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ANTIBODIES AND USES THEREQF

TELD OF THE INVENTION

0001} The present invention relates generally to antibodies that specifically bind an
epitope within CXCR3, and methods of using the antibodies. The present invention is alse

related 10 an epitope within CXCR3 and methods of using the epitope.

BACKGROUND OF THE INVENTION

0002} CXCR3 is an inflammatory chemokine receplor whose expression is
associated with €T Type-1 helper (Th} and CDS™ eytetoxic lymiphoeytes (CTLs). Tn
addition to CXURY expression on effector CD4” and CD8™ T cells, CXCR3 is also highly
expressed on nnate Ivimphocytes, such as natural kitler (NKJ cells and NKT cells, and on
plasmacyiotd DOs and subsets of B cells. CXCR3 binds three chemokines: CXCLY (also
known as monokine induced by gammainterferon, MIG), CXCLIO (interferon-inducsd
protein of 10 kDa, IP-10) and CXCLUT (uterferon-inducible T-cell alpha chemoattractant,
FTACY.  The binding of CXCR3 to these ligands, which themselves are induced by
mflammgtory cytokines, mediates cell migmtion, thereby coordinating nflammation in the

penphery.

{0003} Because of the expression of UXCR3 on effector cells, and its role in gell
migration and iflammation, therg 1s 4 need for improved molecules specific for CXCR3
that can be gsed to inhibit cell migration andfor inflammiation.  For example, sugration of
activated T-cells to the graft following transplantation results in donor organ damage and is
a halimark of acute and chronic rgjection. A wide vanety of immunosuppressive agents
are gvailabde and routinely used in clinics to reduce the rgjection gpisodes and to mprove
both shott and tong-term graft survival, However, their mode of action often resulis in a
complets shut down of the immune system and their use relies on indefinite uptake. As
such, they are tepically associated with side effects such as opportunistic infections,
bymphoproliferative disorders or cardiovascular diseases. Accordingly, the development of
more spectfic drugs able to indoce transplantation tolerance and thus eliminate the
constraint of high doses of continuous immunosuppressive agents is a major goal in the

transplantation field.
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SUMMARY OF THE INVENTION

[6004] The present invention relates generally to antibodies that specifically bind an
epitape within CXCR3, and methods of making and using the antibodizs. The present

invention is also related 1o an epitape within CXCR3 and methods of using the epitope.

{B005] In one aspect, the present invention i3 divected to an isolated antibody or
antigen-binding fragment thereot that specitically binds to an epitope within amino acd
restdues 23 to 44 of the human CXCR3 set forth in SEQ ID NQ4. In one embodiment, the
epitape 15 within amino acid residues 23 10 43; 23 10 42; 2310 41, 23 10 40; 2310 39, 23 1o
38,23 0037, 2310 36, 231035, 231034, 2310 33: 2310 32; 230 31 23 10 30, 2310 29,
24044 24 1043, 24 1042: 24 1041; 24 1040, 24 10 39, 24 1038 24 10 37, 24 o 36, 2 (o
35,24 10 34, 2410 33, 24 v 32, 24 to 31, 24 10 30, 24 t0 29, 25 to 44 25 1o 43, 25 to 42
251041, 251040, 2531039, 231038, 251037, 251036, 231035, 231034, 251035, 25
3E 25031 250 30 26 to 44 2010 43; 26 0 42: 2o to 41, 26 to 40; 26 10 39 26 10 38;
261037261030, 261035, 261034, 2610 33: 26032 26 t0 31, 2T t0 44, 270 43; 2T 1o
42: 77 to 41 27 to 40, 27 to 39 27 to 38; 27 10 37; 27 1o 36; 27 to 35, 27 to 34; 27 to 33;
Tto 32, 28 to 44, 28 to 43, 28 to 42; 28 to 41, 28 to 40 28 to 3% 28 1o 38; 2R t0 37, 28 to
36; 28 10 35; 28 to 34; 28 to 33; 28 10 32; 20 10 44; 29 10 43; 29 1o 42; 2910 41; 29 1o 40;
2O 39; 280 3R 2%t 37 290 30 I8 0 35 2910 34: 300 44: 3010 43: 301042 30 1

41; 30 to 40, 30 to 39 30 to 3% 30 te 37; 30 to 36 and/or 30 to 35 of the human CXCR3

E

set forth in 3EQ 1D NO4. In a further embediment, the epitope consists of amine acid
vesidues 2510 35, 2510 34: 2510 33 25 w32, 251031 2510 30; 26 10 35, 261w 34, 26 o
33,2610 32, 2010 31 27 10 35; 27 to 34; 27 10 33; 27 to 32; 28 to 35; 2R 1o 34; 28 to 33;

29 10 35; 29 40 34 or 3010 35 of the human CXCR3 set forth tn SEG 1D NG

{Bi6] In another aspect, the prosent invention provides, an isolated antibody or
antigen-binding fragment thereof that specifically binds 1o a polypeptide consisting of
amino acld residues 23 to 44 of SEQ ID NO4  In ons embodiment, the polypeptide
consists of amiino acid residues 23 10 43; 23 042 231041 23 10:40; 23 10 39; 23 10 38; 23
037 234036 2310 35, 231034, 231w 33; 2310 32 23 1031 2340 30; 23 10 29, 2 o 4,
24 10 43; 24 1042, 24 1o 41 2410 40; 24 1039, 24 to 38 24 t0 37, 24 1o 36; 24 10 35, 24 wo

34, 24 10 33, 24 10 32 24 to 31, 24 to 30; 24 10 2%, 25 to 44, 2510 43 25 10 42, 25 1o 41

]
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S.

k2

to 34, 25 t0 33, 25 t0 32, 25 to

[OX]
B

5 to

i\)

2510 40, 25 to 3% 25 10 38, 25t 37, 25 to 36,

31,2510 30 26 to 44; 26 10 43, 26 t0 42, 2610 41, 26 to 40, 206 10 39 26 10 38§, 2610 37,
W 3G W0 w35 Wiw 34 W w33, 201w 32: 20w 3127 w4 271w 43 27w 42 27w
AL, 27 1040 2710 3% 2710 38, 2710 37 2710 36: 27 10 35 27 10 34 2740 33 2T 10 32
28 tod4; 28 to 43; 28 to 43, 28 to 41, 28 to 40; 28 to 3% 28 t0 38; 28 to 37, 28 t0 3¢6; 28 to
35, 210 34, 28 10 33 2R 1o 32, 29 to 44 2010 43, 29 10 42, 29 1o 41 29 to 40, 29 {0 39,
201038, 291w 37,2910 36, 201035, 2010 34, 301044, 301043, 301042, 301w 4l 30w
40, 30 ta 3% 3010 38, 3010 37, 30 to 36; and/or 30 10 35 of the human CXCR3 set forth in
SEQ D NO:4, In another embodiment, the polypeptide consists of amine acid residues 25
1035 251034, 2510 33, 2510 32 2510 31, 22 1030, 2010 35, 2610 34, 26 10 33, 2610 32;
20t 3L, 271w 35, 271034, 2710 3%, 2710 32, 2R 10 35, 2R 1o 34 2R 1o 3%, 2910 35, 29 1w

34 or 3o 35 of the human CXCR3 set fonrth in SEQ D N4,

{8007} The antibodies and antigen-binding fragments of the invention that
specifically bind o an epitope within amine acid residues 23 to 44 of the homan CXCR3
set forth to SEQ ID N4 may comprise a CDR-HI compnising the aming acid sequence
set forth in SEG ID NO:20 or a sequence of amino acids having at least or at least about
80%, 859, 0%, 1%, 92%, 93%, 94%, 95%, G6%, 97%, 98%, 9%P¢ or more sequence
wdentity to SEG 1D NO20; a CDR-H2 comprising the amino acid sequence set forth in
SEQ D NO:21 or a sequence of amino acids having al least or at least about 80%, §5%,
0%, 91%, 92%., 93%, 949%. 93%, 90%, 7%, 98%. B9% or more sequence identity to
SEE 10 NO2L 2 CDR-HZ comprising the amine acid sequence set forth in SEQ D
NO:22 or a sequence of anuno actds having at least or at least about 80%%, 85%, B0%, 91%
2%, 93, 94%, 95%, S0, 97%, 9€%, 8%% or more sequence tdentity to REQ D NOG:22;
a COR-LT: compnsing the amino acid sequence set forth in SEQ [D NO:23 or a sequence
of gmino geids baving at least or af least about R0%4, 8§3%, 90%, 1%, 92%, 93%, 94%,
3%, 96%, 97%, 98%, H9% or more sequence identity to SEQ I N(G:23; a CDR-LZ
comprising the amino acid sequence sei forth in SEQ ID NO:24 or a sequence of aming
acids having at least or at least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%
G708, 98%, 99% or more sequence rdentity to SEQ B MO:24; and 1 CDR-L3 c«ampri&ing
the amino achd sequence set forth in SEQ 1D NUO25 or a sequence of aming acids having at
least or at least about 80%, §5%, 90%, 91%, 92%, 93%, 9496, 95%, 96%, 97%, 98%, ¥9%

or more sequence identity to SEQ ID NO:2S. In particular examples, the antibodies or
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artizen-binding fragments comprise 3 CDR-HT with a sequence of amino acids set forth in
SEC 1D NGO 20, a CDR-HZ with a sequence of aminoe acids set forth in SEQ D NG21; a
CDR-H3 with a sequence of amino acids set forth in SEQ 1D NO:22. a CDR-L1 with &
sequence of amino acids set forth in SEQ 1D NO23, a UDR-L2 with a sequence of amino
acids set forth in SEQ 1D NOG24 and a CDR-L3 with a sequence of amino acids set forth
in SEQ D N{:2S.

[0008] In some embodiments, the antibodies and antigen-binding fragments of the
invention that specifically bind to an epitope within amino acid residues 23 1o 44 of the
human CXCR3 set forth 1o SEQ ID NO4 comprise a variable beavy chain comprising
sequence of amine acids set forth in SEQ I NGI3 or a sequence of aminoe acids having at
teast or about 80%;, B3%%, B0%, 91%, H2%, 93%, 94%;, 95%, 96%%, 97%, 98%, 99% ar more
sequence identity 1o SEQ ID NO:13, and a variable light chain comprising a sequence of
amino acids set forth in SEQ ID WNOS or a sequence of amine gcids having at east or
about 80%, 859, 90%, 91%, 92%, 93%, 94%, 958%, 96%, 97%, 98%, 99% or more
sequenee identity 1o SEQ 1D NO15. In other embodiments, the anitbodies and antigen-
binding ftagments comprise a vanable heavy chain compusiog sequence of amino acids
set forth in SEQ D NO:4T or a sequence of aming acids having at least or about 80%,
85%, 9%, 91%, 92%, 93%, 94%, 953%, 9a%, 97%, 98%, 8995 or more sequence 1dentity
to SEQ 1D N and a variable gt chain comprising a sequence of annne acids set
forth 10 SEQ 1D N 42 or a sequence of amino acids having at least or about 80%, 85%,
A0, 91%, V2%, 93%, 94%, 95%, 96%, 97%, 98%. 99% or more sequence identity to

SEQ D NO-42.

HHERY In another gspect, the ynvention provides an isolated antibody or antigen
binding fragment thereof that tinds to CXCR3, comprising a CDR-HI compnsing the
amino acid sequence set forth in SEQ 1D NOG:20 or a sequence of amino acids having at
teast or at leaat about 80%, B5%, 90%, 91%, 92%, 3%, 94%, 95%. 96, 97%, 98%, 99%
or more sequence tlentity SEQ 1D NOZ0; a CDR-HZ comprising the amine acid
sequence set forth in SEQ 1D NO2T or g sequence of gmino geids having ab least or at
least about 0%, 85%, 9%, 9%, 92%, 93%, 4%, F5%, 96%, 97%, 98%, 99% or more
seguence tdentity to SEG) 1D NGO2L, 2 CDR-H3 comprising the anune acid sequence set
forth in SEQ ID NO:22 or a sequence of amine actds having at least or at least about 80%,

85%, 90%, 91%, 92%, 93%., 94%, 958%:, 96%6, 97%, 98%, 99% or more sequence 1dentity

wd
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to SEG 1D NO:2E; a CDR-L1 comprising the amine acid sequence set forth in SEQ I
NEY23 or a sequence of aming actds having at least or at least about 0%, 85%, 90%, 91%,
Q2%, 9394, 94%, O58%, 96%., 97, 98%, 99% or more sequence identity to SEQ ID NO:23;
a CDR-L2 comprising the amino geid sequence set forth in SEQ ID NO:24 or a sequence
of anino acids having at least or at least about B0%:, 85%, 0%, 91%, 92%, 93%, 4%,
Q5%5, S6%, W7%, WB%, ¥9% or more sequence identity to SEQ 1D NO:24, and o CDR-L3
comprising the amino acid sequence set Torth in SEQ D N{O:25 or 3 sequence of amino

actds having at least or at least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%;, 96%,

7%, 98%%, 99% or more sequence identity to SEQ ID MO:2S,

{B016] In one embodiment, the antibody or antigen-binding fragment comprises a
CDR-HI1 with g sequence of anino acids set forth v SEQ 1D NO:20, a CDR-H2 with a
sequence of aminoe acids set forth in SEQ D NG 21, a CDR-H3 with a sequence of aming
acids set forth in SEQ 1D NO:22; ¢ CDR-L1 with g sequence of anuno geids set forth in
SEQ 13 NO:23; a CDR-L2 sath 2 seguence of amino acids set forth in SEQ 1D NQ:24;
and a CDR-L3 with a sequenee of amine acids sef forth i 5EQ ID NORS. Far example,
the antibody or antigen-binding fragment may comprise a variable heavy chain comprising
sequence of amino acids set forth in SEQ 1D NO:13 or a sequence of amino acids having at
teast or ghout B0%;, 85%, 90%%, 91%, 9226, 3%, 94%,, 93%, 96%, 97%, 8%, 99% or more
sequence identity to SEQ 1D N3, and a variable light chain comprising a sequence of
amino acids set forth in SEQ ID NOULS or a sequence of amino acids having at feast or
about 0%, 35%, WO%, Q1% Q2% 3%, 94%, 03%, Q8% 97%, 98%, 99% or mote
sequedice tdentity to SEQ 1D NO:1S In other examples, the antibody or antigen-binding
fragment comprises a variable heavy chaly comprising sequence of amino acids set forth in
SEQ 1D NOAT or a sequence of amino acids having at {zast or about 80%, 85%, 908,

Q1%%, 92%, 93%, Q4% Q8% 96U, 97%, 98%, 99% or more sequence identity to SEQ 1D
N4, and a variable light chain comprising 2 sequence of amino acids set forth in SEQ
I3 NO:42 or 4 sequence of amino acids having at least or abont 8%, 85%, 80%, 9195,

2%, 93, 94%, 95%, U6%, 97%, 98%, 99% or more sequence identity to SEQ D N(G42Z

{011} In some instances, the antibodies and antigen-binding fragments of the
imvention are moucctonal autibodies o antigen-binding fragmenis of monocional
antibodies. In one embodiment, the antibody or antigen-binding fragment 1s multivalent,

In further embodiments, the antibody or antigen-hinding fragment 15 a chimeric or
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humanized antibody or antigen-binding fragment. In particular embodiments, an antigen-
binding fragment of the invention is a Fab fragment, Fab' fragment, F{ab'y, fragment, Fv
fragment, disulfide-linked Fv (dsFv), Fd fragment, Fd' fragment, single-chain Fv {scFv),

single~chain Fab (scPab), domain antibody, dizhody, trizbody or tetrabody

{6t 2] The antibodies and antigen-binding fragments of the invention may exhibit
artibody-dependent cellular cytotoxicity (ADCC) acuvity and/or complement dependent

eyvtotoxicity (CDC) activity,

{0013} In some embodiments, anfibodies and antigen-binding fragments of the
invention are hked to one or more other moieties, such as, for example, a polymer, small

molecule, peptide or polypeptide. In some instances, the moiety 15 a cytotoxic agent.

