region comprises:

(iv) a variable light (VL) CDRI1 that has the amino acid sequence of SEQ ID

'NO: 22 or a sequence substantially homologous thereto;

(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 23 or a
sequence substantially homologous thereto; and

(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 24 ora
sequence substantially homologous thereto;

wherein said substantially homologous sequence is a sequence containing 1,
2 or 3 amino acid substitutions compared to the given CDR sequence, or wherein
said substantially homologous sequence is a sequence containing conservative
amino acid substitutions of the given CDR sequence; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

9. An antibody according to any one of claims 1 to 4, wherein said antibody
(a) comprises at least one heavy chain variable region that comprises three CDRs
and at least one li ght chain variable region that comprises three CDRs,
wherein said heavy chain variable region comprises:

(i) a variable heavy (VH) CDR1 that has the amino acid sequence of SEQ ID
NO: 1 or a sequence substantially homologous thereto;

(i) a VH CDR2 that has the amino acid sequence of SEQ ID NO: 2 or a
sequence substantially homologous thereto; and

(iii) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 3 or a
sequence substantially homologous thereto; and/or

wherein said light chain variable region comprises:

(iv) a variable light (VL) CDR1 that has the amino acid sequence of SEQ ID
NO: 88 or a sequence substantially homologous thereto;

(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 89 or a
sequence substantially homologous thereto; and

(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 90 or a
sequence substantially homologous thereto;,

wherein said substantially homologous sequence is a sequence containing 1,

2 or 3 amino acid substitutions compared to the given CDR sequence, or wherein
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said substantially homologous sequence is a sequence containing conservative
amino acid substitutions of the given CDR sequence; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

10.  An antibody according to any one of claims 5 to 9, comprising one of each of
the VH CDR domains (i), (ii) and (iii), and one of each of the VL CDR domains
(iv), (v) and (vi).

11.  Anantibody according to claim 1 or claim 5, wherein said antibody

(a) has a VH domain of SEQ ID NO: 69 or a sequence having at least 80%
sequence identity thereto, and/or a VL domain of SEQ ID NO: 70 or a sequence
having at least 80% sequence identity thereto; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

12.  An antibody according to claim 1, or claim 6 wherein said ahtibody

(a) has a VH domain of SEQ ID NO: 71 or a sequence having at least 80%
sequence identity thereto, and/or a VL domain of SEQ ID NO: 72 or a sequence
having at least 80% sequence identity thereto; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4,

13.  Anantibody according to claim 1, or claim 7 wherein said antibody

(a) has a VH domain of SEQ ID NO: 73 or a sequence having at least 80%
sequence identity thereto, and/or a VL domain of SEQ ID NO: 74 or a sequence
having at least 80% sequence identity thereto; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

14.  An antibody according to claim 1, or claim 8 wherein said antibody

(a) has a VH domain of SEQ ID NO: 75 or a sequence having at least 80%
sequence identity thereto, and/or a VL domain of SEQ ID NO: 76 or a sequence
having at least 80% sequence identity thereto; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.
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15.  Anantibody according to claim 1 or claim 9, wherein said antibody

(a) has a VH domain of SEQ ID NO: 69 or a sequence having at least 80%
sequence identity thereto, and/or a VL domain of SEQ ID NO: 103 or a sequence
ha\-/ing at least 80% sequence identity thereto; or

(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

16.  An antibody according to any one of claims S to 15, wherein said antibody

(b)

can bind to substantially the same epitope as said antibody (a).

17.  An antibody according to any one of claims 1 to 16, wherein said antibody is

a human antibody, preferably a fully human antibody.

18. The antibody of any one of claims 1 to 17, wherein said antibody comprises all
or a portion of an antibody heavy chain constant region and/or an antibody light

chain constant region.

19. The antibody of claim 18, wherein said antibody is an IgG antibody, preferably
an IgG1 antibody.

20.  The antibody of claim 18 or claim 19, wherein said antibody comprises a
heavy chain that comprises the amino acid sequence of SEQ ID NO: 108 or a

sequence having at least 80% sequence identity thereto, and/or a light chain that
comprises the amino acid sequence of SEQ ID NO: 109 or a sequence having at

least 80% sequence identity thereto.

