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Claims

1. An isolated antibody which binds to CXC chemokine receptor 4 (CX@R4)

and which does not induce significant apoptosis of CXCR4 expressing cel)f.

2. The antibody of claim 1, wherein said antibody does not indy€e significant

apoptosis of CXCR4 expressing cells if used at a concentration 0§/20.4 ng/ml.

3. The antibody of claim 1 or claim 2, wherein said anjfbody is capable of
10 inhibiting the binding of a ligand to CXCR4, or is capab}f of inhibiting the ligand-
induced migration of CXCR4 expressing cells, or is cgpable of inhibiting ligand-

induced calcium flux in CXCR4 expressing cells.

4. The antibody of any one of claims 1 {4 3, wherein said antibody comprises at
15 least one heavy chain variable region that fomprises three CDRs and at least one
light chain variable region that comprigés three CDRs,
wherein said heavy chain variable rgfion comprises:
(i) a variable heavy (VH)DR1 that has the amino acid sequence of S/G Y
X3 M/IH/S (SEQID NO: 126}, or X; Y X3 MH (SEQID NO: 127) or S Y X3 M H
20 (SEQ ID NO: 128);
wherein X, can b€ S or G, preferably S;
X3 can be any/mino acid, preferably G or W or Y or A, more preferably W;

(i) a VI¥ CDR2 that has the amino acid sequence of X; [ X3 X4 D G S Xj Xy
25 X0 Y AD SA K G (SEQ ID NO:129);
wherein X, can be any amino acid, preferably V or R, more preferably R;
3 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 X5 X¢ G Xg
NY A QK FQG (SEQ ID NO: 131);

wherein X, can be any amino acid, preferably R or G, more preferablf 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

X¢ can be any amino acid, preferably S or F, more preferably’s;

X3 can be any amino acid, preferably G or T, more preferfoly 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 sequengé of SEQ ID NO:s 3,9, 15
or 21 or a sequence substantially homologous theretq,

wherein said substantially homologous segdence 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 fequence containing conservative

amino acid substitutions of the giiren CD}'sequence.

5. An antibody according to 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 vapiable region that comprises three CDRs,
wherein said heavy chain yériable region comprises:

(i) a variable hegfy (VH) CDRI1 that has the amino acid sequence of SEQ ID
NO: | or a sequence Zubstantially homologous thereto;

(i1) a VH QDR2 that has the amino acid sequence of SEQ ID NO: 2 or a

wherejh said light chain variablé region comprises:
(iv) a variable light (VL) CDRI1 that has the amino acid sequence of SEQ ID
O: 4 or a sequence substantially homologous thereto;
(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 5 ora

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 contaiffing 1,
2 or 3 amino acid substitutions compared to the given CDR sequence, or
said substantially horhologous sequence is a sequence containing cons
amino acid substitutions of the given CDR sequence; or

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

6. An antibody according to any one of claims 1 to 4, yherein said antibody
(a) comprises at least one heavy chain variable region thét comprises three CDRs
and at least one light chain variable region that comppfses three CDRs,
wherein said heavy chain variable region compris

(i) a variable heavy (VH) CDR1 that hag/the amino acid sequence of SEQ ID
NO: 7 or a sequence substantially homologoys thereto,

(i1) a VH CDR2 that has the aming/acid sequence of SEQ ID NO: 8 or a
sequence substantially homologous thefeto; and

