CLAIMS

An isolated antibody or fragment thereof that specifically binds to the extracellular domain of
CXCRS5, wherein the antibody or fragment thereof comprises a light chain variable domain

The antibody or fragment thereof of any one of claims 1 or 19-29, wherein the antibody or
fragment thereof compriges the constant domains Cy;, Cyyp, Cys, and C,i.

4, The antibody or frajyment thereof of claim 2, wherein the one or more constant region is domains

are from an IgG antibody.
5s The antibody or fragment thgreof of Claim claim 4, wherein the IgG antibody is an 1gG4 antibody.

6. An isolated nucleic add moleculg encoding the antibody or fragment thereof of any one of claims 1

or 19-29.

7 A vector comprising the nucleic acid mplecule of claim 6.

8. An isolated host cell comprising the vector &f claim 7.

9. The antibody or fragment thereof of any oné\of claims 1 or 19-29, wherein the antibody or

fragment thereof is a single chain Fv antibody.

10. Use of a CXCR5 antagonist in the manufacture of a iedicament for the treatment of a CXCRS-
related disease, wherein the CXCR35 antagonist comprises the aitibody or fragment thereof of any one of
claims 1 or 19-29.

11. Use of claim 10, wherein the CXCRS5-related disease is rheumatiid arthritis,

12. A method of making the antibody or fragment thereof of any one of &laims 1 or 19-29, comprising:
(a) identifying a human variable region homologous to a variable regipn of a non-human
CXCRS antibody;

(b) identifying from molecular conformations of a variable region of saidon-human CXCR5
antibody, amino adds which are flexible and amino adds that flank said flexible rgsidue and retain

the molecular conformation of said variable region;
(c) identifying amino acids homologous to said identified amino acids of step (b)\in said

human variable region;
(d) replacing said identified amino acids of step (b) with said identified amino acids
to produce a humanized variable region; and
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(e) joining said humanized variable region of step (d) with a human sequence to yield a
humanized polypeptide that specifically binds CXCRS.

The method of claim 12, wherein said step (b) comprises molecular dynamic modeling.

14. The method of claim 12, wherein step (d) comprises not replacing amino adds more than 5 A from
a complymnentarity determining region.

15. The Wethod of claim 12, further confirming said humanized variable region of step (d) resembles a
human antibody by comparing said humanized variable region sequence with the sequences of a collection
of human antibody sequences.

16. The method of claim 12, further confirming said humanized variable region of step (d) resembles a
human antibody by comRaring said humanized variable region trajectory with the sequences of a collection
of human antibody trajectoxi

17. The method of claim I, wherein the humanized variable region of step (d) does not comprise a B
cell epitope or a T cell epitope.

18. A pharmaceutical composiNon comprising a pharmaceutically acceptable carrier and a
therapeutically effective amount of the axtibody or fragment thereof of any one of claims 1 to 9 or 19-29.

19. An isolated antibody or fragment thereof that specifically binds to the extracellular domain of
human CXCR5, wherein the antibody or ment thereof comprises the amino acid sequences of
RSSKSLLHSSGKTYLY, RMSNLAS, MQHLEYXPYT, GFSLIDYGVN, VIWGDGTTY, and IVY.

20. An isolated antibody or fragment thereof that specifically binds to the extracellular domain of
human CXCRS5, wherein the antibody or fragment thereof comprises a light chain variable domain
comprising the amino acid sequence of SEQ ID NO: 13, SEQ ID NO: 14, or SEQ ID NO: 15 and a heavy
chain variable domain comprising the amino acid sequence oKSEQ ID NO: 16.

21. An isolated antibody or fragment thereof that specifical]ly binds to the extracellular domain of
human CXCRS, wherein the antibody or fragment thereof comprises

(a) the amino acid sequences of RSSKSLLHSSGKTYLY, RLSNLAS, and MQHLEYPYT, or

the amino acid sequences of RSSKSLLHSSGKTYLY, RLSSNLAY, and MQHLEYPYT; and

(b) the amino acid sequences of GFSLIDYGVN, VIWGDGTTY\and IVY.
22, An isolated antibody or fragment thereof that specifically binds to the extracellular domain of
human CXCRS, wherein the antibody or fragment thereof comprises variable lighkchain (VL) comprising
the amino acid sequence of SEQ 1D NO: 17, SEQ ID NO: 19, or SEQ ID NO: 21 any a variable heavy
chain (V) comprising the amino acid sequence of SEQ ID NO: 23.