{a014] The present invention also provides isolated nucleic acid molecules encoding

the antibodies and antigen-binding fragments of the invention.

{0013] lu one aspect, the inveniion provides an isolated nucleic acud molecule
compnsing a sequence of nucleotides set forth in SEQ ID NO: 26 or a sequence of
nucleotides haviog at least ot at least about B0%, 85%, 0%, 91%, 92%, 93%, 94%, 93%,
969, 97%, 98%, 99% or more sequence identity to SEQ ID NO:26; a sequence of
nucleotides set forth in SEQ D NO: 27 or a sequence of nucleotides having st least or at
least about 8006, 85%, 90%, O1%, 02%, 03%, 04%, 05%, O6%, 079, Q8% 09% ur more
sequence identity to SE(} ID NO27. and a sequence of nucleotides set forth in SEQ ID
NG 28 or a sequence of nucleotides having at feast or at teast about 80%%, 85%%, 5(0%, 91%4,

9285, 3%, 94%:, 95%, V6%, 97%, 98%6, 9% or more sequence dentity to SEQ 1D NO28.
In some examples, the nocleic acid molecule comprises a sequence of nucleotides set forth
in SEQ 1D NO1Z or a sequence of nucleotides having at least or at least about 80%, 85%,
0%, 91%%6, 92%, 93%, 94%, 93%, 96%, 9704, W8%, 99% or more sequence identity 1o

SEQ I NO:12.

{301 6] In another aspect, the invention provides ap isclated nucleic acid molecule
comprising & sequence of nucleotides set forth in SEQ 1D NO: 29 or 2 sequence of
nuclestides having at least or at least about 0%, 83%%, 00%, 01%, Q2% 93%, 9d4%; 05%,
6%, W7%, 98%%, 99% or more sequence idenuty to SEQ I NO:2P, a sequence of
nucleotides set forth in SEQ D MO 30 or a sequence of nucleotides having at least or at

least about 8%, §5%, D0%, D1%, 2%, 93%. 4%, 95%, 96%, 97%. 98%%, 99% or more
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sequence dentity to SEQ 1D NO3O; and a sequence of nucleotides set forth in SEQ 1D
NEY: 31 or a sequenze of nucleotides having at least or at least about B0%, 85%, 90%, 91%,
Q2%, 93%, 94%, 05%, 96%, 7%, 98%, 99% or more sequence identity to SEQ ID NO:31.
In one embodiment, the nucleic acid meolecule comprises a sequence of nocleotides set
forth in SEQ 1D N4 or a sequence of nucleotides having at least or at Ieast about 80%,

i iy g AT o
R5%4, Q0% R1%, 92Y%, 93%

- 7

4%, 05%, 96%, 97%, 98%, 9%% or roare sequence identity

1o SEQ D NO 14

8017} The invention also provides an tselated nuvleic acid molecule comprising a
sequence of nucleotides set forth i SEQ 1D NG4S or a sequence of nucleotides having at
feast or at least about 80%:, 853%6, 9%, 1%, 92%, 93%0, W4%, 95%;, 9656, 97%, 98%, 99%
or more sequence identity to SEQ TD NG4S, a sequence of nucleotides set forth in SEQ
I3 N(O46 or a sequence of nucleotides having at least or at least about 80%, 859, 90%,
1%, 92%, 93%, 94%, 953%, D6%, 97%, 98%, 9Y% or morg sequence identity to SEQ 1D
NO:46;, and a sequence of nucleptides set forth in SEO ID NG47 or a sequence of
nucleotides having at least or at least about 80%, 85%, 90%. 91%. 92%, 93%, 94%, %5%,

Ga%%, D7%, 98%4, 99% or mote sequence identity 1o SEQ 1D NO:47. T some examples, the
nucleic actd mwlecule comprises a sequence of nucleotides set forth in SEQ 1D NO:43 or g
sequence of nucleotides having at least or at least about 80%, 83%, 9%, 91%, 92%, 93%,

4%, 93%, 96%, 97%, 98%h, 99% or more sequencs identity to SEQ 1D NG:43,

{B018] In another aspect, the invention provides an isolated mucleic actd moleculs,
comprising a sequence of noclectides set forth (n SEQ 1D NO48 or g sequence of
nucleotides having at least or at least about 0%, 858%%, 90%, Y1%, 9%, 93%, 94%, 95%,
96%, 7%, 98%, 99% or more sequence wdeniity to SELY ID NO:48) a sequence of
nucteotides sel forth in SEQ ID NG990 a sequence of gucleotides having at least or al
teast about 80%, 85%, B0%, 1%, #2%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
sequence identity to SEQ 1D NG:49; and a sequence of nucleotides set forth in SEQ ID
NOS0 or & sequence of nucleotides having at least or at least about 0%, 85%, 90%, 91%,
92%, 93%, 94%, 93%, 96%%, BT%, 98%., 99% or more sequence identity 1o SE 1D NOHAG,
In one embodiment, the isolated nueleie acid molecule comprises a sequence of
nucleotides set forth 1o SEQ ID NO:44 or a sequence of nucleotides baving at least or gt
lzast about 809G, B3%, 90%, O1%, 92%, 93%,, 94%, ©3%4, Q6% 7%, O8%, 99% or more

sequence identity o SEQ 1D NO44,



WO 2014/186842 PCT/AU2014/050048

[6019] The present invention also provides vectors comprising one of more nucleic
acid molecules described herein, cells comprising one or more nucleic acid molecules or
vectors described herein, and recombinant cells that produce any one or more antibodies or
antigen-binding fragments descrbed heorein. The invention also provides compositions
comprising one or more of the antibodies or antigen-binding fragments, nucleic acid

modecnles and/or vectors described hetein,

6028} In & further aspect, the mvention is direcied o a method for depleting
CXOR3™ cells in a subject, comprising administering to the subject an effective amount of
an antibody or antigen-binding fragment of the invention. In another aspect, the invention
provides a method for inhibiting the recruitment or migration of CXCR3™ celis to an
inflammation site in a subject, comprising administering to the subject an effective amount
of the antibody or antigen-binding fragment of the invention. In some embodiments, the
cells are CXCRIT/CDA™ T colls, CXCRACDS™ T cells and/or CXCRI/B220" B cells. In
further embodiments, the subject bas received, 18 receiving or s to receive a grafl o

iransplant.

{60211 In another aspect of the invention, provides is a method for inlubiting graft or
transplant rejection in a subject that has received, is receiving or is to veceive a grafl or
transplant, comprising administering to the subject an effective amount of an anttbody or

antigen-binding fragment described herein,

{6022} ln some embodiments of the methods of the invention, the gradt i3 an
attograft or xenograft, or the transplant is an allotransplant or xenotransplant, In particular
examyples, the graft or transplant 13 selected from among 8 heart, kidney, lung, liver,
pancress, pancreatic islets, brain tissue, stomach, large intestine, small intestine, carnea,
skin, traches, bone, bone marrow, muscle and bladder graft or transplant.  In some
instances, the antibody or antigen-binding fragment is administered to the subject before,

at the same time and/or atter the subject has received the grafl or transplant.

[6023] Iy vne embodiment of the methods of the invention, the aptibody or antigen-
binding fragment is administered to the subject two or miore times. In some examples. the
methods further comprise admipistering to the sobject one or more other therapoutic
agents, such as a oviokineg {eg imerleukin 23, chemokine or antibody.  In particular

embodimoents, the therapeutic agent s an inununosuppressive agend, such as, for example,



WO 2014/186842 PCT/AU2014/050048

a glucocorticeld, cyelosporine, rapamycin, vaclosponin, siralimus, everolimus, tacrolimus,
mycophenolate mofetdl, wycopbenolic  actd, mizorbine, an SIP-B agonists, a
malononitrilamide, an anti-CD3 antibody, an antt -CD2S antibody, an anti-CD5Z antibody,

an anti-CD20 antibody or an anti-turior necrosis factor antibody.

{624} In a further aspect of the invention, provided is a wethod for measuring or
detecting CXCR3 in a sample, comprising contacting the sample with an antibody or
antigen-binding fragment described herein and measuring or detecting binding of the
antibody or antigen-Mnding fragment to the CXCR3. The sample may comprise one or

more cells expressing CXCR3. In some examples, the sample comprises blood, cells or

tissue,
{B025] Also provided are uses of an amtibody or antigen-binding fragment of the
invention for the preparation of a medicament for depleting CXCR3™ cells; the preparation

of a medicament for inhibiting the recruiiment or migration of CXCR3™ cells to an
inflanmaiion site; and/or the preparation of a medicament for inhibiting graft rejection in a

subject that has received, s receiving or is 10 receive a graft,

3026} A further aspect of the invention provides an isolated peptide consisting of
amino acid residues 23 to 44 2310 43 23 10 42; 23 to 41 23 10 40, 25 10 39, 23 t0 38 23
0373036231035, 231034, 231033, 2310 32: 23 0 31 23 10 30; 23 to 29, 2440 44,
231043 241042 24 041 24 10 40; 24 10 39 24 10 3R 24 10 37 24 to 30 24 10 35 24 1
34241033, 24w 3 24031 24 t0 30 24 1029, 35 to 44 2510 43, 25 10 42; 25 to 41

25t0 40, 25 to 38, 25t0 38; 2510 37, 25 t0 36; 2510 35, 25 to 34, 25 1o 33, 25 to 32

s 25 to
31 25103 26044, 2010 43, 26 10 42, 26 to 4l 26 to 40; 26 10 39; 26 10 3&; 2610 37,
26w I OIS 20w 34 2B IZ 20 Wm I 20w I T dd 2T w43 27w 42 2T o
AL 27 1 40, 27 to 39 27 0 38 27 10 37 27 10 36; 27 1o 35 27 w 34 27 10 33, 27 to 32
Z8to 44, 28 1043, 28 o 42; 28 to 41 28 t0 40; 28 10 3%, 28 t0 38; 28 10 37, 28 t0 36; 28 1o
35 2810 34, 28 1o 33 2810 32, 29 10 44, 2910 43; 29 to 42; 29 ta 41, 29 to 40, 29 10 39,
22w 3R 20w IT 8w IS0 WIS 2034 3044 30043, 30w 42 30 w4l 30w
40, 30 to 3% 3010 38, 30 37, 30 10 36; or 30 to 35 of SEQ ID K04, or a sequence of
amine acids having at least or about 0%, 853%6, 90%, V1%, 92%, 93%, 9%, 95%, 8%,
97%%, 98%% or 99% sequence identity thereto. In some embodiments, the peptide is linked

{0 a protein, peptide, synthetic polymer, adiuvant, or smeall molecule.
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{0027} In another aspeet, the invention provides a method for inducing antibodies
that specifically and/or selectively bind to CXCR3, comprising administering to & subject

one or more peptides of the invention.

[0028] In g further aspect, the invention provides a method for selecting anttbodies
or antigen-binding fragroeuts thereof that specifically and/or selectively bind to CXCR3E,
comprising contacting a sample comprising antibodies or antigen-binding fragments with
the peptide of the imvention and selecting these antibodies and antigen-binding fragments

that specifically bind to the papiide.

BRIEF BESCRIPTION OF THE DRAWINGS

e Embadiments of the invention are desenbed herein, by way of nondirmiting
. 3 k g

example ouly, with reference to the following figures.

{0038} Figure 1 represents flow oytometry analysis of the binding properties of the
QU5 mAb. (A} 9C5 mAb recognizes L1.2 cells transfected with mouse CXCR3
{mCXTR3) or buman CXCR3 (hCXCR3) but not untransfected 112 cells or mCXCR2
transtected cells. (B) 9C5 mAb binds mouse splenoeytes and hursan peripheral blood

mononuctear cells (PBMCO). (T} 9CS mAb binds marmoset splenocytes.

{80311 Figure 2 represents the results of an ELISA measuring binding of varioux

anti-CXCR3 antibodies to Peptides 1-4.

{6032} Figure 3 shows an aliganment of the Noemminal region of UXCR3 from
human, rhesus mgcaque, marmoset, pig, dog, mouse and rat, and the regions spanned by

Peptides 1-4. Peptide 3 spans a highly conserved region (boxed)

{6033] Figure 4 represents flow cyvtometry amalysis of splenoeyies from mice
intravenously injected with the %05 mAb at various concentrations.  Splenocvtes were
1xolated after 4 days and siained with ant-CD4, anti-CIDE, anti-B220 and anti-mCXCR3
antibodies and analysed to assess i vive depletion of CDSVOXCRI™: CDA7CXCRI™ and
B220/CKCR3 cells,

{6034} Figure 8 represents flow cytometry analysis of splenceyvies from mice
utravenously injected with § mg/kg of the 9CS mAb, Splenocytes were isolated after 24

or 36 days and stained with aoti-CEM, anti-CI8, ani-B220 and anti-mCXCR3 antibodies

L.
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and analysed to assess v vive depletion of CDSV/CXCR3T CDM/CXCRY and
B2207/OXCRET calls,

[6035] Figure & represents How cytometry analysis of splenocvtes from mice
intravencusly ingected with 5 mg'kg of the 205 mAb or an tsotype control. Splenoeyvies
werg isolated after 4 days and stained with anti-CD44 and anti-CIX6ZL antibodies, anti-
B220 and anti-mCXCR3 antibodies. The left panel shows the typical localization of
CXOR3" cells; the middle panel shows cells from isotype control-treated mice and the

right panel shows cells from 90 5-treated mice.

j0036] Figure 7 represents fow oytometry analvsis of splenocytes from mice
intravenously injected with saline, or 2 ma/ke or 5 mg/ky of the Fe-engiveered chimeric
SCS3MEe o O5-Fo-KO mAbs. After 4 days, spleens were harvested and

CD4/CXCRY Iymphoeytes were analyvzed by flow cytometry,

{60637} Figure 8 represents the results of pancreatic islet allograft transplantations s
mice, BALB/ HZ® islets were transplanted under the kidney capsule of streptozotocin-
induced diabetic C57BL/6 H2" mice  Graft rejection was assassed by measuring blood
glucose level following or duning various therapies as described below, Graft rejection
was defined as an increase of blood glucose 10 > 16 mmol/hter after a penod of
euglycemia. A} Mice were administered a single idravenous dose of 2 ma/kg 9C5 mAbL or
isotype control 4-3 hir prior to transplantation, or muliple doses on day 0, 7, 14, and 21, B}
Recipisnt mice were intravenously administerad 0, 035, (01 or 1 mg/kg rapamyvein on the
day of transplantation and every day thereafter for 7 davs. € Mice were intravenously
administered 0.1 mg'kg dose of rapamveinondays ¢, 1, 2,3, 4,5, 6 and 7, and 2 myg'ky

85 mAb or isotype control on day €, 7, 14, and 21

{8038 Figure % represents the rvesults of flow cytometry analysis of the binding
properties of the humanized 9C5 mAb . (h9C5 mAb) and the parental mouse 9CS antibody.
Human CXCR3-transfected cells (L1.2 cells) were stained with the h9CS antibody (0.25
pg/ml}, the 905 antibody {025 pg/ml) or an isotype contrel (3 peiml). Staining was

detected with an anti-human Fo speeific or an anti-mouse Fo speoitic PE conjugated

antibody, followed by flow evtometry analysis.

{39 Figure 10 Mean survival time of islet grafts. BALB/c 12 islets were
{ B g

transplanted under the kidney capsule of streptozotocin-induced diabetic CS7BL/AG H2"

11 =~
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mice. Mice were administersd with a single dose of humamzed 9CF 3MFe mAb (M),
humanized 905 Fo-KO mAb (8) or isotype control antibody 4-3 b prior fo transplantation.