(iii) a VH CDR3 that has th¢/amino acid sequence of SEQ ID NO: 9 or a
sequence substantially homolo gofis thereto; and/or

wherein said light chain varialfle region comprises:

sequence substantjilly homologous thereto; and

(vi) a VL CDR3 that has the amino acid sequence of SEQ ID NO: 12 or a
sequence sujfstantially 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
saig/substantially homologous sequence is a sequence containing conservative
ino 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 #f 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

sequence substantially homologous fhereto; and/or
wherein said light chain variable region comprises:
(iv) a variable light (VL) CDR1 that has the g#ino acid sequence of SEQ ID
NO: 16 or a sequence substantially homologous t
(v) a VL CDR2 that has the amino acid fequence of SEQ ID NO: 17 or a
sequence substantially homologous thereto;
(vi)a VL CDR3 that has the aming acid sequence of SEQ ID NO: 18 or a
sequence substantially homologous thefeto;
wherein said substantially hgfmologous sequence is a sequence containing 1,
2 or 3 amino acid substitutions cgfmpared to the given CDR sequence, or wherein
said substantially homologouy/sequence is a sequence containing conservative
amino acid substitutions ofAhe given CDR sequence; or
(b) is an antibody whicly/€an compete with antibody (a) for binding to CXCR4.
8. An antibog/ according to any one of claims 1 to 4, wherein said antibody
(a) comprises # least one heavy chain variable region that comprises three CDRs
and at least ghe light chain variable region that comprises three CDRs,
wherein g4id heavy chain variable region comprises:
(i) a variable Heavy (VH) CDRI1 that has the amino acid sequence of SEQ ID
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 homo]ogbus thereto; and
(iii) 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) CDR1 that has the amino acid sequence of SE
'NO: 22 or a sequence substantially homologous thereto;
(v) a VL CDR2 that has the amino acid sequence of SEQ ID NO:
5 sequence substantially homologous thereto; and
(vi) a VL CDR3 that has the amino acid sequence of SEQ IYNO: 24 or a
sequence substantially homologous thereto;
wherein said substantially homologous sequence is a sgfjuence containing 1,
2 or 3 amino acid substitutions compared to the given CDR/equence, or wherein
10 said substantially homologous sequence is a sequence cofitaining conservative
amino acid substitutions of the given CDR sequence;
(b) is an antibody which can compete with antibod# (a) for binding to CXCR4.
9. An antibody according to any one of £laims 1 to 4, wherein said antibody
15 (a) comprises at least one heavy chain vafiable region that comprises three CDRs
and at least one light chain variable regfon that comprises three CDRs,
wherein said heavy chain variable rggion comprises:
(i) a variable heavy (VH)/ACDR1 that has the amino acid sequence of SEQ ID
NO: 1 or a sequence substantiflly homologous thereto;
20 (i) a VH CDR2 thgfhas the amino acid sequence of SEQ ID NO: 2 or a
sequence substantially hpmologous thereto; and
(iii) a VH CDK3 that has the amino acid sequence of SEQ ID NO: 3 or a
sequence substantjally homologous thereto; and/or
wherein said light chain variable region comprises:
25 (iv) g/variable light (VL) CDR1 that has the amino acid sequence of SEQ ID
NO: 88 ofa sequence substantially homologous thereto;
v) a VL CDR2 that has the amino acid sequence of SEQ ID NO: 89 or a
seqience 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 CXC

10.  An antibody according to any one of claims 5 to 9, comprising ghe of each of
the VH CDR domains (i), (ii) and (iii), and one of each of the VL CPR domains
(iv), (v) and (vi).

11.  An antibody according to claim 1 or claim 5, wherey said antibody

(a) has a VH domain of SEQ ID NO: 69 or a sequence ving 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 antipOdy (a) for binding to CXCRA4.

12.  An antibody according to claim 1,/6r claim 6 wherein said ahtibody

(a) has a VH domain of SEQ ID NO: /1 or a sequence having at least 80%
sequence identity thereto, and/or a domain of SEQ ID NO: 72 or a sequence
having at least 80% sequence idefitity thereto; or

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

13.  Anantibody accfrding to claim 1, or claim 7 wherein said antibody

(a) has a VH domair/of SEQ ID NO: 73 or a sequence having at least 80%
sequence identity phereto, and/or a VL domain of SEQ ID NO: 74 or a sequence
having at least 0% sequence identity thereto; or

(b) is an antppody 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%
quence 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 seq
haQing at least 80% sequence identity thereto; or

5 (b) is an antibody which can compete with antibody (a) for binding to ZXCR4.

