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What is claimed:

1. An isolated human monoclonal antibody, or an antigen-binding portion thereof;,

wherein the  antibody binds to native human CXCR4 expressed on a cell surface.

2. The antibody of claim 1, wherein the antibody inhibits binding of SDF-1 to

antibody of claim !, wherein the antibady does not inhibit binding of SDF-1

expressing human XCXCR4.

5. The antibody of claim\i, which inhibits SDF-1-induced migration of cells

expressing human CXCR4

6. The antibody of claim 1, whici\inhibits capillary tube formation by human

umbilical vein endothelial cells.

7. The antibody of claim 1, which induces wpoptosis in cells expressing human

CXCR4.

8. The antibody of ciaim 1, which inhibits growth oNnduces apoptosis of CXCR4™

tumor cells in vivo,

9. The antibody of claim 1, wherein said antibody binds to huxpan CXCR4 with a
Kpof 1 x 107 M or less.

10. The antibody of claim 9, wherein said antibody binds to human CX
Kp of 5x 10 M or less.
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11. An isolated human monoclonal antibody, or an antigen-binding portion thereof,
wherein the antibody:

(a) binds to native human CXCR4 expressed on a cell surface;

(b) inhibits binding of SDF-1 to human CXCR4,

(c) inhibits SDF-1-induced calcium flux in cells expressing human CXCR4;
(d) inhibits SDF-1-induced migration of cells expressing human CXCR4; and

(e) inhibits capillary tube formation by human umbilical vein endothehal cells.

CXCR4" tumor ceNs in vivo.

14. The antibody of claim 11, which inhibits binding of SDF-1 to human CXCR4
with an ECsq of 50 nM or le
15. The antibody of claim 11, whish inhibits SDF-1-induced calcium flux in cells
expressing human CXCR4 with an EXsg of 3 nM or less.

16. The antibody of claim 11, which inhibi?§ SDF-1-induced migration of cells

expressing human CXCR4with an ECso of SORM or less.

17. Anisolated human monoclonal antibody, or antlgen binding portion thereof,
wherein the antibody cross-competes for binding to CX{R4 with a reference
antibody, wherein the reference antibody comprises:
(a) a heavy chain variable region comprising the aminoxcid sequence of SEQ
ID NO: 25 and a light chain variable region comprising\he amino acid
sequence of SEQ ID NO: 29; or
(b) a heavy chain variable region compnising the amino acid seqignce of SEQ
ID NO: 26 and a light chain variable region comprsing the aming acid
sequence of SEQ ID NO: 30; or
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(c) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO: 27 and a light chain variable region compnsing the amino acid
sequence of SEQ ID NO: 31; or

(d) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO: 28 and a light chain variable region compnsing the amino acid

sequence of SEQ ID NO: 32.

n isolated monoclonal antibody, or an antigen-binding portion thereof,

ising a heavy chain variable region that is the product of or denved from a

19. An isolated mdgoclonal antibody, or an antigen-binding portion thereof,

comprising a light chijn variable region that is the product of or derived from a

human Vi L15 gene,
wherein the antibody sp¥gifically binds human CXCRA4.

20. An isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising a heavy chain variable regiom\that is the product of or denved from a human
Vi, 3-48 gene and a light chain variable regign that is the product of or denived from a

human Vi L15 gene, wherein the antibody spedfically binds human CXCR4

21. The antibody of claim 1, which comprises:

(e) alight chain variable region CDR2 comprising SEQ IDWO: 17; and
() alight chain variable region CDR3 comprising SEQ ID N

22. The antibody of claim 1, which comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 2;

(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 6;
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(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 10;
(d) a hight chain vanable region CDR1 comprising SEQ ID NO: 14;

(e) alight chain varable region CDR2 comprising SEQ ID NO: 18; and
() alight chain variable region CDR3 comprising SEQ ID NO: 22,

23. The antibody of claim 1, which comprises:

(a) a heavy chain variable region CDR1 compnising SEQ ID NO: 3;
b) aheavy chain variable region CDR2 compnsing SEQ ID NO: 7;
(c)\ 2 heavy chain variable region CDR3 comprising SEQ 1D NO: 11;
(d) light chain variable region CDR1 compnsing SEQ ID NO: 15;
(e) a Mght chain variable region CDR2 comprising SEQ ID NO: 19; and
(f) alighnchain variable region CDR3 comprising SEQ ID NO: 23.