Humasized 905 3MFe mAb invreased the mean survival time of islet grafis.

BRIEF BESCRIPTION OF THE SEQUENCES

Table §

SEHQ YN 1 Muouse

SEQ ID NO:

|33

Muouse UXCR3 {amino acid)

SEQ I NG 3 Humian CXCR3 (nocleic acid)

SEQIDNO: 4 Huntan CXCR3 (amino acid)

SEGID NG 8 Human CXCR3 R292() vartant (amino acid)
SEQID KNG 6 Human CXCR3 A3G3T variant {aming acid}
SEQ D NG T Rat CNOR3 {amino acid)

SEGID NG S Pig CXCR3 {amino acid)

SEQID NG 9 Cow CXCRS {amino aoid)

SEQ M NGO 10 Rhesus macague CXCR3 (amino acid)
SEQ I NG 11 Bog CXCR3 {aminy acid)

SEQ DN 12 95 mAb Vy (nucleic acid)

SEQ DN 13 9C5 mAb Vg (amino acid)

SEQID NG 14 9CS mAb Vi {nucleic acid)

SEGID NG 1S 9SS mAb Vi {amino acid)
SEGHING 1o Peptide | {amino acid)

SEGH D NO: 1Y Peptide 2 {amino acid}

SEQ D NG IS Peptide 3 {amino acid)

12 -
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SEQ ID NO:
SEQ ID NO:
SEQ D NO:
SEQ D NO:
SEO D NO:
SEQ I NO:

REQ I NO:

SEQ D NG

SEQ ID N

SEQ D NO:

SEQ I NO:

SEQ ID NO:

SEQ D NO:

SEQ I NG 2

SEQIDNO: 2
SEQ ID NO:
SEQ D NO:
SECE Y KOS
SEQ NG 3

SEQ D KO

SEQ D MO 3

SEQ D NG,

SEQ D NO:

haet
Lad

Ll
g

Lud
o

Peptide 4 (amino acid)

9CS mAb CDR-H1 (amino acid)
95 mAb CDR-H2 (amino acid)
905 mAb CDR-H3 (amino acid)
9C5 mAb CDR-L} (amino acid)
SC5 mAb CDR-L2 (aming acid}
SC3 mAb CDR-L3 (amino acid)
A0S mAh CDR-H1 {nuclete acid)
Q5 mAb CDR-HZ {nucletc acid)
A0S mAb CDR-H3 (hucleie acid)
OC5 mAb CDR-LY (mucleic acid)
9CS mAb CDR-LZ {nmucleic acid)
95 mAb CDR-L3 (nucleie acid}
Huoman IgGl Cy {amino acid)
Human lgGl Cy (nucleic acid)
Human kapps C (amino acid)

Huoman kappa O (nucleic acid)

Human IeGl Gy SE3ODVAIIOLASZE (anuno acid)

Human TgG1 Ty SZ30DYAZ0LARLE (nucleic sard)

Human JgG1 O L234F/L235E/PA3TS (aminy acid}

Human IgG1 O L234F/L235E/P33 1S (nucletc acid)

Human CXCEI ¢DNA

Humanized 9C5 Vyamine acid}
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SEQ ID NG: 42 Humanized 9085 Vi {amino gcid)

SEQ D NO: 43 Humamaeed 905 Vg (nucleic acid)
SEQID NO: 44 Humanized 9C5 Vi(nuclete acid)

SECH D KO 48 Humanized 9C5 CDR-HI (nucleic acid)
SEO D NO: 46 Humanized 9C5 CDR-HZ (nucleic acid)
SEQ D NG 47 Humanized 9C3 CDR-H3 (nucleic acid)
SEQ D NO: 48 Humanized 9C35 CDR-L1 {nucleic acid)
SEQ D NO: 49 Humanized 905 CDR-L2 {nucleic acid)

SEQ D NG 30 Humanized 905 CDR-L3 (oucleic acid}

DPETAILED DESCRIPTION
{6046 The articles "a" and "an" are wsed herein to refer o one or to more than one
(Le., 1o at least ongy of the grammatical object of the article. By way of example, "an

antibady” means one antibody or more than one antibody.

60411 In the context of this specification, the term "about” 13 undersiood torefer to a
range of numbers that a person of skill in the art would consider equivalent to the recited

valug in the contexd of achieving the same function or result,

{8042} Throughout this specification and the claims which follow, unless the context
reguires otherwise, the word "comprise”, and vanations such as "comprises” and
“comprising”, will be understood lo Tmply the inclusion of a stated intsger or siep or group
of integers or steps but not the exclusion of any other integer or step or group of integers or
steps.

{0043} As used herein, "antibody” refers to immunoglobulins and immunoglobulin
tragments, whether natural or partially or wholly synthetically, such as recombinantly,
peoduced, inclwling any fragment thereol containing at least a portdon of the variable

region of the imnunoeglebulin molecule that retains the binding specificity ability of the

14~
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full-length immunogiobulin. Hence, an anubody includes any protein having a binding
domain that iy homologous or substantially homelogous to an immunoglobulin antigen-
binding domain (antibody combining site). Antibodies include antibody fragments capable
of binding sntigen. As used herein, the term antibody includes synthetic antihodies,
recombinantly produced antibodies, multivalent antibodies (e.g., bivalent antibodies),
humagn antibodies, now-human antibodies, humanized antibodies, chimerie aniibodies,
intrabodies, domain antibodies, and antibody fragments, such as, but not limited to, Fab
fragments, Fab' fragnients, F(ab"), fragments, Fv fragments, disulfide-linked Fvs {dsFv},
Ed fragments, Fd' fragments, single~chaig Fes (scFv}, single-chatn Fabs (scFab), dishodies,
triabodies, tetrabodies or antigen-binding fragments of any of the ghove. Antibodies
provided herein include members of any immunoglobulin type (e g, IgG, IeM, IgD, IgE,
IzA and IgY), any class {e.g. IgGl 162, IpG3, 1gG4, IgAl and IgAR) or subclass {e.g,
12624 and TgG2b)

{044 As used herein, an "antigen-binding fragment” of an antibody includes any
fragment of an anibody that retains the ability to bind to the same antigen as the antibody
from which it ts derived. Typically, the antigen-binding fragment binds to the antigen with
an affinity that is at least or about 30%, 40%, 50%, 60%, 7%, &%, B0%, 100%, or miore
of the binding alfintty exhubited by the antibody. Exemplary antigen-binding fragments
include, but are not hmited to, Fab flagments, F ab' fragments, Flab'y fragments, Fv
fragments, disulfide-linked Fvs (dsFv), Fd fragments, Fd' fragments, single-chain Fvs

{sclvy, single-chain Fabs {scPab), domain antibodies, disbodies, triabodies and tetrabodies.

1D045] As used herein, "binds" with respect to an antibody or anfigen-binding
fragment thereof refers to the ability of the antibody or astigen-binding fragment to form
one or more soncovalent bonds with a cognate antigen, by noncovalent interactions
between the antibody combining sites) of the antibody and the antigen. The antigen can
be an isclated antigen or can be presented in association with another entity, such as in the

context of a polypeptide on the surface of a cell,

{8045] As used herein, an antibedy or antigen-binding fragment thereot that
“specifically binds® to an antigen, such as CXCR3, s one that binds with an affinity
constant (Kab of about or at Teast 10%10° M7 (or a dissociation constant (Kid) of or about
109 M (1000 ad), 107 M (100 oM, 107 M (10 aM), 107 M (1 aM) or less), and

possesses no discernible bnding to any other antigen. Affinity constants can be

15
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determined by standard kinetic methodology for antibody reactions, for example,
immumoassays (g ELISA), or surface plasmon resonance (SPR} Instrumentation and
methods for real time detection and monitoring of binding rates are known and are
commerciglly available {e.g, Blacore 2000, Blacore AB, Upsala, Sweden and GE

Healthcare Life Sciences).

{06047} As used herein, an antibody or antigen-binding fragment thereof that
"selectively binds” 1o g target antigen has a Kd that s greater Yor the target antigen refative
to a non-target antigen by, e.g., at least two-fold, ut least three-fold, at least four fold, at
feast Ove-fold, at least 10 fold, at least 50 fold, at least 100 fold, at leasy 1000, at legst
10,000, or at least 100,000 fold  Thus, for example, an antibody or antigen-binding
fragment thereof that selectively binds to CXCR3 may have a Kd for CXCRS that is at
feast one-fold, at least two-Told, at least three-fold, at least four fold, af least five-fold, at
Igast 10 fald, at least 50 fold, at least 100 fold, at least 1000, at least 10,000, or at least
100,000 fold greater than the Kd for, e g CTXCRS

{648] As used herein, a "complementanty-determining region” or "CDR” refers to
one of a plurality of portions within each variable region of an antibody or antigen-binding
tragment that together form an antigen-binding site of an aniibody. Each variable region
domain contains three CORs, named CDRI, CDRZ and CDR3. Accordingly, the vanable
bheavy chain comprises CDR-HI, CDR-H2 and CDR-H3, and the variable light chain
comnprises CDR-L1, CDR-LZ and CDR-L3. The three CDRs are non-contiguous along the
finear amine acd sequence, but are proximate in the folded polypeptide. The UDRs are
incated within the loops that join the parallel strands of the bota sheets of the variable
domain, Ooe of skill in the art knows and can identify the CDRs based on Kabat or
Chothia numbering (see eg, Kabat, E A e of (1991} Reguences of Proteins of
Immunotogical Intevest, Fifth Edition, U8, Department of Health and Human Serviges,
NIH Publication No 91-3242, and Chothia, C. er e/, (19873 1 blal. Biol. 196:901-9173.

10049] By “isolated” i3 meant material that is substamtially or essentially free from
components that normally accompany it in its native state. For example, an “tsolated
polynucleatide”, a5 used herein, refers to a polynucleotide, which has been punified from
the sequences which flank 11 in a naturally oveurring state, ¢ g, a DNA {ragment which has

been removed from the sequences which are normally adjacent to the fragment.

w16~
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HEUH As used herein, CXCR3 (or chemokine (C-X-C monf) receptor 3) refers to
haman and non-human CXCR3 polypeptides.  Exerplary human CXCR3 polypeptides
include, but are not limited to, the CXCR3 polypeptide set forth in SEQ ID N4, and

ariants thereof having ab least or gbout §5%, 9095, 91%, 92%. 93%, 94%, 23%, 9o¥%,

s

7%, 98% or Y9% sequence identity, including the natural variants set forth in SEQ 1D
NS S and 6, cormprising the mutations R292Q and AS63T, respectively. Exemplary non-
haman CXORS polypeptides tnclade, but are not limited to, mouse (e.g SEQ D NO:2), rat
{e.g. SEQ 1D NOT), pig {en SEQ ID NO:BY, cow (eg SEQ 1D NO:9Y, rhesus macaque
{e.g0 SEL ID MO 1O, and dog (e SEQ ID NG 711 UXCR3, and vartants thereof having

at least or about 85%, 0%, 9%, 92%, 93%, 94%, 93%,, 96%. 97%, 98% or 99%

seguence identity thereto.

{6051 The terms "nucleic acid wolecule” or "polynuciectide” as used herein
designates mRNA, RNA, cRNA, cDNA or DNA. The term "polynuclectide” tvpically
refers to oligonucleatides greater than 30 nucleotrdes n lenath, A polynucteotide “variant”
refers {0 polvnucleotides displaying substantal sequence identity with a reference
polynuclectide sequence or polynucieotides that hybridise with a reference sequence under
stringent  conditions that are  detined thereinafter. These termis  also  encompass
polynucleotides that are distinguished from a reference polvnuclectide by the additton,
deletion or substitution of at least one nucleotide. Accordingly, the term “variant” include
polvnucleotides in which one or more nueleotides have been added or deleted, or replaced
with different nucleotides. In this regard, it is well understood in the ast that certain
ahterations inclusive of mutations, additions, deletions and substitutions can be made to 3
raference polynucteotide whereby the altered polynucleotide retaing the biclogical function
or activity of the reference polynucleotide. The terms “polynuclectide variant” and

“vartant” also include naturally ccourring aliehic variants.

[0032] “Polypeptide,” “peptide™ and “protein”™ are used interchangeably herein to
refer 0 a polvmer of amine acid residues and to variants and synthetic analogues of the
same. Thus, these terms apply © amine geid polymers o which one or more amine acid
residuss 18 a synthetic non-naturally occurring amino aeid, such as a chemical analogue of
a eorresponding naturally occwmiog amivo acid, as well as fo spiurglly-ocecurting amino
acid polymers. A polypeptide “variant” refers to a polypeptide that is distinguished from a

reference polypeptide by the addition, deletion or substitution of at least one anino acid.

-1
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In certain embodiments, 8 polypeptide variant is distinguished from a reference
polypeptide by one or more substitutions, which may be conservative or non-conservative.
In certain entbodinients, the polypeptids variant comprises conservative substitutions and,
i this regard, i is well understood in the art that some aroinoe acids may be changed o
others with broadly similar properties without changing the nature of the activity of the
polvpeptide.  Polyvpeptide vadants also encompass polypeptides in which one or more

aming acids have been added or deleted, or replaced with ditferent amine acid residuaes.

8053] As used herein, the term "% identical” means that in a comparison of two
sequences over & specified region the two sequences have the specificd number of tdentical
restdugs 1 the same position. The term "% similar” has a similar meaning but in addition
o the number of 1dentical amino acids between the two sequences regard is also had to
where the amino acids are pot tdeniical but are conservative substitutions, Perceniage
identity can be determined using known computer algorithmis such as the "FAST A"
program, using for example, the default parareters as in Pearson ¢f ol Proc Matl Acad
Set. USA 850 2444 {1988} (other programs include the (06 program package {Devereux,
I, et al, Nucleic Acids Research 12(1y 387 (1984)), BLASTP, BLASTN, FARTA
{Arschul, 5. ¥ etal J Molec. Biol. 215403 (1920}, Guide to Huge Computers, Martin [.
Bighop, ed., Academic Press, San Diego (1994), and Carllo et al. SIAM T Applied Math
A8 1073 {1988} For example, the BLAST fusction of the Navonal Center for
Biotechnology Information database can be used 1o determine identity. Other
commercially or publicly available programs include DNAStar "Megalign® program
(Madison, WT) and the University of Wisconsin Genetics Computer Group (UIWE) "Gap”
wrogram {Madison W) Percent identity of proteins andfor nucleic actd molecudes can be
determined, for example, by comparinig sequence information using a GAP computer
program {e.g, Needleman et al. J. Mol Biol. 48 443 (1970}, g5 revised by Smith and
Waterman {Adv. Appl. Math. 2: 482 {1981}}. Briefly, a GAP program defines similarity as
the number of abigned symbols {1.e., nocleotides or anino acids) that are similar, divided
by the total nunmber of symbals in the shorter of the two sequences. Default patameters for
the GAP program can include: (1) a unary comparison matrix (containing a value of 1 for
identities and O for non tdentities) and the weighted comparison matrix of Gribskov et al.,
Nuel, Acids Res. 14 6745 (1986), as described by Schwanz and Dayvheft, eds, Atlas of

Protetn Sequence and Structure, National Biomedical Research Foundation, pp. 333-358
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{1979}, {2} & penaity of 3.0 for ach gap and an additional 0.10 penalty for each symbol in

each gap; and (3) no penalty for end gaps,

{8054] The terms "graft” and "transplant” can be used interchangeably herein, and
include reference to cell, tssue, organ and limb gratts, as well as veference to allografis

and senografts.