16.  An antibody according to any one of claims 5 to 15, whergin said antibody
(b)
can bind to substantially the same epitope as said antibody ).

10

17.  An antibody according to any one of claims 1 £0 16, wherein said antibody is

a human antibody, preferably a fully human antibgdy.

18. The antibody of any one of claims 1 to }//, wherein said antibody comprises all

15 or a portion of an antibody heavy chain cgfistant region and/or an antibody light

chain constant region.

19. The antibody of claim 18, w)erein said antibody is an IgG antibody, preferably
an IgG1 antibody.
20

25

heayy chain that comprises the amino acid sequence of SEQ ID NO: 112 or a
quence 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 ora

sequence having at least 80% sequence identity thereto, and/or a light chain jhat
comprises the amino acid sequence of SEQ ID NO: 117 or a sequence haylng at

least 80% sequence identity thereto.

23.  The antibody of claim 18 or claim 19, wherein said antibglly comprises a
heavy chain that comprises the amino acid sequence of SEQ [/ NO: 120 or a

sequence ha?ing at least 80% sequence identity thereto, angfor a light chain that
comprises the amino acid sequence of SEQ ID NO: 121 fr 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 sgfuence of SEQ ID NO: 124 or a

sequence having at least 80% sequence igéntity thereto, and/or a light chain that
comprises the amino acid sequence of #EQ ID NO: 125 or a sequence having at

least 80% sequence identity thereto,

25. The antibody of any opfe of claims 1 to 24, wherein said antibody is an

antigen binding fragment ¢f an antibody.

26. The antibody of Aaim 25, wherein said antigen binding fragment of said
antibody is a Fab' /A ab, F(ab"),, single domain antibody, TandAbs dimer, Fv, scFv,
dsFv, ds-scFv, #d, linear antibody, minibody, diabody, bispecific antibody fragment,
bibody, tribgfly, sc-diabody, kappa(lamda) body, BiTE, DVD-Ig, SIP, SMIP, DART

or a smal/antibody mimetic comprising one or more CDRs.

27./ The antibody of any one of claims 1-26, wherein said antibody is attached to

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 pghway
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 reverg€ transcriptase

inhibitor and a protease inhibitor.

29.  Animmunoconjugate comprising the antibody of gy one of claims 1-28

attached to at least a second therapeutic or diagnostic agnt.
30. A composition comprising at least a first gAtibody according any one of
claims 1-28 or an immunoconjugate thereof, w erein said composition is preferably

a pharmaceutically acceptable composition,

31.  The composition of claim 30, yherein said composition further comprises at -

least a second therapeutic agent.

32. A nucleic acid molecle comprising a nucleotide sequence region encoding

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:
5 (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;

10 ® the host cell of élaim 35; or
(g)  the virus of claim 36.

38. A method of producing an antibody, copprising:
(a) culturing a host cell that comgfrises the expression vector of claim 34
15 under conditions effectivefo express the encoded antibody; and

(b) obtaining the expressed/antibody from said host cell.

39. A method of binding CX#ZR4, comprising contacting a composition
comprising CXCR4 with the ghtibody of any one of claims 1-2§, or an

20 immunoconjugate thereof.

40. A method of getecting CXCR4, comprising contacting a composition
suspected of contgtning CXCR4 with the antibody of any one of claims 1-28, or an
immunoconjug#lte thereof, under conditions effective to allow the formation of

25 complexes bftween said CXCR4 and said antibody and detecting said complexes so

formed.

41,/ A method of diagnosing a disease associated with CXCR4 expression in an
imal, 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 j the

test sample to a control.

42. The method of claim 41, wherein said test sample is isolated/Arom said

animal and contacted with said antibody or immunoconjugate in fitro.