24. The antibody of claim I, which comprises:
(a) aheavy chain Wriable region CDR1 comprising SEQ ID NO: 4;
(b) aheavy chain variable region CDR2 compnsing SEQ ID NO: 8;
(c) aheavy chain vanablg region CDR3 compnsing SEQ ID NO: 12;
(d) a light chain variable regon CDRI comprising SEQ ID NO: |6;
(e) alight chain variable regiohCDR2 comprising SEQ ID NO: 20; and
(f) alight chain variable region CRR3 comprising SEQ ID NO: 24

25. An isolated monoclonal antibody, or antigkp binding portion thereof, comprising:
(a) a heavy chain variable region comprisigg an amino acid sequence
selected from the group consisting of SEQ ID NOs: 25-28 and 41-44; and
(b) a light chain variable region comprising an dnino acid sequence selected
from the group consisting of SEQ ID NOs: 29-%2 and 45-48;
wherein the antibody specifically binds human CXCR4.

26. The antibody of claim 25, which comprises:
(a) a heavy chain variable region comprising the amino acid séquence of
SEQ ID NO: 25 or 41; and
(b) a light chain variable region comprsing the amino acid sequence\of SEQ

1D NO: 29 or 45.
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27. The antibody of claim 25, which compnises:
(a) a heavy chain variable region comprising the amino acid sequence of
SEQ ID NO: 26 or 42; and
(b) a light chain variable region compnsing the amino acid sequence of SEQ

ID NO: 30 or 46.

28\ The antibody of claim 25, which compnses:

(a) a heavy chain variable regton compnising the amino acid sequence of
SEQ ID NO: 27 or 43; and

light chain variable region compnsing the aﬁino acid sequence of SEQ

IDWO: 31 or 47.

29. The antibody of dlaim 25, which comprises:
(a) a heavy chail variable region comprising the amino acid sequence of
SEQ ID NO: 28\r 44; and
(b) a light chain varia
ID NO: 32 or 48,

region comprising the amino acid sequence of SEQ

30. A composition comprising the antibody, or antigen-binding portion thereof, of

claim 1, and a pharmaceutically acceptalle carrier.

31. An immunoconjugate comprising the antibo¥y, or antigen-binding portion

thereof, of claim 1, linked to a therapeutic agent.

32. A composition comprising the immunoconjugate of cjim 31 and a
pharmaceutically acceptable carrier.
11s a cytotoxin.

33. The immunoconjugate of claim 31, wherein the therapeutic ag

34. A composition comprising the immunoconjugate of claim 33 and a

pharmaceutically acceptable carrier.
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35. The immunaoconjugate of claim 31, wherein the therapeutic agent is a

radioactive isotope.

36. A composition comprising the immunoconjugate of claim 35 and a

pharmaceutically acceptable carrier.

7. An isolated nucleic acid molecule encoding the antibody, or antigen-binding

poxtion  thereof, of claim 1.
38. An dpression vector comprising the nucleic acid molecule of claim 37.
39. A host celNcomprising the expression vector of claim 38,

40. A method for prapaning an anti-CXCR4 antibody which comprises expressing

the antibody in the hostgll of claim 39 and isolating the antibody from the host cell.

41. A method of modulating 8XCR4 activity in a cell comprising contacting the cell
with the antibody, or antigen-bintkng portion thereof, of claim 1 such that CXCR4

activity in the cell 1s modulated.

42. The method of claim 41, wherein CXGR4 activity is modulated in vitro by

culturing the cell with the antibody, or antigerkbinding portion thereof.

43. The method of claim 41, wherein CXCR4 activity is modulated in vivo in a
subject by administering to the subject the antibody, orgntigen-binding portion

thereof.

44. The method of claim 41, wherein the cell is a tumor cell expxessing CXCR4 and
the method results in inhibition of growth of the tumor cell or inhibXion of

metastasis of the tumor cell’

4S5. The method of claim 41, wherein the cell is a T cell expressing CXCR4%gnd the

method results in inhibition of entry of HIV into the cell. ~
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46. The method of claim 41, wherein the cell is a lymphocyte in an inflammatory

disorder and the method results in inhibition of inflammation.

47. The method of claim 41, wherein the cell is involved in vascularization and the

method results in modulation of angiogenesis.

A method of stimulating mobilization of CD34" stem cells from bone marrow to

eral bload in a subject, the method comprising administering to the subject the

perp
10 antibod or antigen-binding portion thereof, of claim | such that mobilization of
CD34" stecells from bone marrow to peripheral blood is stimulated.

49. The method d{ claim 48, which further comprises collecting the CD34" stem

cells from the periphgral blood.




Claims

A human monoclonal antibody, or an antigen-binding portion thereof, which binds
specifically to native human CXCR4 expressed on a cell surface and comprises:

a heavy chain variable region CDR1 comprising amino acids having the sequence set
forth in SEQ ID NO: 1;

a heavy chain variable regi(;n CDR2 comprising amino acids having the sequence set
forth in SEQ ID NO: 5;

a heavy chain variable region CDR3 comprising amino acids having the sequence set
forth in SEQ ID NO: 9;

a light chain variable region CDR1 comprising amino acids having the sequence set

forth in SEQ ID NO: 13;

a light chain variable region CDR2 comprising amino acids having the sequence set

forth in SEQ ID NO: 17; and

a light chain variable region CDR3 comprising amino acids having the sequence set

forth in SEQ ID NO: 21.