{B055] The term ‘“inhibiting" and wvariations thereotf such as "inhibition” and
"inhihits” as used herein means complete or partial inhibition, such as complete or partial
mhbition of graft rejection, or complete or partial inhibition of cell migration, recruitment
or accurnulation. Further, inhibition mav be permanent or temporary, The inhibition may
be to an extent (in magnitude and/or spatially}, and/or for a time, sufficient to produce the
desired effect.  For example, inhibition may be prevention, rvetardation, reduction or
otherwise lindrance of graft rejection or cell migration, recruiirnent or accumulation, Such

inhibition may be in magnitude and/or be temporal or spatial in nature.

{0056] Inhibition of graft rejection by an antibody of antigen-binding fragment can
be assessed by any appropriate means as known fo a skilled person. As understood by
those in that art, the parameters used to measure grafl rejzction may vary depending on the
type of graft.  For exgruple, rgjection of pancreatic islet gratts can be assessed by

slucose levels. Rejection of heart gralfts cam be assessed by

P

megsuring blopd
endomyocardial biopsy  or intramyocardial  electrocardiography (IMEG)Y. I other
examples, graft rejection can be assessed by measuring cell-free donor DNA in the blood
{Snvder ef ol (2011) PNAS 108:6229-6234), Graft rejection can be inhibited by at least or
about 10%, 15%, 20%, 2596, 30%, 35%, 40%, 45%, S0%, 553%, 60%, 65%, T, 75%,
80%, 85%, 90%, 3% or maore compared to the rejection observed in the absence of an

antibody or antigen-binding fragmocot of the present invention,

{B0ST] Inhibition of cell migration, recruitment or accumulation by an autibody or
antigen-binding fragment of the present invention can be assessed by any method known to
those skilled o art.  Such methods can include, for example, analysis of biopsies by
inmmunchistochemistry, flow cytomeiry, RT-PUR efe, to assess the sumber of cells, such
as CXCR3 cells, in oue or more population of cells or ene or more locations with the bady
or within an organ. Cell migration, recruitment or accumulation can be inhibited by at

teast or about 10%, 153%, 200%%, 25%, 30%, 353%%, 40%, 45%, 50%, S5%, 60%, 65%, 70%,

19 ~



WO 2014/186842 PCT/AU2014/050048

75%, B0%, 83%, 0%, 95% or more compared to the migration, recruitment or
accumulation in the absence of an antibody or antigen-binding fragment of the present

invention.

0058 As used herein, “depletion” with respect to CNCR3™ cells {ie. cells
expressing CXCR3) refers to the removal of these cells from a population of celis.
Reference 1o depletion includes complete or partial depletion.  Further, depletion may be
penuanent oF temporary, and may be to varying extents in magnitude andior spatially.
Bepletion may be the result of cell death, such as by apoptosis or necrosis. Depletion can
be assessed by measwring the nurber of CXCR3™ cells in a population using any method
known e the an {eg flow cyvitometry immunchistochemistry, efo), before and after
exposure to an antibody or antigen-binding fragment of the present invenuion, or in the
absence and presence of an antibody or antigen-binding fragment of the present invention.
Following exposure to an antibody or antigen-binding fragment of the present invention,
CXCRAT cells can be depteted by at 1least or shout 10%;, 15%, 20%, 23%;, 30%, 35%, 40%,

43%, 50%, 55%, 60%, 63%, T0%, 75%, 80%, 85%, 90%, 95% or more.

{6059 As used herain the term "effective amount” includes within its meaning a
non-toxie but sufficient amount of an agent to provide the desired effect. The exact
amount required will vary from subject to subject or situation to situation depending on
factors such as the activity of the agent (p.g. the antibody or anfigen-binding fragment), the
severity of the condition, disease or disorder, the mode of administration of the agent, the
general state of the subject, the use of vther agents, and so forth. Thug, 1t 15 not possible to
specify an exact "effective amount”.  However, for any given case, an appropriate
"effective amount” may be determined by one of ordinary skill in the an using only routine

experimentation.

{B060] As used herein the terms “mreating”, “treatment”, “preventing” and
"prevention” refer to any and all uses which remedy g coudition or symptores, prevent the
establishment of disorder, vondition or disease, or otherwise prevent, hindes, retard, or
reverse the progression of an disorder, condition or disease {such as graft rejection or
inflammation) or other undesirable sympioms in any way whatsoever,  Thus the ferms
"reating” and "preventing” and the like are to be considered in their breadest context. For

example, treatment does not necessarily imply that a patient is treated until total recovery.
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{6061 ] As used herein, a "subject” includes huwman and non-human animals,
including, for example, lvestock {such as cows, sheep, goats, pigs horses and goats),
companion anmmals {such as cats and dogs) and show or performance amimals {such as

horses).

{6062} Those skilled in the art will appreciate that the aspects and embodiments
described herein are susceptible 1o variavons and modifications other than those
specifically deseribed. R is to be understood that the disclosure includes all such varations
and modifications. The disclosure also includes all of the steps, features, compositions and
compounds reforred to or indicated in this specification, individoally or collectively, and

any and all combinations of any two or more of said steps or featurgs.
Antibodies that specifically bind CXCK3

{0063] The present invention is directed in part to isolated antibodies and antigen-
binding fragmenis thereof that specifically bind to CXCR3. In particular, the antthodies
and antigen-binding fragments specifically bind to an N-lerminal epitope withm amino
acid residues 23 to 44 of the homan CXCR3 set forth in SEQ 1D NG44 or within
corresponding amino acikd residues in ancther CRCR3Z polypeptide, such as a CXCR3
polypeptide from another species or @ variant of the CXCR3 polypeptide set forth in SEQ
ID N4, Accordingly, provided are polypeptides that specifically bind to a polypeptide

consisting of arivo acid residues 23 to 44 of the human CXCR3 set forth 1o SEQ 1D NG4

{004} In some embodiments, the antibodies and antigen-binding fragmenis of the
oresent invention specifically bind to an epitope within amine acid residues 23 to 43; 23 10
42: 231041 231040, 231039, 23 1038, 231037, 23 1036, 231035, 23 10 34, 2310 3

Vw32 Bw3 Vw3 Bwit MuodtMiwodlMHiwd MHwdl MHod M
3% 24 10 38 24 10 37 24 10 36, 24 16 35, 24 0 34 24 10 33, 24 t0 32, 24 10 31 24 10 30
241029 25t044; 25 1043; 251042 25041 251040, 25 t0 3% 25 10 38, Z5 t0o 37
3G 2516 35, 2510 34; 2510 33, 25 10 32; 2510 31 25 10 30; 26 to 44 26 10 43; 26 1o 42;

i\-}

I3 10

201041, 201040, 201039, 201w 38, 20w 37, 20 1w 36, 20 10 35, 201w 34, 2610 33, 261w

32,260 31, 271044, 2T 0 43, 2710 42, 270 41 27 10 40, 27 10 39, 27 10 3%, 27w 3
T3 2T w035 27034 27033 271032 281044 Z8 1043 281042 28 w4l 2810

40, 28 10 3%, 2R 10 38; 28 10 37, 28 10 36; 28 1o 35, 28 10 34; 28 to 33, 28 10 32; 29 1o 44

201043, 2% w42, 29w 4L, 20w 2% w0 39, 20w 38, 22w 37, 20w 36, 20 10 35, 2% w

7
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34 30 to 44; 3010 43 30 t0 42; 30 to 41; 30 10 40; 30 10 39, 30 10 38; 30 1o 37; 3010 34
and/or 30 to 35 of the human OXCR3 set torth in SE) 1D NGu4, or corresponding residues

of anpther CXURS polypeptida.

0065] In further embodinents, the antibodies and antigen-binding fragments of the
present invention specifically bind to an epitope or polypeptide consisting of amino acid
residues 231043, 231042: 2310 41, 23 w0 40; 231039, 2310 3R 231037, 31036, 23 to
35,2310 34, 231033, 2310 32, 23 10 31; 23 10 30; 23 10 29; 24 1o 44; 24 10 43; 24 10 42;
24w4l 4 w4l 24 w030 M4 w38 w37 M3 Mw 35 M3t M 33 Mw
32 241031 2410 30; 24 10 29, 25 to 44; 8t 43; 25 10 42, 25 1o 41 25 40 40; 25 10 39,
231038 25t 37, 25 t0 36, 2510 35; 25t 34, 2510 33; 25 10 32, 25t 31 25t 30, 26 to
44 25 1o 43; 26 10 42; 26 to 41; 26 10 40; 26 10 3 2610 38; 26 to 37 26 10 36; 26 10 35
Win 34 201033, 20w32,20w3 271044 271w 43 27 w42 27 w4l 2T w4l 2T w
30 2T 3R 27w 37 271036 27t 35 27w 34; 27 10 33 27 w0 32; 2810 44 28 to 43,
2810 42; 28 10 41; 28 10 40; 28 (0 39; 28 (o 38; 281037, 28 10 36; 2810 35; 2810 34; 28 o
33,2810 32, 29 10 94, 2% 10 43; 29 10 92, 2% to 41, 29 10 40, 29 10 39; 2% 10 38; 29 1o 37,
291036, 2910 35, 2910 34; 3010 44, 3010 4%, 30 10 42, 30 to 41 30 1o 40, 3010 39, 30t
38; 30 1o 37; 30 10 36; and/or 30 to 35 of the human CXCR3 set forth in SEQ 1D NO4, or

corresponding residues of another CXCRS polypeptide.

{66] In particular embodiments, the antibodies and antigen-binding fragments of
the present tnvention specifically bind 10 an epitope within amine acid residues 25 o 35,
251034, 25w 33, 25 w 32, 25 w 31 25 1o 30, 26 1o 35; 20w 34, 20w 33,

tl

3L, 274035, 27 w0 34, 27 10 33; 37 10 32, 2810 35, 28 10 34, 2810 33 W 0 35, 2910 34

260w 32, 26w

and/or 30 1o 35 of the human CXCR3 set forth in SEQ ID NO: 4 or corresponding residues
of apother CNOR3I polypeptide.  To further embodiments the astibodies and antigen-
binding fragments of the present invention specifically bind te an epitope or polypeptide
consisting of amine actd residues 25 t0 35, 2510 34; 25 10 33, 2310 32; 2510 31; 25 t0 30
261035, 26t0534: 261033, 2610 32: 26t0 31 271035, 2Tt0 34 2T t0 33 2T 0 32: 28 to
3% 28 10 34; 2840 33; 289 {0 35, 29 to 34 and/or 30 10 35 of the human CXCR3 set torth in

SEQ I N4 or corresponding residues of another CXCOR3 polypeptide.

{8067} The epitope recogmized by the antibodies and antigen binding fragments of
the present invention is highly conserved among species, such that the antibodies and

antigen binding fragments recognize CRCRZ polypeptides across a rangs of species,
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including, but not Hmited to, human CXCR3, mouse CXCR3, and marmoset CXCR3.
Thia species cross-reactivity provides significent advantages, as preclinical safety and

effivacy studies can be performed in small animal models using antibodies with the same

specificity s those intended for use in humans.
{6068} The antibodies and aotigen binding fragments of the present tnvention that

specifically bind to CMOR3 can have & vanety of activities, In some aspects, the
antibodies and fragments thereot inhibit CXCR3 mnteraction with one or more Hgands,
including, but not limited to, CXCLY, CXCLI0 andior CXCLII.  As a result, the
antibodies and antigen-binding fagments of the present invention can inbibit migration of
cells expressing CXCRI {(fe. ONCR3' cells). In further aspects, the antibodies and
antigen-binding fragments can facilitate depletion of CXCR3 cells. For example, the
antibodies and antigen-binding fragments can facilitate depletion of CD4VOXCRY T
cells, including activated and effector CDA™ T cells (CD4/CXCRICD44™ Y De21I™
and memory 0047 T cells (CD4VCXORITCDAMNCDE2I®). The antibodies and
antigen-binding fragments can also facilitate depletion of CDRV/CXCRI™ T cells andior
B2207/CXCR3™ B cells. Depletion can be effected by any means, including but not limited
0, antibody-dependent cellular cytotoxicity (ADCC), complement-dependent cvictoxicity
{00 andfor cvtotoxicity wediated by 3 toxic moisty linked to the antibody or antigen-

binding fragment thereof

{3069] The antibodies of the present invention can be monoclonal or polyclonal
antibodies. In particular aspects, the antibodies are monoclonal.  Faorther, the antibodies
and antigen-binding fragments that specifically bind to CHUR3 can be of any
vmunoglobudin type (eg, TgG, TgM, 1uD, IgE, InA and IgY), any class (e TeGl 1eG2,
Tef33, 1o, TgAl and IgA2) or any subclass (eg, 18625 and TgG2hy  In embodiments of
the invention that are directed to antigen-binding fragments that specifically bind to
CXCR3, the antigen-binding fragments can be, for example, Fab fragments, Fab'
tragments, F{ab): fragments, Fv fragments, disulfide-linked Fys {dsFv), Fd fragments, Fd'
fragments, single-chain Fvg (s¢Fv), siogle-chain Fabs (scFab), domain  antthodies,
disbedies, triabodies or tetrabodies. In some aspects, the antibedies and antigen-binding
fragiments of the present fnvention are mouse antibodies and antigen-binding fragments. lo

other aspects, the antibodies and antigen-binding fragments are human anttbodies and
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artigen-binding fragments, Still further, the antibodies and antigen-binding fragments of

the present invention can be chimerie, or can be humanized.

8076} In some aspects, the anttbodies or antiges-binding fragments thereof are
multivalent antibodies. Such maltivalent antibodies can comprise a first binding domain
comprising an anti-CXCR3 antibady or antigen-binding fragment described herein, and a
second binding domain comprising the same or another anti-CXCR3 antibody or antigen-
bingding fragment, or comprsing anocther antibody or antigen-binding fragment that i
sprecitic for o different epitope or antigen. Accordingly, the multivalent antibodies can be
bivalent, trivalent, tetravalent, pentavalent, hexavalent, heptavalent, or of gregter valenoy
{i.g., containing 2, 3, 4, 5, 6, 7 or more antigen-binding sites). Such multivalent derivative
antibodies can be monospecific, bispecific, tnspecific or of greater multispecificity. In
some examples, the multivalent antibodies are monospecific, containing two or more
antigen-binding domains that specifically bind to the same CXUR3I epitope described
herein. In other examples, the multivalent antibodies are multt specific, containing two or
more anfigen-binding domains that specifically bind to two or more different epitopes.
The two or wore epitopes may both be within CXCR3. Alternatively, at least one epitope
can be the CXCR3 epitope described herein and at least one epitope can be another epitope

within CUXCR3 or an epitope within another polypeptide.

a7l In particular embodiments, the antibodies and antigen-binding fragments
thereof of the present invention that specifically bind to CXCR3 comprise a CDR-HI
comprising the amino scid sequence GFTFSYFA (SEQ 1D NO120) or a sequence of amino
acids having at least or at Ioast about 80%, 85%, 00%, Q1%, 9%, 3%, 94%, 95%, 96%,

7%, 98%, 2% of more sequence identity to SEQ ID NGO,

jB072] In some embodiments, the sntibodies and antigen-binding fragmenis of the
present invention compise a CDR-H2 compnising the amine acld ISGGGONT (SEQ 1D
NI or a sequence of amine actds having at least ov at least about 30%, 83%, 90%,
D19, 92%, 93%, V4%, V5%, R6M, 97%, U8%, 99% or more soquence identity to SEQ 1D
NO:21

{B073] In forther erobodiments, the antibodies and avtigen-hinding fragments of the
present  invention  comprise a CDR-H3  compnsing  the amine acid  sequence

VROTYGGEGY (SEQ ID NO:22) or a seguence of amine acids having at Teast or at least

24 -
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about R0%, B5%, 9%, 91%6, 92%, 93%6, 94%, 95%, 96%. 97%, 98% 99%: or more

seguence identity to SEQ D NO:22.