43.  The method of claim 41, wherein said antibody or ifAmunoconjugate is

administered to said animal, thereby contacting said testfample in vivo.

44,  The method of any one of claims 41-43, wlferein said disease associated with
CXCR4 expression is a disease mediated by CYCR4, or a disease characterised by
aberrant proliferation of CXCR4+ cells, or aflisease characterised by overexpression

of CXCR4.

45. The method of any one of clfims 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 fection such as HIV infection, or a condition where it is
desired to mobilize steny/Lells from the bone marrow in order to restore the immune

system.

46.  The meghod of any one of claims 41-45, wherein an increased amount of

CXCR4 in s#d test sample is diagnostic of said disease.

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 characterisgd by

aberrant proliferation of CXCR4+ cells, or a disease characterised by overexgfression
of CXCR4, | |

49, The method of any one of claims 47 to 48, wherein said disefse is cancer,
metastatic cancer, invasion of organs by cancer cells, diseases asgbciated with
angiogenesis, an inflammatory or immune disease, an auto-imphune disorder such as
rheumatoid athritis, a viral infection such as HIV infectionAr a condition where it is
desired to mobilize stem cells from the bone marrow in grder to restore the immune

system.

50.  The method of any one of claims 47-49 Avherein said antibody or
immunoconjugate thereof causes one or morg of the following:

(a) inhibition of the binding of CXCRA to at least SDF-1;

(b) inhibition of CXCR4-mediated/ellular responses to a CXCR4 ligand,
preferably inhibition of the release ¢f calcium ions in response to a CXCR#4 ligand,
or to inhibit ligand induced migrgtion of CXCR4 expressing cells; |
(c) induction of ADCC ofCXCR4+ cells;

(d) induction of anti tuphour effects in vivo;

()  .induction of CDZ of CXCR4+ cells;

(f) inhibition of pfetastasis formation caused by an existing cancer;

(&) inhibition g1 cancer cells invading new organs;

(h) inhibitip the attraction of CXCR4+ cells to the tumor stroma, and/or
activation offSaid cells to create a microenvironment favourable to the tumor;

(1) sefsitizing tumor cells for treatment with other therapeutically effective

compgginds.

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 bivale
or polyvalent antibody comprising at least two antigen binding fragments of sai

antibody.

5 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 immuypfoconjugate thereof,
for use in therapy, imaging or diagnosis.

10
55.  The antibody or immunoconjugate of claim 54/for use in therapy, imaging or

diagnosis of a condition associated with CXCR4 eppression or activity.

56.  The antibody or immunoconjugate of/Claim 55, wherein said disease is as

15 defined in any one of claims 48 or 49.
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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, in which levels of apoptosis
induced in the presence of the antibody are comparable to or not significantly different from
levels of apoptosis induced in the absence of the antibody, and in which the 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, in which the heavy chain variable

region comprises:

(1) a variable heavy (VH) CDRI1 that has the amino acid sequence of S/G Y X3 M/I
H/S (SEQ ID NO: 126), or X; Y X3 M H (SEQ ID NO: 127) or SY X3 M H (SEQ ID
NO: 128);

in which 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;

(i1) a VH CDR2 that has the amino acid sequence of X; [ X3 X4 DG S X5 X9 X10 Y A
DS VK G (SEQID NO:129);

in which 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;

Xs 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

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

or a VH CDR?2 that has the amino acid sequence of X; I X5 P X5 Xe G Xg Xg NY A Q
KF QG (SEQID NO: 131);

in which 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;
Xs can be any amino acid, preferably N or I, more preferably N;
X can be any amino acid, preferably S or F, more preferably S;

Xs can be any amino acid, preferably G or T, more preferably G; and
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Xy can be any amino acid, preferably T or A, more preferably T;
and

(i11)) a VH CDR3 that has the amino acid sequence of SEQ ID NOs 3,9, 15 or 21 or a

sequence substantially homologous thereto

in which the substantially homologous sequence is a sequence containing 1, 2 or 3
amino acid substitutions compared to the given CDR sequence, or in which the
substantially homologous sequence is a sequence containing conservative amino acid

substitutions of the given CDR sequence.