The monoclonal antibody, or antigen-binding portion thereof, of claim 1, which

comprises:

a heavy chain variable region comprising amino acids having the sequence set forth in
SEQ ID NO: 25 and a light chain variable region comprising amino acids having the
sequence set forth in SEQ ID NO: 29.

The monoclonal antibody of claim 1 or claim 2, wherein said monoclonal antibody is

a full-length antibody.

The monoclonal antibody of claim 3, wherein said monoclonal antibody is of the

IgG1 or IgG4 isotype.

The monoclonal antibody antigen-binding portion of claim 1 or claim 2, wherein said
antigen-binding portion is a Fab fragment, a F(ab'), fragment, a Fab' fragment, a Fd

fragment, a Fv fragment, or a scFv.

The monoclonal antibody antigen-binding portion of claim 5, wherein said antigen-

binding portion is a F(ab'), fragment.
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10.

11.

12.

13.

14. -

An immunoconjugate comprising the monoclonal antibody, or antigen-binding
portion thereof, of any one of claims 1 to 6, linked to a therapeutic agent;

optionally wherein the therapeutic agent is a cytotoxin or a radioactive isotype.

A bispecific molecule comprising the monoclonal antibody, or antigen-binding
portion thereof, of any one of claims 1 to 6 linked to a second functional moiety
having a different binding specificity than the monoclonal antibody or antigen-

binding portion thereof.

A composition comprising a pharmaceutically acceptable carrier and either:

(a) the monoclonal antibody, or antigen-binding portion thereof, of any one of
claims 1 to 6;

(b)  the immunoconjugate of claim 7; or

(©) the bispecific molecule of claim 8.

An isolated nucleic acid encoding the monoclonal antibody, or antigen-binding

portion thereof, of any one of claims 1 to 6.
An expression vector comprising the nucleic acid of claim 10.
A host cell comprising the expression vector of claim 11.

A method for preparing an anti-CXCR4 antibody, or an antigen-binding portion
thereof, which comprises expressing the antibody or antigen-binding portion thereof
in the host cell of claim 12 and isolating the antibody or antigen-binding portion

thereof from the host cell.

An in-vitro method of modulating CXCR4 activity in a cell comprising contacting the
cell with the monoclonal antibody, or antigen-binding portion thereof, of any one of
claims 1 to 6 such that CXCR4 activity in the cell is modulated;

optionally wherein:

(a) the cell is a tumor cell expressing CXCR4 and the method results in inhibition
of growth of the tumor cell or inhibition of metastasis of the tumor cell;

()] the cell is a T cell expressing CXCR4 and the method results in inhibition of
entry of HIV into the cell;

(©) the cell is a lymphocyte in an inflammatory disorder and the method results in

inhibition of inflammation; or
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(d) the cell is involved in vascularization and the method results in modulation of angiogenesis.

15. The monoclonal antibody, or antigen-binding portion thereof, of any one of claims 1 to 6 for use
in a method of modulating CXCR4 activity in a cell of a subject, wherein:
(a) the cell is a tumor cell expressing CXCR4 and the method results in inhibition of growth
of the tumor cell or inhibition of metastasis of the tumor cell in the subject;
(b) the cell is a T cell expressing CXCR4 and the method results in inhibition of entry of HIV
into the cell of the subject;
(c) the cell is a lymphocyte in an inflammatory disorder and the method results in inhibition
of inflammation in the subject; or
(d) the cell is involved in vascularization and the method results in modulation of

angiogenesis in the subject.

16. The monoclonal antibody, or antigen-binding portion thereof, for use according to claim 135,
wherein the tumor cell is chosen from a cell of a breast cancer, an ovarian cancer, a prostate cancer, a
non-small cell lung cancer, a pancreatic cancer, a thyroid cancer, a nasopharyngeal carcinoma, a
melanoma, a renal cell carcinoma, a lymphoma, a neuroblastoma, a glioblastoma, a
rhabdomyosarcoma, a colorectal cancer, a kidney cancer, an osteosarcoma, an acute lymphoblastic

leukemia, an acute myeloid leukemia, a small-cell lung carcinoma, and a metastatic lung cancer.

17. The monoclonal antibody, or antigen-binding portion thereof, of any one of claims 1 to 6 for use
in a method of transplantation comprising stimulating mobilization of CD34+ stem cells from bone

marrow to peripheral blood; optionally wherein the method further comprises collecting the CD34+

stem cells from the peripheral blood.
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