18074} In other embodiments, the antibodies and antigen-binding fragments of the
present invention comprise g4 CDR-L1  comprising the amino acd  sequence
ESLLHSNGITY (SEQ 1D NG:23) or a sequence of amino agids having at least or af feast
abour B0%G, B5%, 90%, 91%, 92%, 93%. 94%, 05%, 96% 97%, 98%, 99% or more

seguence identity to SEQ 1D NO:23.

[8675] In some embuodiments, the antibodiey and antigen-binding fragments of the
present invention comprise a CDR-L2 conprising the amino acid sequence QMS (8EG 1D
NOG:24) or a sequence of amino acids having at least or at least about 66%, 80%;, 83%,
G0, 1%, 92%, 93%, 94%, 05%, 96%, 97%, 98%, 99% or more sequence identity to

SEQHID NO:24.

8676} 1o further embodiments, the antibodies and antigen-binding {ragments of the
present invention comprise a CDR-L3 compnsing the amine acid sequence AQNLELPRT
{SEQ 1D NO:25) or a sequence of amino acids having at least or at least about 8%, §5%,
G0%%, 91%, 92%, 93%, 949, 93%, 96%, 97%, 98%:, 99% or more sequence identity to

SEQHID NG:25

86677} In particular embodiments, the antibodies and antigen-binding fragments
thereal of the present inventien that spectfically bind to CXCR3 comprise a CDR-HI
comprising the amino acid sequence set forth in SEQ 1D KO:20 or & sequence of anuno
acids having at least or at least about 80%, 85%, 90%, 91%, 92%, o, F4%, V%G, 96,
7%, 9R%%, 99% or more sequence wentity to SEQ I WO20, 2 CDR-HY comprisig the
anino acid sequence set forth in SEQ 1D NO:21 or a sequence of amino acids having at
least or at least about 80%, §5%, 90%6, §1%6, 92%, 93%, 9485, 85%, 96%, 97%, 98%, H%
or more sequence identity to SEQ 13 NO:2L a CDR-H3 comprising the amino acid
sequence set forth in SEQ ID NG22 or a sequence of aming acids having at least or at
feast about 8%, 85%, H0%, 91%, 92%, 93%, 94%, 5%, 6%, 97%, 98%, 99% or more
sequence wentity to SE( [D NO:2Z: a COR-LT: comprising the amino acid sequence set
fortly in SEQ 1D NOZ3 or a sequence of amine acids having at least or gt least about 8093,
B3%4, 90%, 91%, 92%, B3%, 94%, 5%, Lo, 7%, VBN, V9% or more sequence identity

o SEGY ID NO:23; o CDR-L2 comprising the amino acid sequence set forth o SEQ D
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NO 24 or a sequence of amine acids having at least or at least about 66%%, 80%, 85%, R(%,
1%, 9%, 93, 04y 088, 96%%, 9T, 98%, 90% or mors sequence identity to SE{ 1D
N:24; and 8 CDR-L3 comprising the amine acid sequence sgt forth in SEQ 1D NO2S or
a sequence of amino acids having at least or at least about 80%, 85%, 90%, 91%;, 92%%,

G3%%, 4%, 98%, 96%, 97%, 98%, V9% or more sequence identity to SEQ ID NO:25

{6078} In one embodiment, provided are antibodies and antigen-binding fragments
that specifically bind to CXTR3 and that comprise a CDR-H1 with & sequence of amino
acids set forth in SEQ ID N(C:20: a CDR-HZ with 2 sequence of amino acids set forth in
SEQ ID NO:21: g CDR-H3 with a seguence of amino acids set forth in SEQ 1D NO:22: g
CDR-L1 with a sequence of amine acids set forth in SEQ 1D NO:23, 2 CDR-LZ with a
sequence of anung scids set forth i SEQ TR NO:24; and a CDR-L3 with a sequence of
amvino acids set forth in SEQ 1D NG25

{6074} In particular aspects of the present invention, the antibodies and antigen-
binding fragments comprise a varigble heavy chain comprising the sequence of amino
acids set forth in SEQ 1D NO:13 or a sequence of amino acids having at least or about
RO%G, 853%, 90%, 91%%, 93%, 93%, 94%, 5%, 96%, 97%, 98%. 99% or more sequence

identity to SEQ IDNG13,

10080] In further aspects, the antibodies and antigen-binding fragments comprise a
variable light chain comprising the sequence of amino acids set forth in SEQ 1D NG:1S or
a sequence of amino acids having at feast or about 80%, 85%, %1%, 91%%, 92%, 93%, 94%,

G5%%, Bo%, 97%, B8Y%, 99% or mare sequence dentity to SEQ D NO 15,

{0081} In particular embodiments, the antibodies and antigen-binding tragments
comprise a variable heavy chain comprising sequence of amino acids set forth in SEQ 1D
NQ:13 or a sequence of amine acids baving at least or about 80%, 83%, 90%, 91%, 92%,
G3%, 94%, 95%, 96%, 7%, 98%, 99% or more sequence tdentity to SEQ 1D WNO:13, and 2
variable light chain comprising a seguence of amino acids set forth in SEQ ID NGO 1S ora
sequence of aming acids having at least or about B0, RS, 00%,, 91%, 9%, 93%, 94%

Q5%, 96%, B7%, 98%:, 99% or more sequence identity to SECY I NO1S,

8082} The antibodies and antigen-binding fragments of the present urvention also
include those that comprise a variable heavy chain comprising the sequence of amivo acids

set forth in SEQ ID NO:41 or a sequence of amino acids having at least or abour 80%,

w3
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RE%e, GO0, 1%, 2%, B3%

o, o, W%, BS%, B6%, B7%, 08%, 9% or more sequence identity
to REQ 1D NO4 T, andfor a variable light chain comprising a sequence of amino acids set
forth in SEQ 1D NO42 or & sequeance of aming acids having at least or about 80%, 85%,,
0%, Q1% 92%, 93%, 4%, 95%, 906%, 97%, 8%, 99% or more soquence identity o

SEQ I NO:42.

{6083} In some aspects, the anttbodies and antigen binding fragments are mouse
antihodics and coraprize a mouse A or ¥ light chain constant region, and/or & mouse o, &, &,

vor p(le Igd, IgD, IgE, Igls or IgM} heavy chain constant regions.

10084} In other aspects, the antibadies and antigen-binding fragments of the present
invention are chimeric antthodies and antigen-binding fragments, For example, provided
are chimeric aniibadies and antigen-binding fragmems comprising mouse variable reglons
and homan constant regions. Mon-limiting examples include chimeric antibodies and
antigen-binding fragments that comprise a variable heavy chain comprising a sequence of
aming acids set forth in SEQ 1D NOI3 or a sequence of amine acids having ab least or
about 80%G, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
sequence identity to SEQ ID NO:13. In other examples, the chimenc antibodies and
antigen-binding fragments comprise a variable Hght chain comprising a sequence of aming
acids set forth in SEQ D NO: 1S or a sequence of amino acids having gt least or about
&0%, B5%, 90%, 91%, 92%, 93%, 94%;, 95%, 96%, 7%, 98%%, 99% or more sequence
identity 1o SEQ ID NO:1S, In particular examples, the chimeric antibodies and antigen-
binding {ragments comprise a vartable heavy chain comprising a sequence of anuneo acuds
set forth in BEG ID NOIZ or a sequence of amine acids having at least or about B0%,
§5%, 90%, 91%, 92%, 93%, 94%5, 95%, 9604, 97%%, 98, Q9% or more sequence identity
to REQ ID NOW13, and a variable Light chain comprising a sequence of amino acids set
forth 1o SEQ 1D NO:1S or g sequence of amino acids having at least or about 80%, 85%,
RO, 91%, W%, 93%, 94%, 95%, G6%, 97%, 98%, 99% or more sequence identity to
SEQ ID NO:IS. These chimeric anttbodies and antigen-binding fragments can further
comprise a human constant region, such as g human & or x light chain constant region,

and/or a human w, 8, & v or p {Le fgh, IgD IgE I3 or [gM) heavy chain constant region.

6083} The present invention also provides humanmized antibodies and antigen-
binding fragments that specifically bind to CXCR3. In particular examples, the humanized

antibodies and antipen-binding fragments comprise a CDR-HI comprising the aming acid

T
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sequence set forth in SEQ ID NOG:20 or a sequence of amino acids having at least or at
teast about 80%, 85%, S1%, Q1% 92%, B3%;, Q4% B5%, Q6%, 97%, 98%, 99% or more
sequence identity to SEQ 1D NO:20; a COR-H2 comprising the amino acid sequence set
torth in SEQ I KO21 or g sequence of amine acids having at least or at least about 80%,
B3%%, 90%, 91%, 92%, 93%, 4%, 95%, Doy, 97, V&Y, 9% or more sequence identity
to SEGY ID NO2L a CDRA-H3 comprising the aming acid sequence set forth in SEG ID
NY22 or a sequence of annino acids having at least or at least about 30%;, 85%, 90%, 91%,
92%, 9396, 94%, 95%, 968, B7%, 98%, 99% or more soquence identity to SEQ 1D NOQ:22;
a CDR-LI comprising the amino acid sequence set forth in SEQ I NOUZE or a sequence
of amine acids having at least or at least about 80%, 83%, 90%, 91%, 92%, 93%, %4%,
95%%, B6%, 97%, 98%, 99%% or more sequence identity to REQ ID NO23; a CDR-L2
comprising the amino acid sequence ser forth in SEQ 1D NO:24 or a sequence of aming
acids having at least or at least about 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%%, 96%%,
9T%%, 98%, 99% or more sequence identity to SEQ D NO:24; a CDR-L3 comprising the
amino acid sequence set forth o SEQ ID'NG:23 or a sequense of aminoe goids having at
teast or at leaat about 80%, B5%, 90%, 91%, 92%, V3%, 94%, 93%, 96%, 7%, 98%, 99%
or more sequence identity 1o SEQ I NO:23; and human framework regions (FRs).
particular embodiments, the humanized antibodies and antigen binding fragments further
comprise g human constant region, such gs a humen A or « light chain constant region,
andfora human o, 8, &, v or p{ie IgA, gDy, IgE, G or 1gb) heavy chain coustant region
Non-limiting example, of humanized anttbodies of the present invention include those that
comprise a variable heavy chain comprising the sequence of amino acids set forth 1w SEQ
1D NO:41 or 2 sequence of amino acids having at lzast or about 80°%, 85%, 90%, 91%,
G2%%, H3%, 94%, 95%, Bo%, 97%, 98%, 99% or more sequence identity to SEQ 1D NO:41,
and/or a variable hight chain comprising a sequence of amino acids sef forth m SE} 1D
N2 or a sequence of amine acids having at least of about 80%, 83%, 90%, 91%, 92%,
D3%, 94%, 98%, 96%, 97%;, 985, 99% or more sequence tdentity to SEQ 1D NO:42

{0086] In particular embodiments, the antibodies and antigen binding fragments
provided heretn comprise modifications in the Fo region 10 inerease ADCC activity, For
example, the chimernic, humanized or human antibodies and antigen binding fragments can
comiprise g constard vegion frem human JgGl that contains a2 tnple mutation,
S23I9TWA330L/I332E 10 the CHZ portion (SEQ ID NQ32)  In other examples, the

28 -
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artibodies and antigen binding fragments provided herein comprise medifications in the Fo
region to decrease ADUC activity. For example, in some embodiments, the chimeric,
humanized or human antibodies and antigen binding fragments comprise 8 constant region
from human Ig(G1 that contains g triple mutation, L234F/L23SEP331S m the lower hinge

and CH2 portion (SEQ 10 NG 345
Methads of producing and assessing the antibodies and antigen-binding fragments

{8087] The antibodies snd antigen-binding fragments provided herein  that
specitically bind to CXCR3 can be produced by any suitable method known in the art for
the generation and preparation of antibadies, including imniunization techmques, antibedy
{ibrary screening, chemical syunthesis, recombinast techniques and expression, and any

combination thereot
{renerarion wird iderification of auibodies

[B8088] In some aspects, antibodies and antigen-binding fragments that specifically
bind to an N-terminal epitope within amino acid residues 23 to 44 of the human CXCR3
set forth in SEQ ID KO are generaled using methods that utlize a pelypeptide
compristng amino actd residues 23 to 44 of the human CXCR3 set forih 1o SEQ 1D NO4,
or comprising aminoe acid residues within this region, such as residues 25 to 35, 25 to 34,
231033, 231032, 231031, 2531030 261035, 261034, 201033, 2010 32, 2010 31, 27 w0
35,2710 34 270 33, 2710 32, 28 0 35, 2810 34 28 1035, 29140 33, 2910 34 or 30 1o 35

of the human CXCR3 set forth a SEQ ID NGO 4

{6089 Any method known 10 the art to elicit antibodies to an astigen can be used to
glicit antibodies 1o this region of CUXCUR3I.  Technigues for preparing menoclenal
antibodies against antigens are well known i the art. For example, monoclonal antibodies
specific for an antigen can be obtained by injecting a non-human subject, such as a mouse,
with the antigen, then obtaming antibody-producing cells from the amimal. For example,
the spleen can be removed to obtain B-lymphooytes o peripheral blood iymphocytes
{PBL} cav be isolated. Alternatively, B Iymiphocyies can be isolated from pernipheral blood
Iymphoeytes (PBLY of human subjects that have been administersd the antigen. The B-
lymphocytes from immunised animals are then fused with mveloma eells 1o produce
hvbridomas, which are cloned. Positive clones that produce antibodies specific for the

antigen are selected using standard fechniques (e, ELISpat). The clones that produce

28 .
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artibodies 1o the antigen are then cultured and the seoreted sntibedies are isolated from the
hybridoma cultures. Alternatively, nucleic acid encoding antibody light and heavy chaing
can b amplified from the B lymphocytes to produce a recombinant antibody library,
which can then be screened for antibodies that are specific for the antigen wsing methods

well known in the art {see e.g. Hoogenboom (2005) Nat Biotech 23:1105-1117}.

[6098] Monoclonal antibodies can be isclated and punified from hybridoma cultures
or ather composations by 8 variety of well-established techniques including, but not hmited
to, affinity chromatography with  Protein-A  SEPHAROSE®,  size-sxclusion
chromategraphy, and/or jon-exchange chromatography. After the mmtal rasing of
antibodies to the immunogen, the antibodies can be sequenced and subsequently prepared

by recombinant techniques.

{60911 In instances where mouse monoclonal antibodies are produced, such
antibodies can be humanised or chimerised using methads well known to those skilled in
the arf. Chimeric antibodies are recombinant proteins in which the variable regions of g
human antibody have been replaced by the variable regions of, for example, 3 mouse
antthody,  Murine immunoglobulin vanable domains can be cloned from nucleic and

encoding the antibody and chimeric antibodies produced using techniques well known in

the art.
jB092] Techoigques for producing humanized monoclonal antibodies by transferring

the CIs from the heavy and light variable chains of a monse or chimeric antibody into
the corresponding variable domains of 2 human antibody also are well known in the art. In
some instances, further modifications are made in the human framework regions of the
humanised antibody to incréase affinity (see ¢.g. Tempest of ol (1991) Bintechnology
9.266-271). In other instances, humanized aotibodies mav be generated using the
“Superhumamization” method  deseribed  in international  patent  publication N
WO 2004/00685 5.