An antibody according to Claim 1, in which the antibody does not induce significant

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

3.

An antibody according to Claim 1 or Claim 2, in which the antibody is capable of

inhibiting the binding of a ligand to CXCR4, 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.

An antibody according to any of Claims 1 to 3, in which the 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,
in which the heavy chain variable region comprises:

(1) a variable heavy (VH) CDRI1 that has the amino acid sequence of SEQ ID NO: 1 or

a sequence substantially homologous thereto;

(i1) a VH CDR?2 that has the amino acid sequence of SEQ ID NO: 2 or a sequence

substantially homologous thereto; and

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

substantially homologous thereto; and/or
in which the light chain variable region comprises:

(iv) a variable light (VL) CDRI 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;

in which the substantially homologous sequence is a sequence containing 1, 2 or 3
amino acid substitutions compared to the given CDR sequence, or in which the
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.

An antibody according to any of Claims 1 to 3, in which the 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,
in which the heavy chain variable region comprises:

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

a sequence substantially homologous thereto;

(i1) a VH CDR?2 that has the amino acid sequence of SEQ ID NO: 8 or a sequence

substantially homologous thereto; and

(i11) a VH CDR3 that has the amino acid sequence of SEQ ID NO: 9 or a sequence

substantially homologous thereto; and/or
in which the light chain variable region comprises:

(iv) a variable light (VL) CDRI 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;

in which the substantially homologous sequence is a sequence containing 1, 2 or 3
amino acid substitutions compared to the given CDR sequence, or in which the
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.
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An antibody according to any of Claims 1 to 3, in which the 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,
in which the heavy chain variable region comprises:

(1) a variable heavy (VH) CDRI1 that has the amino acid sequence of SEQ ID NO: 13

or a sequence substantially homologous thereto;

(i1) a VH CDR?2 that has the amino acid sequence of SEQ ID NO: 14 or a sequence

substantially homologous thereto; and

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

substantially homologous thereto; and/or
in which the light chain variable region comprises:

(iv) a variable light (VL) CDRI 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 homologous thereto;

in which the substantially homologous sequence is a sequence containing 1, 2 or 3
amino acid substitutions compared to the given CDR sequence, or in which the
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.

An antibody according to any of Claims 1 to 3, in which the 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,

in which the heavy chain variable region comprises:

(1) a variable heavy (VH) CDRI1 that has the amino acid sequence of SEQ ID NO: 19

or a sequence substantially homologous thereto;
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(i1) a VH CDR?2 that has the amino acid sequence of SEQ ID NO: 20 or a sequence

substantially homologous thereto; and

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

substantially homologous thereto; and/or
in which the 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 or a sequence

substantially homologous thereto;

in which the substantially homologous sequence is a sequence containing 1, 2 or 3
amino acid substitutions compared to the given CDR sequence, or in which the
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.

An antibody according to any of Claims 1 to 3, in which the 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,
in which the heavy chain variable region comprises:

(1) a variable heavy (VH) CDRI1 that has the amino acid sequence of SEQ ID NO: 1 or

a sequence substantially homologous thereto;

(i1) a VH CDR?2 that has the amino acid sequence of SEQ ID NO: 2 or a sequence

substantially homologous thereto; and

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

substantially homologous thereto; and/or
in which the light chain variable region comprises:

(iv) a variable light (VL) CDRI that has the amino acid sequence of SEQ ID NO: 88

or a sequence substantially homologous thereto;
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(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;

in which the substantially homologous sequence is a sequence containing 1, 2 or 3
amino acid substitutions compared to the given CDR sequence, or in which the
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.

An antibody according to any of Claims 4 to 8, comprising one of each of the VH

CDR domains (i), (i1) and (ii1), and one of each of the VL. CDR domains (iv), (v) and (vi).