21.  The antibody of claim 18 or claim 19, wherein said antibody comprises a
heavy chain that comprises the amino acid sequence of SEQ ID NO: 112 or a

sequence having at least 80% sequence identity thereto, and/or a light chain that
comprises the amino acid sequence of SEQ ID NO: 113 or a sequence having at

least 80% sequence identity thereto.
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22.  The antibody of claim 18 or claim 19, wherein said antibody comprises a
heavy chain that comprises the amino acid sequence of SEQ ID NO: 116 or a

sequence having at least 80% sequence identity thereto, and/or a light chain that
comprises the amino acid sequence of SEQ ID NO: 117 or a sequence having at

least 80% sequence identity thereto.

23.  The antibody of claim 18 or claim 19, wherein said antibody comprises a
heavy chain that comprises the amino acid sequence of SEQ ID NO: 120 or a

sequence haVing at least 80% sequence identity thereto, and/or a light chain that
comprises the amino acid sequence of SEQ ID NO: 121 or a sequence having at

least 80% sequence identity thereto.

24.  The antibody of claim 18 or claim 19, wherein said antibody comprises a
heavy chain that comprises the amino acid sequence of SEQ ID NO: 124 or a

sequence having at least 80% sequence identity thereto, and/or a light chain that
comprises the amino acid sequence of SEQ ID NO: 125 or a sequence having at

least 80% sequence identity thereto.

25. The antibody of any one of claims 1 to 24, wherein said antibody is an

antigen binding fragment of an antibody.

26. The antibody of claim 25, wherein said antigen binding fragment of said
antibody is a Fab', Fab, F(ab"),, single domain antibody, TandAbs dimer, Fv, scFv,
dsFv, ds-scFv, Fd, linear antibody, minibody, diabody, bispecific antibody fragment,
bibody, tribody, sc-diabody, kappa(lamda) body, BiTE, DVD-Ig, SIP, SMIP, DART

or a small antibody mimetic comprising one or more CDRs.

27.  The antibody of any one of claims 1-26, wherein said antibody is attached to

at least a second diagnostic or therapeutic agent.

28.  The antibody of claim 27, wherein said antibody is attached to at least a

radiotherapeutic agent, chemotherapeutic agent, anti-angiogenic agent, apoptosis-
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inducing agent, anti-tubulin drug, anti-cellular or cytotoxic agent, steroid, cytokine
antagonist, cytokine expression inhibitor, chemokine antagonist, chemokine -
expression inhibitor, ATPase inhibitor, anti-inflammatory agent, signalling pathway
inhibitor, anti-cancer agent, other antibodies, coagulant or anti-viral agent, wherein
said anti-viral agent is preferably selected from the group consisting of a nucleoside,
a nucleoside reverse transcriptase inhibitor, a non-nucleoside reverse transcriptase

inhibitor and a protease inhibitor.

29.  Animmunoconjugate comprising the antibody of any one of claims 1-28

attached to at least a second therapeutic or diagnostic agent.

30. A composition comprising at least a first antibody according any one of
claims 1-28 or an immunoconjugate thereof, wherein said composition is preferably

a pharmaceutically acceptable composition.

31.  The composition of claim 30, wherein said composition further comprises at

least a second therapeutic agent.

32. A nucleic acid molecule comprising a nucleotide sequence region encoding

the antibody of any one of claims 1-28.

33. The nucleic acid molecule of claim 32, wherein said nucleotide sequence
region has the nucleotide sequence of SEQ ID NO: 34, SEQ ID NO: 45, SEQ ID
NO: 56, SEQ ID NO: 67 or SEQ ID NO: 100, or a sequence having at least §0%

sequence identity thereto.

34.  An expression vector comprising the nucleic acid molecule of claim 32 or

33.

35. A host cell comprising the nucleic acid molecule of claim 32 or 33 or the

expression vector of claim 34.
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36. A virus comprising the nucleic acid molecule of claim 32 or 33 or the

expression vector of claim 34.

37.  Akit comprising, in at least a first container:
(a) the antibody of any one of claims 1 to 28;
(b)  the immunoconjugate of claim 29;
(c)  the composition of any one of claims 30-31;
(d) | the nucleic acid molecule of claim 32 or 33;
(e) the expression vector of claim 34;
® the host cell of élaim 35; or
(g)  the virus of claim 36.

38. A method of producing an antibody, comprising;
(a) culturing a host cell that comprises the expression vector of claim 34
under conditions effective to express the encoded antibody; and

(b) obtaining the expressed antibody from said host cell.