{8093} Alternatively, apnimals that have been genetically enginesred to produce
human antibodies can b used to generate antibodies against a polypeplide compising
amng acid residoes 23 to 44 of the homan CXCR3Z set forth in SEQ D NOA, or

comprising aminoe acid residues within this region, such as residues 25 to 35, 25 to 34; 25

1033, 251032, 25w 31, 2510 30; 26 10 35; 2610 34, 261w 33, 2610 32; 26 to 31; 27 10 35,
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2710 34 270 33, 2710 33, 28 10 35 2810 34; 28 t0 33, 291035, 2% 1w 34 ar 30 to 35 of
the human CXCR3 sat forth in SEQ 1D NO: 4, using standard immunization protocols,
Such mice are available commercially, for example, the NenoMouse® from Amgen

{Thousand Oaks, CA) (deseribed by Green et al, (1999} 1 Inumoncl. Methods 231:11-23),

{6084} In further aspects, antibodies and antigen<binding fragments that specifically
bind 1o an Neterninal epitope within amino acid residues 23 to 44 of the human CRCR3
set forth o SEQ 1D N4 are selected by soreening antibody librarigs.  Methods for
generating and scregning antibody libraries are well known in the art and can be vsed
berein. For example, total RNA can be earacted from peripberal blood B tvmphocoyvies
and a cIINA hibrary constructed by amplifving &, v and x chain antibody reperipires. The
cDMNA library can thew be used to make g display library.  Exemplary of the display
tibragies tor use in the describad methods is a phage disptay library, in which antigen-
binding fragiments of antibodies, such as single chain Py {scPv) fragments, are expressed
on the surfaces of bacteriophages as fusion protetns with the bacteriophage coat profein,
For display of antigen-binding fragments on phage, host cells capable of phage infection
and packaging are transformed with phage vectors, typically phagemid vectors, containing

polynucleotides encoding the antigen-binding frapments.

[B095] Peptides are then used to seloct ligands by panning, a process well known to
those of skill w the art, For example, a polypeptide comprising amino acid residues 23 {o
44 of the human CXCR3 set forth in SEQ 1D NO4, or comprising aminn aoid residues
within this regon, such as residues 25 10 3% 2510 34, 2510 33; 2510 32, 3510 3, 25w
30; 26 o 35, 26 10 34; 26 to 33 26 t0 3% 2610 31: 27 1o 35, 27 to 34; 27 10 33; 27 10 32
28310 35 2R 10347 28 10 33, 29 t0 35 20t 34 or 3 10 35 of the human CXCR3I set forth
wy SEQ 3 N 4, can be incubated with the phage Hbrary tor g sufticient time to permit
binding. Following incubation, the peptide-library mixture s washed and son-binding
Hbrary members are washed away. The remaining bound phage can be eluted using one of
several well known elution methods.  The selection methods are typically an iterative
process with mudiiple rounds of panuing, Soch iteration permits Wdentification of antibodies
or antigen-binding fragments thereof with improved binding affinity. Generally, selecled
phage are used in muliiple additional rounds of screening, by pooling the cluted phage

propagation of nucleic acids encoding the antigen-binding fragmenmts in host cei}s,,

expression {eg phage display) of the selected antizen-bingding fragments, and 3

- 3] ~
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subsequent round of panning. Mulliple rounds, ey 2, 3, 4, 5, 6, 7, 8, or more rounds, of
screening can be performed. Negative panning sleps may also be used, for example 0
remove phage which bind to son-relevant molecules, such as the carrigr protein

components of a glyean/carrier protein corjugate.

{6098} Huoat cells can theo be infected with selected phage, and individual clones can
be picked and grown up for plasmid purification using any method known to one of skill in
the art.  The puntied plasmid can be used for nucleic acd seguencing 1o wdentify the
sequence of the nucleic acid encoding the antigen-binding fragment and, by extrapolation,
the sequence of antigen-binding fragment, or can be used to transfect indo any cell for
expression, such as by not imited o, a mammabian expression sysiem. Purified proteins
also can be tested in subsequent i wigro or i vive assays Tor binding activity. If desired,
the antigen-binding fragments, such as the scFv fragments, can be converted to Fab or full

length 10 molecules using standard methods well known in the art.
Nuclvic acids amd expression

[6097] In part, the present invention is alse directed to oucleic acid molecules,
including isolated nucleic acid molecules, encoding the antibodies and antigen-binding
fragments of the present invention, In particular gspects, theretore, provided are nucleic
acid molecules encoding antibodies or antigen binding fragments comprising a CDR with a2
sequence of amino acids set forth in any one of SEQ I3 NOS: 20-25, or a CDR with g
sequence of amino acids having at least or at feast about 80%, 85%, 90%, 1%, 92%, 93%,
G4%5, 95%, B6%0, 97%, 98%, 99% or more sequence identity to any one of SEG 1D NOS:
20-25. In a particular embodiment, the nucleic acid molecules comprise # sequence of
nucieotides set forth in any one of SEQ 1D NOS: 26-31, or a sequence of nucleotides
having at least or at least about 30%, 35%, 9%, 91%, 93%, 93%, 94%;, 93%, 9655, 97%%,
8%, 99%% or more sequence idenfity to any one of SEQ 1D NOSZ6-31.  In other
embodiments, the nucleto acid wolecules comprise 8 sequence of nucteotides set forth 1o
any cng of SEQ 1D NOS: 45.50, or a sequence of nucleotides having at least or at least
about 80%, 8§5%, 20%, 91%, 92%, 93%, 94%, 93%, =96%, Y7%, 8%, % or mom

seguence identity to any ong of SEQ T NOS45.50

{6098] In one example, the present invention provides nucleic acid mlecules

encoding an antibody or antigen binding fragment comprising a CDR-HI comprising the
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amino acid sequence set forth in SEQ 1D NOQ:20 or a sequence of amine acids having at
teast or at least about 80%%, B5%, 90%, 91%, 92%, Q3% 94%, 95%%, 96%, 97%, 98%, 99%
or more ssquence identity to SEQ (D NO20, & CDR-H2Z comprising the amimo acid
sequence set forth in SEQ 1D NO2Y or a sequence of amino acids having at least or at
feast about 30%, 85%, B0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% 99% or more
sequonce wWentity to SEQ 1D NO:2L and a CDR-H3 comprising the amino acid sequence
set forth in SEQ ID NO22 or & sequence of amino acids having at Teast or at least about
80%, 85%, S0%, 9%, 92%, 93%, 94%, 95%, 6%, 97%, 98%, 99% or miore sequencs
identity to SEQ 1D NOG:22. In particudar examples, the nocleie acid molecules comprise a
sequenee of nucleotides set Torth in SEQ 1D NO: 26 or a sequence of nucleotides having at
feast or at least about R0%, B5%, 0%, 91%, 92%, 3%, 94%, 9%%, 9%, 97%, 98%, 99%%
or more sequence identity to SEQ D NO:26; a sequence of nuclectides set forth in SEQ
T0 NG 27 or g sequence of nucleotides having at least or at least about 80%%, 8525, 9094,
G1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more sequence identty tv SEQ 1D
NOZT, and a sequence of nucleotides set forth in SEQ ID NGO 28 or a sequence of
nucleotides having at least or at least about 80%, &5%, 90%, 91%, Q2% 93%,, Q4% 95%,
6%, 97%%, P8, 99% or morg sequence identity to SEG ID NO:28. In other examples, the
nucteic actd molecules comprise a sequence of nucleotides sel forth in SEQ D NG 45 ora
sequence of nucleotides having at feast or at least about 80%, 85%, 90%, 91%, 92%, 93%,
Q4% 93%, 96%, B7%, 98%, 99% or more sequence identity to SEQ 1D NOVAS, g sequence
of nuctectides set forth in SE} 1D NCr46 or a sequence of nucleotides having at least or at
least about B0%, RS%, 90%, 91%, 92%, 93%, 94%;, 93%, 96%, 97%, 98%, $9% or more
sequenee identity to SEQ 1D NO:46; and a sequence of nucleotides set torth in SEQ 1D
NGAT or a sequence of nucleotides having at least o at least about 80%, 83%, 90%, 91%,
Q2%%, D3%, 940, 95%, 56%, B7%, 98%, 99% or more sequence identity to SEQ 1D NO47.

6095} In ancther example, the present invention provides nucleic acid molecules
encoding an anfibody or antigen binding fragment comprising a CDR-L1T: comprising the
aminge actd sequence set Forth in SEQ 1D NC:23 o a sequence of amuno acids having at
least or gt least about 80%, 85%, 2#0%, 91%, 92%, 93%, 94%, 95%, 9¢%%, 7%, 98%, 99%
or more sequence ideatity to SEQ I NON2Z3, o CDR-LZ comprising the aming acid
sequence set forth in SEQ ID NQ:24 or a sequence of amino acids having at least or at

feast about B0%, RS%, 90%%, 91%0, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 9% or more
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sequenes dentity to SEG 1D MO 24; and & CDR-L3 comprising the amino acid sequence
set forth in SEQ ID WO:25 or a sequence of amino acids baving at Teast or at least about
80%, 85%, 90%, 1%, 92%, 93%, 94%, 95% 96%, 97%, 98%;, 99% or more sequence
identity to SEQ ID NOZS. o particular embodiments, the sucleic acid molecules
comprise a sequence of nuclectides set forth in REHQ ID NO: 29 or 8 seguence of
nucleotides having at least or at least about 80%, 83%, 90%, 91%, 92%, V3%, R4%, 5%,
A%, 97%, 98%, 9% or more sequence identily fo SEQ 113 NO:29;, a sequence of
nucleotides set forth iy SEQ ID NG: 30 or g sequencﬁ: of nucleotides having at least or at
{east aboul B0%:, 8%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 9%% or more
sequenee idenity 1o SEQ ID NG30; and a sequence of nucleotides set forth i SEQ 1D
N3 3 or a sequence of nucleotides having at least or at least shout 0%, §5%, 0%, 21%,
Q2%, 93%%, 94%, 3%, 96%%, 97%, 98%, 99% or more sequence identity to SEQ ID NO:3 1.
In othier embodiments, the micleic acid molecules comprise a sequence of nucleotides set
forth m SEQ 1D NO: 48 or a sequence of nuclectides having at least or at least sbout 80%,
B3%%, Q0% D1%, 2%, 93%, 94%, 95%, 96%, 97%, 98%, 9% or moare sequence identity
to REQ D NO:48; a sequence of nucleotides set forth in SEQ 11D MNO: 30 or a sequence of
nucleotides having at least or at least abiout 80%%, 85%, 90%, ¥1%, 92%, 93%, 94%, 95%;
6%, 7%, 98%, 9% or more sequence identity to SEQ 1D N(O48; and a sequence of
nucleotides set forth in SEQ 1D NO:48 or a sequence of nucleotides having at lgast or at
feast about §0%, 85%, 90%, 1%, 92%, 3%, 4%y Q5% Q6% 97%, 98%, 99% ot more

sequence identity to SEQ 1D NO48,

{60160} In further embodiments, the nucleis acid molecules of the present invention
encode a variabls heavy chain region comprising sequence of amine acids set forth in SEQ
2 WO3 or 2 sequence of amine acids having at least or about 809, 85%, 90%, 91%,

0204, 93%, 94%, B5%, 96%, 97%, 98Y, 99% or more sequence identity to SEQ 1D MO 13
In pne example, the nucleic acid molecules comprise a sequence of nucleotides set forth in
SEQ ID MO E2 or a sequence of nocleotides having at least or at least about R80%%, 83%5,
G0%%, Q1% 92%, 93%, 94%, 9%, 96%, 97%, 9B% 99% or more sequence dentity o
SEQ D NG 1Z

{80101} o further aspects, the nuclete acid molecules of the present tnvention encode
a variable light chain comprising a sequence of amino acids set forth in SEQ D NS or

a sequence of amina acids having at least ar about 80%, 83%, 90%, 9155, 92%, 93%, 94%,

w3 -
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G5%g, D6%, 7%, 98%4, 99% or more sequence identity to SEQ ID NO:15. In one example,
the nucleic actd molecules comprise 8 sequence of nuclectides st forth in SEQ 1D KO 14
or a sequence of nuclectides having at least or at least about 80%, 85%:, 90%, 91%, 92%,

G3%, 9455, 95%, 965, 87%, 98%, 99% or more sequence identity to SEQ 1D NO: 14

{0102} The nucleic acid molecules of the present invention may also encode a
variable heavy chain region compnising sequence of amino acids set forth in SEQ
MNi3AL or a sequence of amuino aeids baving at least or aboot 80%, 85%, 90%, 8%, W2%,
Q3%, D4%, 95%, 96%, 97%, 8%, 99% or more sequence identity to SEQ ID NOAL In
oue example, the nucleie acid molecules comprise a sequence of nucleotides set forth in
SEQ I NO43 or a sequence of nucleotides having at least or at least about 80%, 5%,
Q0%y, D%, 92%, 93%, 94%;, 95%, 96%, 97%, 08%:, 9% or more sequence identity to

SEQ D KO 43,

{80163} In other aspects, the nucleic acid molecules of the present invention encode a
variable light chain comprising & sequence of amino acids set forth in SEQ ID NO42 ora
sequence of aming acids having at least or about B0%, 8596, 90%, F1%, ¥2%, ©3%, 44%,
G5%, Wohe, 97%, 98%4, 99% or more sequencs wlentity to SEQ ID NO:42, In one example,
the nucleiz acid muolecules comprise a sequence of nucleotides sat torth in SEQ 1D NO44
or a sequence of nucleotides having at least or at least about 80%, 85%, 90%. 91%, 92%,

3%, 049, 95%, 06%, 07%,, 98%, 89% or more sequence wentity 1o SEQ ID NO:44.

{0111 B4} Nucleic actd molecules encoding the antibodies or antigen-binding fragments
thereof provided herein can be prepared using well-known recombinant technigues for
manipulation of nuclele acid molecules, In some examples, methods, such as, but sot
fimited to, recombinant DMNA technigues, site directed mutagenesis, and polymerase chain
reaction (PCRY can be used o generate nucleie acid molecules encoding modified
antibodies or anfigen-binding fragments thereot having a different amino actd sequence,
for example, to create amino aoid substitutions, deletions, andfor inseriions,

{001 05] In particular examples, one or more of the CORs of an antibody or antigen-
binding fragment thereol provided herein is inserted within framework regions using
routine recombinant DNA techmigues. The framework regions can be selected from
naturally ocourring or consgasus framework regions, including buman framework regions.

Generally, the polvoucleotide generated by the combination of the framework regions and
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CDRs encodes an antibody or antigen-binding fragment thereof that maintains the antigen-
binding specificity of the parent apti-CXCR3 antibody or antigen-binding {ragment
thersof. Alterations to the polynuclestide can be made to improve one or more properties
of the encoded antibody or antigen-binding fragment thereof and within the skill of the art.
In some examples, ong or more modifications of the polynuclectide can be made to
produce anune acid substitubions witlhin the Gamework regons, which, ot example,

improve binding of the antibady or antigen-binding fragment thereof to its antigen.

[00166] The nucleie actd molecules of the present invention can b incorporated into
suitable vectors and constructs for expression of the encoded antibody o antigen-binding
fragment. (Generally, nucleic acid encoding the heavy chain of an antibody 1s cloned into
vector and the nucleic acid eneoding the light chain of an antibody 15 cloned into the
vector. The genes can b cloned into a single vector for dual expression thereof, or into
separate veotors, I desired, the vectors also can contain further sequences encoding

additional constant region{s} or hinge regions to generate other antibody forms.