10.

An antibody according to any of Claims 1 to 3, in which the antibody comprises

a variable heavy (VH) CDR1 having the amino acid sequence of SEQ ID NO:1, a VH
CDR2 having the amino acid sequence of SEQ ID NO:2, a VH CDR3 having the
amino acid sequence of SEQ ID NO:3, a variable light (VL) CDRI1 having the amino
acid sequence of SEQ ID NO:4, a VL CDR2 having the amino acid sequence of SEQ
ID NO:5, and a VL CDR3 having the amino acid sequence of SEQ ID NO:6 or is an
antibody which can compete with the antibody for binding to CXCR4; or

in which the antibody comprises a variable heavy (VH) CDR1 having the amino acid
sequence of SEQ ID NO:7, a VH CDR2 having the amino acid sequence of SEQ ID
NO:8, a VH CDR3 having the amino acid sequence of SEQ ID NO:9, a variable light
(VL) CDRI1 having the amino acid sequence of SEQ ID NO:10, a VL CDR2 having
the amino acid sequence of SEQ ID NO:11, and a VL CDR3 having the amino acid
sequence of SEQ ID NO:12 or is an antibody which can compete with the antibody for
binding to CXCR4; or

in which the antibody comprises a variable heavy (VH) CDR1 having the amino acid
sequence of SEQ ID NO:13, a VH CDR2 having the amino acid sequence of SEQ ID
NO:14, a VH CDR3 having the amino acid sequence of SEQ ID NO:15, a variable
light (VL) CDRI1 having the amino acid sequence of SEQ ID NO:16, a VL CDR2
having the amino acid sequence of SEQ ID NO:17, and a VL CDR3 having the amino
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acid sequence of SEQ ID NO:18 or is an antibody which can compete with the
antibody for binding to CXCR4; or

in which the antibody comprises a variable heavy (VH) CDR1 having the amino acid
sequence of SEQ ID NO:19, a VH CDR2 having the amino acid sequence of SEQ ID
NO:20, a VH CDR3 having the amino acid sequence of SEQ ID NO:21, a variable
light (VL) CDR1 having the amino acid sequence of SEQ ID NO:22, a VL CDR2
having the amino acid sequence of SEQ ID NO:23, and a VL CDR3 having the amino
acid sequence of SEQ ID NO:24 or is an antibody which can compete with the
antibody for binding to CXCR4; or

in which the antibody comprises a variable heavy (VH) CDR1 having the amino acid
sequence of SEQ ID NO:1, a VH CDR2 having the amino acid sequence of SEQ ID
NO:2, a VH CDR3 having the amino acid sequence of SEQ ID NO:3, a variable light
(VL) CDRI1 having the amino acid sequence of SEQ ID NO:88, a VL CDR2 having
the amino acid sequence of SEQ ID NO:89, and a VL CDR3 having the amino acid
sequence of SEQ ID NO:90 or is an antibody which can compete with the antibody for
binding to CXCRA4.

An antibody according to Claim 1 or Claim 4, in which the 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.

An antibody according to Claim 1 or Claim 5, in which the antibody

(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) 1s an antibody which can compete with antibody (a) for binding to CXCRA4.

An antibody according to Claim 1 or Claim 6, in which the 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
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(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

An antibody according to Claim 1 or Claim 7, in which the 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.

An antibody according to Claim 1 or Claim 8, in which the 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 having at least

80% sequence identity thereto; or
(b) is an antibody which can compete with antibody (a) for binding to CXCR4.