23. An isolated antibody or fragment thereof that specifically binds to the extraceNplar domain of
human CXCRS, wherein the antibody or fragment thereof comprises a light chain vaNable domain
comprising the amino acid sequence of SEQ ID NO: 28 and a heavy chain variable domain cotyprising the
amino acid sequence of SEQ ID NO: 29.
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24. An isolated antibody or fragment thereof that specifically binds to the extracellular domain of
human CXCRS5, wherein the antibody or fragment thereof comprises a variable light chain comprising the
amino acid sequence of SEQ ID NO: 30, SEQ ID NO: 31, or SEQ ID NO: 32, and a variable heavy chain
mprising the amino acid sequence of SEQ 1D NO: 33 or SEQ ID NO: 34.

25. An isolated antibody or fragment thereof that specifically binds to the extracellular domain of
humak CXCRS, wherein the antibody or fragment thereof comprises:

the amino acid sequences of RSSKSLLHSSGKTYLY, RMSNLA, QHLEYPYT; the
acid sequences of RSSKSLLHSSGKTYLY, RLSNLA, and MQHLEYPYT; or the amino
uences of RSSKSLLHSSGKTYLY, RLSSLA, and MQHLEYPYT; and
amino acid sequences of GFSLIDYGVN, VIWGDGTTY, and IVY.

26. An isolated atibody or fragment thereof that specifically binds to the extracellular domain of
human CXCRS5, whereitthe antibody or fragment thereof comprises a variable light chain comprising the
amino acid sequence of SKQ 1D NO: 35, and a variable heavy chain comprising the amino acid sequence
of SEQ ID NO: 37.

27. An isolated antibody orragment thereof that specifically binds to the extracellular domain of
human CXCRS, wherein the antibodly or fragment thereof comprises a variable light chain comprising the
amino acid sequence of SEQ ID NO:'§9, SEQ ID NO: 41, or SEQ ID NO: 43, and a variable heavy chain
comprising the amino acid sequence of SEQ ID NO: 45 or SEQ ID NO: 47.

reof that specifically binds to the extracellular domain of
nt thereof comprises a variable light chain comprising the
riable heavy chain comprising the amino acid sequence

28. An isolated antibody or fragment
human CXCRS5, wherein the antibody or frag:
amino acid sequence of SEQ ID NO: 55, and a
of SEQ ID NO: 56 or SEQ ID NO: 57.

29. An isolated antibody or fragment thereof that Spccifically binds to the extracellular domain of
human CXCRS5, wherein the antibody or fragment thereof ¢gmprises:
(a) the amino acid sequences of RSSKSLLHSSOKTYLYW, RMSNLA, MQHLEYPYT; and
(b) the amino acid sequences of GFSLIDYGVN, WWGDGTTY, and IVY.
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CLAIMS

1. An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCR5, wherein the antibody or fragment thereof
comprises a light chain variable domain comprising the amino acid sequence of SEQ
ID NO: 11 and a heavy chain variable domain comprising the amino acid sequence of
SEQ ID NO: 12.

2. An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCR5, wherein the antibody or fragment thereof
comprises the amino acid sequences of RSSKSLLHSSGKTYLY, RMSNLAS,
MQHLEYPYT, GFSLIDYGVN, VIWGDGTTY, and IVY.

St An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
comprises a light chain variable domain comprising the amino acid sequence of SEQ
ID NO: 13, SEQ ID NO: 14, or SEQ ID NO: 15 and a heavy chain variable domain
comprising the amino acid sequence of SEQ ID NO: 16.

4. An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
comprises:

(a) the amino acid sequences of RSSKSLLHSSGKTYLY,
RLSNLAS, and MQHLEYPYT, or the amino acid sequences of
RSSKSLLHSSGKTYLY, RLSSNLAS, and MQHLEYPYT; and

(b) the amino acid sequences of GFSLIDYGVN, VIWGDGTTY, and
VY.

<} An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
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comprises variable light chain (V) comprising the amino acid sequence of SEQ ID
NO: 17, SEQ ID NO: 19, or SEQ ID NO: 21 and a variable heavy chain (V4)

comprising the amino acid sequence of SEQ ID NO: 23.