{60157} Many expression vectors are available and known to those of skill in the art
and can be used for expression of polypeptides. The chotee of expression vector will be
influenced by the choice of host expression system. Such selection is well within the level
of skill of the skilled artisan.  Exemplary expression svstems include prokarvetic
expression systems, and insect, veast and mammualian cell expression systems, In general,
expression vectors can inglude transcriptional promoters and optionally enhancers,
transtational signals, and travscriptional and translational termination signals. BExpression
vectors that are used for stable transformation typically have a selectable marker which
allows selection and matntenance of the transformed cells.  In some cases, an ongin of
replication can be used to amplify the copy number of the vector in the cells.  Antibodies
and antigen-binding fragments produced from recombinant expression of the nucleic acids
molecules, or produced by any other method described herein or known in the art, can be

purntfied or isolated by any means kuown to a skilled artisan,
Modification of contibodies

jB0108] Any of the antibodies and antigen-binding fragroents provided heretn can be
further moedified using methods well known in the art. For example, modifications can be

made o increase binding, by for example, affinity maturation, or to decrease

§
3
[
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immuncgenicity by removing predicted MHC class H-binding motifs. The therapeutic
utility of the antibodies and antigen-binding {ragments thereof described herein can be
further enhanced by modulating their functional cheracteristics, such as ADCC, CDC,
serwrn half-life, biodisiribution and binding to Fo receptors or the combination of any of
these. This modulation can be achieved by protein-engineering, glyco-engineering or

chemical methods,

{60109} Numegrous methods for affinity maturation of antthodies are known in the art.
Many of these are based on the general strategy of generating panels or Hiwaries of vartant
proteins by mutagenesis tollowed by selection and/or screening for improved affinity, such
as by selection by panming methods descnbed above. Muftagenesis is often performed at
the DNA level, for example by error prone PCR, by gene shuffling, by use of mutagenic
chemicals or radiation, by use of “mutator” strains wiih error prone replication machinery
or by samatic hypermutation approaches that barness natural affinity maturation
machinery, Muotagenesis can also be performed af the RNA level, for example by use of
QB replicase. Librarv-based methods allowing screening for improved variant proteins can
be based on vanous display technologies such as phage, veast, ribosowe, bacterial ot
manunalian cells, and are well known in the art.  Affinity maturation can be achieved by
more dirgcted/predictive methods for example by site-directed mutagenesis or gene

synthesis guided by findings from 3D protein modelling.

{60110} Methods of increasing ADCC and/or CDC have been described and are well
known in the art. For example, the elimination of fucose from sugar chains on an antibody
enhances ADCC, thereby snhancing anti-tumour activity of the antibody of antigen-
binding fragrent thereot. This can be achieved by producing the antibodies from host
cells that lack the FUTE gene, the product of which 1 responsible for the fucose addition to
sugar chains {ie. Potelligent® Cells). In other examples, mutations can be incorporated

into the e portion of the antibody, as described above and in Example 5.

100111} In further examples, the antibodies and antigen binding fragments may be
linked to one o more meieties, such as by recombinant means 1o generate fusion
polypeptides, or by conjugation or by other linking means to generate immuno-conjugates.
Exemplary moteties include, but are not limited to, PEG moteties (4.2, 1o preduce peglyated
antibodies and antigen binding fragments that exhibit increased half-life and/or timproved

pharmacokivetic profiles), cviotoxic or cytostatic moigties (g oviotoxic or oyiostatic

5
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small molecules, peptides or polypepiides), detectable moieties {e.g fluorescent dyves,
tunsinescent o chemiluminescent labels, radiolabels, radioisotopes, metallic ions,
enzymes, colorimetric labels and magnetic beads), imnumomoedulating agents, including
imonosuppressive agents (e cytokines, chemokines, ghucocorticoids, alkylating agenis,
artimetabolites, evelosporine, rapamycin and tacrolimus), and other polvpeptide moieties,
such as albumin to troprove half-life. The antibodies and antigen-binding fragments may

also be glyveoengineered to alter the glycan structures on the antibodies and fragments.
Methods of assessing the amtibodies

100112} The antibodies and antigen-binding fragments thereof provided heretns can be
charactesized to a variety of ways well-koown to one of skill in the art. For examyple, the
anti-CXCR2 amibodies or antipen-binding fragments thereof provided herein can be
assayed for the ability to specifically bind to CXCR3, or the N-tenminal epitope within
anuno acid residues 23 to 44 of human CXCR3. Binding assays can be performed in
solution, suspension or on & solid support.  For example, target astigens can he
immebilized to a sohd support {e.g a carbon or plastic surface, a tissue culture dish or
chip) and contacted with antibody or antigen-binding fragment thergof. Unbound antibody
or target profein can be washed away and bound complexes can then be detecied. Binding
assays can be performed under conditions to reduce nonspecific binding, such as by using
a high iomc strength buffer {e.g, 03-04 M Na(l) with norionic detergent {eg 0.1%
Triton X-100 or Tween 20} andfor blocking proteins (eg bovine serum albumin or
gelatin}. Negative controls also can be included in such assays as a measure of background
binding. Binding affinitics can be determined using Ncatchard analysis, surface plasmon
resonance, isothermal calorimetry, or other methods known to one of skill in the art
Exemplary mmunogssays which can be used fo analyze apecific binding and crogs-
reactivity include, bur are not limited to, competitive and non-competitive assay systems
using techniques such as, but not limited to, western blots, radioimmunoassays, BELISA
{enzyme linked imrounosorbent assay), Meso Scale Discovery (MSD, Gaithershurg,
Maryland), "sendwich”™ immunogssays, immunoprecipiiation assays, BELISPOT, precipitin
reactions, ged diffusion precipitin reactions, immunodiffusion assays, agglutination assays,
complemont-fixation assays, imununoradiometric assays, fluorescent inununoassays, and
protein A immuncassays. In further examples, tlow eytometry can be nsed to assess the

ability of antibodies and antigen-binding fragments 10 recognize cells expressing CXCR3.
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60113} Binding specificity of the antibodies and tragments can be assessed using
methods well koown in the art, including those methods described below in Example 3. In
particular examiples, competition assays, such as competition ELISAs, can be used to
confirm that the antibodies and fragmerts thereof specifically bind to the same N-ermiual
epitope within anvino acid residues 23 t0 44 of human CXCR3 as the 9C5 antibody
described herein. In such assays, for example, the antigen 15 incubated o the presence of @
predetarmined lumiting dilution of a labelled anttbody (sg. SO-70 % saturation
concentration), and serial dilutiens of an unlabeled competing antibody. Competition 1s
determined by measuning the binding of the labelled antibody to the antigen for any
decreases i binding in the presence of the competing antibody, Vartations of such assays,
including various lsbelling technigues and detection methods lncluding, for example,

radionetric, fluorescent, enzvmatic and colorimetric detection, are known in the art.

{60114} The activity of the antibodies and antigen-binding fragments can be assessed
using a variely of i wiere  and iy vive methods well koown o the art, 1ncluding those
exernplified in the Examples below. The abuility of the antihodies and antigen-binding
fragments to facilitate depletion of CXCR3 ™ cells én vivo can be assessed, for example, by
administering the antibodies or antigen-binding fragments to a subject, such as a nwuse.
The depletion of CXCR3™ cells can then be determined by removing the spleen and
isolating splenccytes, then staining the lymphocytes with appropriate antibodies to cell
surface molecules, including CXCRY, and visuglizing the cell populations by flow
eytometry. In further examples, fo viro chemotaxis assays can beused to assess the ahility
of the antibodies and antigen-binding fragments to mhibit CXCR3-mediated chemataxis,
Briefly, CXCR3 transfected cells (e L1.2 cells) can be added to the top chamber of 2
transwell plate with or without the antibodies or antigen-binding tragments, and CXCLS,
CXCLI0 andfor CXCL11 added to the bottom chamber. The number of cells that migrate

to the bottom chamber can then be assessed by, for example, flow cytometry.

[680115] Small animal models also can be used to assess i vive activities of the
antibodies and antigen-binding fragmergs.  For example, the ability of the antibodies and
antigen-binding fragments to delay or prevent graft rejection can be assessed using the
pancreatie wlet allograft transplant model described in Example 7, below.  Antibodies or
antigen binding tragments can be administered to diabetic recipient mice recgiving the

graft before, during andfor after transplamtation, and the graft survivel monitored by

-39 .



WO 2014/186842 PCT/AU2014/050048

assessing blood glucose levels. In other example, a munine cardiag aliograft model can be
used, in which donor aorta and pulmonary actery are anastomosed to the recipient
abdominal aorta and inferior vena cava, respectively. Graft function is assessed by
palpation 1o the recipient mice with or without adsinistration of the antibodies or antigen-

binding fragments.
Lises uf the wmiibadies und anfigen-binding fragments

{00116} The antibodies and antigen-binding fragments of the present invention can be
psed 1n g vartely of fn vitre and én vive methods. In particolar examples, the antibodies and
antigen-binding fragments of the present invention, including antibodies and anfigen-
binding fragments that are fusion proteins or immunoconjugaies, can bind a CXCR3
polypeptide and can be used to detect, measure, select, isclate andfor purify a CXCR3
polypeptide or vanaots thereot or cells expressing CXUR3S, and to study CXURS protein
structure and function.  The antibodies and antigen-binding fragments of the present
invention also can be used in diagnostic applications (c.g., # vitre or ex vive) andfor in

therapentic applications,

§0EL7Y The antibodies and antigen-binding fragnwats can be used to detect and/or
measure the level of a CXCR3 polypeptide or CXCRY' cells in 3 sample (e, tissue or
body fluid). In one example, a sample {e g, tissue, cells and/or body fluid) is obtained
from an individugl and a suttable immunoctogical method nsed to detect snd/or measure
CXCR3 expression and/or (XCR3™ cell number and location.  Suitable immunological
methods for detecting or measuring CXCR3 expression include, but are not limited, to
enzyme-linked immunosorbent assays {(ELISA ) radioimmunoassay, immunchistology and

How cyvtonietry.

{80118} Accordingly, m particular embodiments, the present invention is directed to
methads of detecting or measuring CXCR3 in a sample, comprising contacting the sample

with an antibody or antigen-binding fragment of the present invention under conditions
suitable for binding of the aniibody or antigen-binding fragment to the UXCR3
polypeptide, and detecting and/or misasuring binding of the antibody or antigen-tinding
fragment to the CXCR3 polypeptide. Binding of the antibody o antigen-binding fragment
thereof to the CXCR3 polypeptide indicates the presence of the CXCK3S polvpeptide in the

sample, Tn some examples, hinding of the antibody or antigen-binding fragment thereof to
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CXLOR3 15 assessed by detecting the antibedy or antigen-binding fragment, For example,
the antibody or antigen-binding fragment can have a detectable label, such as a fluorescent
or chemitluminescent label that allews direct detection of the antibody or antigen-tinding
tragment. lo other cxamples, the antibody or antigen-binding fragment is detected
indirectly, such as by using antibodies specific for the Fe region of the antibody or antigen-
binding fragroent.  Saroples can include, bul are not limited to, blood, cells or tissue.
Typically, the CXCR3 is expressed on a cell.  Accordingly, the antibodies and antigen-
binding fragments of the present invention can be used to detect or measure CXCR3™ cells
ur a sample, comprising contacting the sample with an antibody or antigen-bindimg
fragment thereof of the present invention under conditions suitable for binding of the
antibody or antigen-hinding fragment to a CXCRA™ cell, and detecting and/or measuring
binding of the antibody or amtigen-binding fragnient to the CXCR3™ cell. In particular
applications, an anttbody or antigen-binding fragment of the invention can be used io
analyze normal versus inflamed tissues {eg, from a human} for CXOR3™ cells to detect
associgtions hetween disease (e.g.. grall rejection) and increased expression of a CXUR3

polypeptide in affected fissuss.
Therapeutic uses

{80119} In particular embodiments, the antibodies and antigen-binding fragmenis of
the present invention are used in therapeutic methods.  In some embodiments, the
artibodies and antigen-binding fragments are used in methods to inhibit CXCRS binding to
one or more ligands, such as CXCLS, CXCLIO andlor CXCLLL

x4

inhubit veigration,
accumnulation, recruitment or infiltration of CXCR3™ cells, such as to a site of
inflammation; and/or deplete CXUR3I cells. The CXCR3T cells include, but are not
fimited to, CRORI/CDA™ T eells, CNURI/CDE™ T gells and CXCRI/BR20™ B cells.

{60201 Accordingly, provided are methods for inhibiuing the recruitment or
migration of CXCR3 cells to an inflasnmation site in a subject, comprising administering
o the subject an effective amount of an antibody or amtigen-binding fragment of the
present invention. Inhibition can include mhibition of at least or about 20%, 25%, 30%,
359, 400, 45%, 50%, 55%, 60%, 65%, T0%, 75%, BO%;, 85%, 00%, 95% compared 1o the
recruitment or migration of CXCR3” cells to an inflammation site in the absence of the

antibody or antigen-binding fragment.
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[601211 Also provided are methods of depleting CXCR3 ™ cells in 2 subject,
comprising administering to the subject an effective amount of an antibody or antigen-
binding fragment of the present invention. Depletion of CXCR3™ cells can mnclude
depletion of at least or about 20%, 23%, 30%

0%, T5%, BO%G, 85%, 80%, 95% or more.

35%, 40%, 45%, 50%, 33%, 60%, 5%,

2

{60122} In particular embodiments, the antibodies and antigen-binding fragments of
the present nvention ¢an be used in methods for treating or preventing & disease, disorder
or condition that is associated with CXCR3-mediated reeruitment or migrstion of cells to
an inflammation site, andfor with the activity of CXCR3I™ cells. Exemplary diseases,
disorders and condiions include, but are not limited to, inflammatory or allergic diseases
and condinons, including systemie anaphviaxiz or hypersensitivity responses, drug
allergies, sect sting allergies. inflammatory bowel diseases, such as Crohn's disease,
ulcerative colitts, celtac discase, ileitis and enteritis; sarcoidosis; vaginitis; psoriasis and
wiflammatory dermatoses such as dermatitis, eczema, atopic dermatitis, allergic contact
dermatitis, urticariz; vasculitis {eg., neorolizing, cutaneous, and hypersensativity
vascuhitisy, spondviosrthropathies; scleroderma, respivatory allergic diseases soch as
asthma, allergic rhinitis, hypersensitivity lung diseases, hypersensitivity pneumositis,
interstitial lung diseases (ILD) (e.g., idiopathic pulmonary fibrosis, or LD associated with
theumatoid arthritis, or other autoimmune conditions); autoimmung disesses, such as
arthritis {e.2., theumatold arthrits, psoriatic arthritis), multiple sclerosis, systemic Tupus
erythematosug, myasthenia gravis, diabetes, including diabetes mellitus and juvenile onset
diabetes, glomernlonephritis and other nephritides, autoimmune thyroiditis, Beheet's
syndrome, Sydenham's chorea, autolmmune astonomic neurcpathy; and grafl or trangplant
rejection, including sllogralt or allotransplant rejection, xenografl or xenctransplant

rejection ot grafi-versus-host discgse.

180123} In particular embodiments, provided are methods for promoting graft or
transplant survival in & subject, comprising administering to the subiect an antibody or
antigen-binding fragiment of the present invenbion.  Accordingly, also provided are
methods for inhibiting or preventing graft or transplant rejection in a subject, comprising
administering to the subject an antibody or antigen-binding fragment of the present
invention. The subject is one who has already received, is currently receiving or will

repeive, the graft or transplant.  Accordingly, the antibody or antigen-binding fragment can
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be administered before, at the same time, or after, the subject receives the graft or

transplant, or at more than one of these times.

180124} The methods of the present invention that are directed to promoting graft or
transplant survival andfor inhibiting or preventing graft or transpdant rejection 1n a subject
are applicable o any tvpe of graft or transplant, including but not Hmited to, cell, tissue,
organ and hmb grafis or transplants. Exemplary grafts and transplamts include. but are not
limited fo, heart, kidney, lung, liver, pancreas, pancreatic islets, brain tissue, stomach, large
intestine, small titestine, cornea, skin, trachea, bone, bone marrow, muscle, bladder or
parts andfor combinations thereof.  In particular embodiments the methode are for
promoting the survival, or inhibiting the rejection, of solid organ transplants, such as

kidney, heart, lung

feo )

liver, intesting and pancreas transplants,
Formulativen, dosages and modes of adourasivation

{80125} The antibodies and antigen-binding fragmenis of the present invention that
specifically bind to CXCR3 can be fornmwlated for in vitro or in wivo use. For example, in
some aspects, the antihodies and antigen-binding fragments are formulated for i virre use,
such as for use in &7 vitro assays to detect CXCRZ. In other examples, the antibodies and
antigen-binding fragments are formulated for ér vive use, such as for administration to &

sulsject.