An antibody according to any of Claims 1 to 3, in which the antibody comprises

a heavy chain variable region (VH) that has the amino acid sequence of SEQ ID
NO:69 and a light chain variable region (VL) that has the amino acid sequence of SEQ
ID NO:70 or is an antibody which can compete with the antibody for binding to
CXCR4; or

in which the antibody comprises a heavy chain variable region (VH) that has the
amino acid sequence of SEQ ID NO:71 and a light chain variable region (VL) that has
the amino acid sequence of SEQ ID NO:72 or is an antibody which can compete with

the antibody for binding to CXCR4; or

in which the antibody comprises a heavy chain variable region (VH) that has the
amino acid sequence of SEQ ID NO:73 and a light chain variable region (VL) that has
the amino acid sequence of SEQ ID NO:74 or is an antibody which can compete with

the antibody for binding to CXCR4; or

in which the antibody comprises a heavy chain variable region (VH) that has the
amino acid sequence of SEQ ID NO:75 and a light chain variable region (VL) that has
the amino acid sequence of SEQ ID NO:76 or is an antibody which can compete with

the antibody for binding to CXCR4; or
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in which the antibody comprises a heavy chain variable region (VH) that has the
amino acid sequence of SEQ ID NO:69 and a light chain variable region (VL) that has
the amino acid sequence of SEQ ID NO:103 or is an antibody which can compete with

the antibody for binding to CXCRA4.

17. An antibody according to any of Claims 4 to 9 or 11 to 15, in which the antibody (b)

can bind to substantially the same epitope as the antibody (a).

18.  An antibody according to any of Claims 1 to 17, in which the antibody is a human

antibody, preferably a fully human antibody.

19. An antibody according to any of Claims 1 to 18, in which the antibody comprises all or
a portion of an antibody heavy chain constant region and/or an antibody light chain constant

region.

20. An antibody according to Claim 19, in which the antibody is an IgG antibody,
preferably an IgG1 antibody.

21.  An antibody according to Claim 19 or Claim 20, in which the 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.

22.  An antibody according to Claim 19 or Claim 20, in which the 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.

23.  An antibody according to Claim 19 or Claim 20, in which the 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.

24.  An antibody according to Claim 19 or Claim 20, in which the 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.
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25.  An antibody according to Claim 19 or Claim 20, in which the 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.

26. An antibody according to Claim 19 or Claim 20, in which the antibody comprises a
heavy chain that has the amino acid sequence of SEQ ID NO:108 and a light chain that has the
amino acid sequence of SEQ ID NO:109; or

in which the antibody comprises a heavy chain that has the amino acid sequence of
SEQ ID NO:112 and a light chain that has the amino acid sequence of SEQ ID
NO:113; or

in which the antibody comprises a heavy chain that has the amino acid sequence of
SEQ ID NO:116 and a light chain that has the amino acid sequence of SEQ ID
NO:117; or

in which the antibody comprises a heavy chain that has the amino acid sequence of
SEQ ID NO:120 and a light chain that has the amino acid sequence of SEQ ID
NO:121; or

in which the antibody comprises a heavy chain that has the amino acid sequence of
SEQ ID NO:124 and a light chain that has the amino acid sequence of SEQ ID
NO:125.

27.  An antibody according to any of Claims 1 to 26, in which the antibody is an antigen

binding fragment of an antibody.

28.  An antibody according to Claim 27, in which the antigen binding fragment of the
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.

29.  An antibody according to any of Claims 1 to 28, in which the antibody is attached to at

least a second diagnostic or therapeutic agent.

30. An antibody according to Claim 29, in which the antibody is attached to at least a

radiotherapeutic agent, chemotherapeutic agent, anti-angiogenic agent, apoptosis-inducing
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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, in which the 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.

31. An immunoconjugate comprising an antibody according to any of Claims 1 to 30

attached to at least a second therapeutic or diagnostic agent.

32. A composition comprising at least a first antibody according any of Claims 1 to 30 or
an immunoconjugate thereof, in which the composition is preferably a pharmaceutically

acceptable composition.

33. A composition according to Claim 32, in which the composition further comprises at
least a second therapeutic agent, preferably the second therapeutic agent is as defined in Claim

30.

34. A nucleic acid molecule comprising a nucleotide sequence region encoding an

antibody according to any of Claims 1 to 30.