6. An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
comprises a light chain variable domain comprising the amino acid sequence of SEQ
ID NO: 28 and a heavy chain variable domain comprising the amino acid sequence of
SEQ ID NO: 29.

7. An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
comprises a variable light chain comprising the amino acid sequence of SEQ ID NO:
30, SEQ ID NO: 31, or SEQ ID NO: 32, and a variable heavy chain comprising the
amino acid sequence of SEQ ID NO: 33 or SEQ ID NO: 34.

8. The isolated antibody or fragment thereof of claim 7, wherein the antibody or
fragment thereof comprises a variable light chain comprising the amino acid sequence
of SEQ ID NO: 32, and a variable heavy chain comprising the amino acid sequence of
SEQ ID NO: 33.

9. An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
comprises:

(a) the amino acid sequences of RSSKSLLHSSGKTYLY, RMSNLA
MQHLEYPYT; the amino acid sequences of RSSKSLLHSSGKTYLY, RLSNLA, and
MQHLEYPYT; or the amino acid sequences of RSSKSLLHSSGKTYLY, RLSSLA, and
MQHLEYPYT; and

(b) the amino acid sequences of GFSLIDYGVN, VIWGDGTTY, and IVY.
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10. The isolated antibody or fragment thereof of claim 9, wherein the antibody or
fragment thereof comprises the amino acid sequences of RSSKSLLHSSGKTYLY,
RLSSLA, MQHLEYPYT, GFSLIDYGVN, VIWGDGTTY, and IVY.

1. An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
comprises a variable light chain comprising the amino acid sequence of SEQ ID NO:
35, and a variable heavy chain comprising the amino acid sequence of SEQ ID NO:
37.

12. An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
comprises a variable light chain comprising the amino acid sequence of SEQ ID NO:
39, SEQ ID NO: 41, or SEQ ID NO: 43, and a variable heavy chain comprising the
amino acid sequence of SEQ ID NO: 45 or SEQ ID NO: 47.

13.  An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
comprises a variable light chain comprising the amino acid sequence of SEQ ID NO:
55, and a variable heavy chain comprising the amino acid sequence of SEQ ID NO: 56
or SEQ ID NO: 57.

14. An isolated antibody or fragment thereof that specifically binds to the
extracellular domain of human CXCRS5, wherein the antibody or fragment thereof
comprises:

(a) the amino acid sequences of RSSKSLLHSSGKTYLYW,
RMSNLA, MQHLEYPYT; and

(b) the amino acid sequences of GFSLIDYGVN, VIWGDGTTY, and
VY.
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15. The antibody or fragment thereof of any one of claims 1-14, wherein the

antibody or fragment thereof comprises one or more constant region domains.

16. The antibody or fragment thereof of any one of claims 1-14, wherein the
antibody or fragment thereof comprises the constant domains Cy;, Cyz, Cus, CL oOr

combinations thereof.

17. The antibody or fragment thereof of claim 15, wherein the one or more constant

region domains are from an 1gG antibody.

18. The antibody or fragment thereof of claim 17, wherein the IgG antibody is an
19G4 antibody.

19. The antibody or fragment thereof of any one of claims 1-14, wherein the

antibody or fragment thereof is a single chain Fv antibody.

20. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and a therapeutically effective amount of the antibody or fragment thereof of

any one of claims 1-19.

21. Use of a CXCR5 antagonist in the manufacture of a medicament for the
treatment of a CXCR5-related disease, wherein the CXCR5 antagonist comprises the

antibody or fragment thereof of any one of claims 1-19.

22. Use of claim 21, wherein the CXCRb5-related disease is pancreatic cancer,
colon cancer, bladder cancer, T cell leukemia, B cell leukemia, lupus, Sjoren's
Syndrome, myasthenia gravis, multiple sclerosis, ulcerative colitis, rheumatoid arthritis,

psoriatic arthritis, chronic inflammatory diseases, or grafts undergoing rejection.

23. Use of claim 21, wherein the CXCR5-related disease is rheumatoid arthritis.
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24, An isolated nucleic add molecule encoding the antibody or fragment thereof of

any one of claims 1-14.

25. A vector comprising the nucleic acid molecule of claim 24.

26.  Anisolated host cell comprising the vector of claim 25.
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