39. A method of binding CXCR4, comprising contacting a composition
comprising CXCR4 with the antibody of any one of claims 1-28, or an

immunoconjugate thereof.

40. A method of detecting CXCR4, comprising contacting a composition
suspected of containing CXCR4 with the antibody of any one of claims 1-28, or an
immunoconjugate thereof, under conditions effective to allow the formation of
complexes between said CXCR4 and said antibody and detecting said complexes so

formed.

41. A method of diagnosing a disease associated with CXCR4 expression in an
animal, comprising the step of:
(a) contacting a test sample taken from said animal with an antibody of any one

of claims 1-28 or an immunoconjugate thereof; optionally
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(b)  measuring or detecting the presence and/or amount and/or location of
antibody-antigen complex in the test sample; and, optionally
(¢)  comparing the presence and/or amount of antibody-antigen complex in the

test sample to a control.

42.  The method of claim 41, wherein said test sample is isolated from said

animal and contacted with said antibody or immunoconjugate in vitro.

43.  The method of claim 41, wherein said antibody or immunoconjugate is

administered to said animal, thereby contacting said test sample in vivo.

44,  The method of any one of claims 41-43, wﬁerein said disease associated with
CXCR4 expression is a disease mediated by CXCR4, or a disease characterised by
aberrant proliferation of CXCR4+ cells, or a disease characterised by overexpression

of CXCR4.

45. The method of any one of claims 41-43, wherein said disease is cancer,
metastatic cancer, invasion of organs by cancer cells, diseases associated with
angiogenesis, an inflammatory or immune disease, an auto-immune disorder such as
rheumatoid athritis, a viral infection such as HIV infection, or a condition where it is
desired to mobilize stem cells from the bone marrow in order to restore the immune

system.

46.  The method of any one of claims 41-45, wherein an increased amount of

CXCR4 in said test sample is diagnostic of said disease.

47. A method for treating a disease associated with CXCR4 expression or
activity in an animal, comprising administering to an animal with said disease a
therapeutically effective amount of the antibody of any one of claims 1-28, or an

immunoconjugate thereof.
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48.  The method of claim 47, wherein said disease associated with CXCR4
expression or activity is a disease mediated by CXCR4, or a disease characterised by

aberrant proliferation of CXCR4+ cells, or a disease characterised by overexpression
of CXCR4, | |

49.  The method of any one of claims 47 to 48, wherein said disease is cancer,
metastatic cancer, invasion of organs by cancer cells, diseases associated with
angiogenesis, an inflammatory or immune disease, an auto-immune disorder such as
rheumatoid athritis, a viral infection such as HIV infection, or a condition where it is
desired to mobilize stem cells from the bone marrow in order to restore the immune

system.

50.  The method of any one of claims 47-49, wherein said antibody or
immunoconjugate thereof causes one or more of the following:

(a) inhibition of the binding of CXCR4 to at least SDF-1;

(b) inhibition of CXCR4-mediated cellular responses to a CXCR4 ligand,
preferably inhibition of the release of calcium ions in response to a CXCR4 ligand,
or to inhibit ligand induced migration of CXCR4 expressing cells; |
(©) induction of ADCC of CXCR4+ cells;

(d) induction of anti tumour effects in vivo;

()  induction of CDC of CXCR4+ cells;

(f) inhibition of metastasis formation caused by an existing cancer;

() inhibition of cancer cells invading new organs;

(h) inhibiting the attraction of CXCR4+ cells to the tumor stroma, and/or

activation of said cells to create a microenvironment favourable to the tumor;

(1) sensitizing tumor cells for treatment with other therapeutically effective
compounds.
51.  The method of any one of claims 47-50, further comprising administering a

second therapeutic agent to said animal.
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52, The method of any one of claims 41-51, wherein said antibody is a bivalent
or polyvalent antibody comprising at least two antigen binding fragments of said

antibody.

53.  The method of any one of claims 41-52, wherein said animal is a human

subject.

54.  The antibody of any one of claims 1 to 28, or an immunoconjugate thereof,

for use in therapy, imaging or diagnosis.

55.  The antibody or immunoconjugate of claim 54 for use in therapy, imaging or

diagnosis of a condition associated with CXCR4 expression or activity.

56.  The antibody or immunoconjugate of claim S5, wherein said disease is as

defined in any one of claims 48 or 49.
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