35. A nucleic acid molecule according to Claim 34, in which the 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 80% sequence identity thereto.

36. An expression vector comprising the nucleic acid molecule of Claim 34 or 35.

37. A host cell comprising the nucleic acid molecule of Claim 34 or 35 or the expression

vector of Claim 36.

38. A virus comprising the nucleic acid molecule of Claim 34 or 35 or the expression

vector of Claim 36.
39. A kit comprising, in at least a first container:

(a) an antibody according to any of Claims 1 to 30;
(b) an immunoconjugate according to Claim 31;

(c) a composition according to any of Claims 32 to 33;
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(d) a nucleic acid molecule according to Claim 34 or 35;
(e) a expression vector according to Claim 36;
(f) a host cell according to Claim 37; or
(g) a virus according to Claim 38.

40. A method of producing an antibody, comprising:

(a) culturing a host cell that comprises the nucleic acid molecule of Claim 34 or 35 or
the expression vector of Claim 36 under conditions effective to express the encoded

antibody; and
(b) obtaining the expressed antibody from the host cell.

41. A method of binding CXCR4, comprising contacting a composition comprising

CXCR4 with an antibody according to any of Claims 1 to 30, or an immunoconjugate thereof.

42. A method of detecting CXCR4, comprising contacting a composition suspected of
containing CXCR4 with an antibody according to any of Claims 1 to 30, or an
immunoconjugate thereof, under conditions effective to allow the formation of complexes

between the CXCR4 and the antibody and detecting the complexes so formed.

43. An in vitro method of diagnosing a disease associated with CXCR4 expression in an

animal, comprising the step of:

(a) contacting a test sample taken from the animal with an antibody according to

any of Claims 1 to 30 or an immunoconjugate thereof; optionally

(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.

44. A method according to Claim 43, in which the disease associated with CXCR4
expression is a disease mediated by CXCRA4, or a disease characterised by aberrant

proliferation of CXCR4+ cells, or a disease characterised by overexpression of CXCR4.

45. A method according to Claim 43 or Claim 44, in which the disease is cancer,

metastatic cancer, invasion of organs by cancer cells, diseases associated with angiogenesis,
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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. A method according to any of Claims 43 to 45, in which an increased amount of

CXCR4 in the test sample 1s diagnostic of the disease.
47. A method according to any of Claims 43 to 46, in which the animal is a human subject.

48. An antibody according to any of Claims 1 to 30, or an immunoconjugate thereof, for

use in therapy, imaging or diagnosis.

49.  An antibody or immunoconjugate according to Claim 48 for use in therapy, imaging or

diagnosis of a condition associated with CXCR4 expression or activity.

50. An antibody or immunoconjugate according to Claim 49, in which the condition
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 CXCRA4.

51. An antibody or immunoconjugate according to Claim 49 or Claim 50, in which the
condition or 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 arthritis, 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.

52. An antibody or immunoconjugate according to any of Claims 49 to 51, in which the

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;

(e) induction of CDC of CXCR4+ cells;
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() inhibition of metastasis formation caused by an existing cancer;
(2) inhibition of cancer cells invading new organs;

(h) inhibiting the attraction of CXCR4+ cells to the tumor stroma, and/or

activation of the cells to create a microenvironment favourable to the tumor;

(1) sensitizing tumor cells for treatment with other therapeutically effective

compounds.

An antibody or immunoconjugate according to any of Claims 48 to 52, in which the

therapy, imaging or diagnosis is carried out on a human subject.

54.

An antibody or immunoconjugate according to any of Claims 48 to 53, further

comprising the use of a second therapeutic agent, preferably the second therapeutic agent is as

defined in Claim 30.

55.

A method according to any of Claims 43 to 47, or an antibody or immunoconjugate for

use according to any of Claims 48 to 54, in which the antibody is a bivalent or polyvalent

antibody comprising at least two antigen binding fragments of the antibody.