180126} In particular embodiments of the present inventicen, the antibodies and
anfigen-bindimg  fragmenis  are formwulated a3 pharmaceutical  compositions  and

administered to a subject for diagnostic or therapeutic purposes.

{80127 For # wive admoinistration to g subject, compositions containing the
antibudies and antigen-binding fragments are prepared in view of approval from a
regulatory agency or otherwise prepared in accordance with penerally recognized
pharmacopeia for use in anirsals and in homans. Cormpositions can coutain, in addition to
the antibady or antigen-binding fragment, a diluent such as lactose, sucrose, dicalcium
phosphate, or carboxymethyleeliutose, a Jubrigant, such as magnesiom stearate, caleium
stearale and tale; and 2 binder such as starch, natural gums, such as gum acaciagelatin,
glucose, mwlasses, polvinylpyrrolidine, celluloses and derivatives thereol, povidone,
crospovidones and other such binders known to those of skill 1n the art Suitable

pharmacentical excpients wclude starch, glucose, lactose, sucrose, gelating malt, rice,
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flour, chalk, silica gel, sodium stearate, glycerol monostearate, tale, sodiom chlornide, dred
skim milk, glyeercl, propylene, glyeol, water, and ethanol. A pharmacsutical composition,
it desired, also can contain minor amounts of wetting or emulsifving agents, or pH
buffering agents, Tor example, acetate, sodivm citvate, cyclodexinne derivatives, sorbitan
maonolaurate, frigthanolamine sodium  acstate, triethanclamine oleate, and other such

agents.

[60128] The compositions can be formolated for administration by any route. The
most appropriate route of administration can be determined by a person of skill i the art,
taking Irtto aceount the particular use, such as the particular disease, disorder ot conditron
being weated.  For example, the compositions can be formulated for parepteral,
mtravenous,  indraanenial,  subcutaneous,  intramuscular,  intracramal,  intraorbital,
ophthalmie, intraventricular, intranasal, or oral adminsiration. In particular embodiments,
phammaceutical compositions comprising the anti-CXCR2 antibedies or antigen-binding
fragments are in the form of hquid solutions or suspensions for intravenous adminisiration.
Also encomipassed by the present invention are formulations for controlled release of anti-

CXOR3 antibodies or antigen-binding fragroents of the present invention,

{00129} The compositicns comprising the antibodies and antigen-binding fragments
of the present invention are formwlated with an amount or concentration of antibody or
antigen-binding fragment that i3 suitable for the embodiments of the present inveniion, ey
at therapeutically effective gongentrations, such as to promote graft survival or inhibit graft
rejection when administered to a subject. The compositions can be foemulaied for direct
adminisiration to a subject, or can be formulated a3 a concentrated composition that is
subsequently diluted prior to use. Tn particular embodiments, the compositions are in higuid
form and are formulated with betwesn about 1 ng/ml to about 100 mg/mL of an antibody
or antigen-binding fragment, between about 10 ng/ml and about 10 mgiml, between
about 100 ng/ml. and about 10 mg/ml., betwesn about 1 yg/ml. and sbout 10 myml,
between about 10 pg/mL and about 1 mg/mL, or between about 100 pg/miL and about 1
mg/mk of and antibody and astigen-binding fragment. The most suitable concentration fo
achieve the desired effect will depend on a number of factors and may be determined by

those skilted 1 the art using routine experimentation.

180134} the compositions comprising the anti-CXCR3 antibodies and antigen-

binding frapments can also contain one or more additional active agents. For example, the

e
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compositions provided herein can include one or more other active agents useful in the
{reatment of a disease, condition or disorder that is 1o be treated by administration of the
anti~-CXCOR3 antibodies and antigen-binding fragments of the pressmt invention. I
particular  embodimenis, the compositions further comprise one or more other
immunosuppressive or immunomodulatory agents, such as, for example, another antibody
or autigen-binding fragments thereef, cvicking, chemokine, glucocorticod, alkyvlating
agent, anlimstabolite, or  caleineurin  inhibitor Non-limiting  examples  of
immunosuppressive agents that can be included In the compositions of the present
mvention inglude, bub are not limited to, glucocorticoids, ovclosporine, rapamyein,
voclosporin, strolimus, everplunus, tacrehimus, myveophenolate mofetil, myeophenplic
acid, mizonthine, SIP-R agonmisds such as FTY 720, malononitiaaides such as FKT78,
anti-CD3 monaclonal antibodies such as puromonab-CD3, anti -CD25 antibodics such as
dachizumab and basiliximab, anti-CDA2 antibodies such as alemtuzumab; anti-CD2O
antibodies such as rituximab, and anti-tumor pecrosis factor {TNF) antibodies such as

infliximab, etanercept and adalimpmab.

{60131} The compositions can be administered to a subject 1 the desived amount,
such as an amount sutficient for disggnostic purposes of a therapeutically effective amount,
For example, the composibons can be administered 1 an amount to promete graft or
transplant survival, or inhibit graft or transplant rejection. The precise amount o dose of
the antibody or antigen-binding fragment that is adminisiered to the subject depends on
several factors, including, but not limited to, the activity of the antibody or antigen-binding
fragment, the use of aher therapeutic agemts, the route of administration, the number of
dosages administered, and other congiderations, such as the weight, age and general state
of the sulyeet. Parlicular dosages can be empirically determined or extrapolated from, for

example, studies in antmal models or previous studies in humans,

{80132} The pharmaceutical compositions containing the anti-CXCR3 antibodies and
antigen-binding fragments of the presemt invertion can be administered by any method and
route understuod 0 be suitable by g skilled artisan.  Administration may be systemic,
regional or local as determined by a skilled person on the basis of a variety of factors,
meluding the condition, tsease or disorder o be {reated, activity of the therapeutic agent
and state of the subject. For example, in some instances, regional administration may be

most appropriate, as this provides the capability of delivering very high local

45 .



WO 2014/186842 PCT/AU2014/050048

concentranons of the desired agent to the regquired site and thus is suitable for achieving the
desired therapeutic or preventative effect whilst avoldieg exposure of other organs of the

body to the compound and thereby potentially reducing side effects.

{80133} Exemplary routes of admipistration include, but are not limited to,
intravenous {including by discrete injection, infravenous bolus or continuous infusion},
itramuoscular, intradermal, trapsdermal, parventeral, intracranial, intraarterial, intracrbital,
subcutaneous, miranasal, oml, intraperitoneal or topical administration, as well as by any
combination of any two or more thereof, formulated i a manner suitable for each route of
administration.  The anti-CXCR3I  antthody  or antigen-binding fragment can bhe
administered pnee or more than once, such 2, 3, 4, 5, 6 or more times, daily, weekly, bi-

weekly, monthly or any combination thereof,

[00134] In the particolar methods provided heretn, a composition comprising an anti-
CKCR3S antibody or antipen-binding fragnient of the present invention is administerad to a
subject before, during and/or after the subject has recetved a graft or transplant, such as an
allograft or xenograft, or allotransplant or xenotransplant.  For example, a composttion
comprising the antibody or antigen-binding fragment can be administered 1o a subject at
any time before, during and/or alter the subject received a graft or transplant, such as | day
betore, 12 hours before, 2 hours beforg, at the same time, and/or 1 hour, 2 hours, 6 hours,
12 hours |, 18 hours, 24 hours, 2 days, 3 days, 4 days, § days, 6 days, 7 days, 2 wesks, 3
weeks, 4 weeks or more after the subject has received a graft or transplant, or any

combination thersof

[60135] I some embodiments of the present invention, the anti-CXCR3 antibodiss or
antigen-binding fragmemts are administered to g subject in combination with one or more
other therapeutic agents. In embodiments where a subject is administered an ant~-CXCR3
antibody or antigen-binding fragment and one or more other therapeutic agents, the
antibody or antigen-binding fragment and the one or more other therapeutic agents can be
in the same o different compositions, and can be administered by the same or different

routes, at the sante time or at different times.

{01 38] In one cobodiment, g subject about W receive, receiving o having received
a graft or transplant can be administered an ant-CXCR3 antibody or amtigen-binding

fragment of the present fnvention and another therapeutic agent. For example, the anti-
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CXCR3 antibody or antigen-binding fragment of the present invention may be
administered in combination with an agent that induces or expands regulatory T cells (Treg
cells), such as CD4™/CD2S Fox3p™ T cells. Exemplary agents include, but are not Himited
1o, wterleukin 2 (JL-2). In forther examples, the anti-CXCR3 autibody or antigen-hinding
fragment may be administered in combination with an IDUnUnoSUppressive agent,
meludiog but are oot hovted to, a glucocorticond, cvelusporine, rapamyein, voclosporin,
sirobitnus, everctinus, tacrolimus, mycophenolate molbetil, myvcophenolic acid, mizoribine,
S1P-B agonist such as FTY720, malonontrilamide such as FKT78, anti-CD2Y antibady
such @s wuramonab-CT83, anti ~CDZS antthody such as dachizomab and basihiximab, aoti-
CD32 antibody such as alemstuzumab, anti-CD20 antibody such as rituximab, and anti-
turaor necrosis factor (TME) antibody such as inflixiveab, etanercept and adalumumab. I
such instances, the anti-CXCR3 antibody or antigen-binding frapment can be administered

sitnubtangously with and/or sequentially to the other therapeutic agent.
Epitope peprides and uses thereof

{60137} One aspect of the present invention is directed fo isolated peptides
comprising or consisting of the eputope to which the antibodies and antigen binding
tragments deseribed herein bind. Accordingly, provided herein are peptides comprising or
consisting of amino acid residues 23 to 44 of SEQ 1 NO4 or g sequence of amin gotds
having at least or about B0%;, B5%, 90%, 9%, 92%, 93%, 9%, 95%, 96%, 97%, 98% or
9% sequence identity to amind acid residues 23 fo 44 of SEQ ID NO:4. Also provided
are peptides comprising or consisting of amino acid residues 23 10 43; 23 10 42; 23 to 41
w40 23039230 3R 2B w37 W w3 w IS A3 w34 w33 3w 3223w
323 1030, 23 10 29 24 10 44, 24 10 43, 24 10 42; 24 to 415 24 10 40; 24 10 39 24 1o 3§,
2450 37 24 10 30 24 (0 35; 24 10 34; 24 1033; 2410 32; 24 1031 2410 30; 24 10 29; 2310
44 25 1o 43; 25310 92; 25 te 41, 25 to 400 25 to 3% 25 10 38; 251 37 25 10 36; 25 10 35
W3 25033 25w 3225w 3L 23w 3 20w 4d 20043 2B w042, 26041 25 o
40; 26 t0 39, 2610 38; 26 10 37, 26 1o 30, 26 10 35 2610 34, 20 t0 33; 2610 33, 26 10 31,

274044, 271043, 2T 1042, 27 1041, 27 1040, 2740 39, 27 10 38, 27 10 37, 2T 10 386, 2T to
35027 t0 34, 27 10 33; 27 10 32, 28 to 44; 28 to 43; 28 to 42; 28 to 411 28 1o 40; 28 to 39
IR1038, 281037, 2810 36, 28 1o 35, 28 10 34, 28 t0 33, 2R 1o 32; 20 to 44, 29 10 43, 2% to
42; 29 1y 415 29 1o 40, 29 10 39; 29 10 3%; 29 10 37 29 10 36; 28 10 35; 29 o 34; 30 o 44;

-

301043, 301042, 3010 41 3010 40; 3010 39, 3010 38,3010 37; 30 10 36; and/or 30 10 35
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of SEG D NO4, or a sequence of amino acids having at least or about 80%, ¥5%, 0%,

Ql%p, 92%, 3%, 9%, 95%, 96%, 7%, 9B8% or 99% sequence identily.

{60138} o particular embodiments, the peptides consist of amino acd residues 25 to
35,2510 34, 2510 33 2% w0 32, 2510 31 25 w0 30, 2010 35; 26 10 34 2010 33 26 10 32;
261031 27w 3527 w34, 271033, 2T w0 32; 28 t0 35, 2810 34; 28 10 33; 29 t0 35, 2% ko
34 andfor 301 33 of SEQ ID NG 4,

{00139 The peptides comprising or consisting of the epitope to which the antibodies
and antigen binding peptides described herein biad can be fused, conjugated or otherwise
linked to one or more other entities or molecules, meluding but not linuted to, proteins,
peptides, synthetic polvmers, adjuvasts, small molecule, drugs and/or chemical entities.
For example, the peptides can be associated with an affinity tag, such as a His tag, to
facilitate purification. In other examples, the peptides can be associated with a detectable

motety, such as a fluorescent, bicluminescent or chemiluminescent molecule.

{00140] in particular examples, the peptides are associated with ang or more carriers,
such as to facilitate the generation of an immune response following administration of the
peptide to a subject. For example, the peptides can be associated with a carrier protein,
meludiog, bt vot limited to, KLH, OVA, BSA, thyroglobulin, tetanus toxoud, and CCH.
In other examples, the peptides are associated with an adjuvant. Any adjuvant known in
the art can bo associated with the peptides described bercin, Non-limitng examples of
adipvants tnclode aluminium salts {eg aluminium hydroxide, aluminium phosphbate and
potassium aluminium sulfate (also referred 1o as Alum)), Hposomes, virosomes, Preund's
adjuvant and saponiv-based adjuvants. Sapomin-based adjuvants include saponing or
saponin derivatives  from, for example, Qwiflajio sapomaria, Funox ginseng Panox
neragimeng, Panox gramipefolium, Platycodon grandiflorum, Polysale senega, Polvgala
femifoliv, Quillajo brasiliensis, Astragatus membranaceus wwd Achyranihes bideniaia,
Exeroplary sapouin-based adjuvants include iscoms, iscom maliy, IRCOMATRIXT™™
adiuvant, Matrix M™ adiuvant, Matrix C™ adjuvant, Matrix Q™ adjuvant, ARISCO®-
100 gdpovant, ABISCO®-300 adjuvant, ISCOPREP™, an ISCOPREP™ denivative,
adiovani confaining ISCOPREP™ gor an [SCOPREP™ derivative, {3821, a Q8-21
derivative, and an adjuvant containng QS5-21 or a Q321 denvative. The peptides also can
be assoctated with immumodulatory agents, including for example, cytokines, chemaokines

and growth factors.
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{60141} Assoctation of the peptides with other entinies, such as camriers, can be
achieved using any method known o those skilled in the art. Assoclation can b by
covalent bonding or non-covalent bonding, such as with nvidrogen bonds, ionic bonds, van
der Waale forces, and hydrophobig interactions. 1n some examples, associstion is achieved
by merely mixing the peptide with the other entity, such as an adjuvent. In further
examples, the association 15 aclueved by conjugation using methods well koown to those

shitied in the art,

160142} The provided peptides can be used o in vio or in vive methods.  For
examiple, the peptides can be used in methods {0 detect, identity, select or snalvee
antibodies specific for CRCR3. In particular examples, the peptides are used in selection
methods to selest antibodies specific for CXCR3.  Such methods include panning
techniques usefil For scresning antibody Hibraries (o select antibodies specific for CXCR3.
The peptides also can be used in affinity maturation techniques. Assays and techniques for
detecting, wentifying, selecting and analyxing antibodies are well know to those skilled in

the art,

{00143] In further examples, the peptides are used to ehictt antibodies specific for
CXCR3. For example, the peptides can be administered to a subject, such as a small
aninval, thereby eliciting an antibody response to the peptide. The ant-CXCR3 antibodies
elictied in the response can be isolated or purnified using well known methods. To particalar
examples, antibody producing cells are 1solated from the subject t0 generate hybridomas,
from which monoclonal antibodies specific for CXCR3 are produced. I partieular
entbodinents, the peptide is linked fo a cartier or adjuvant, such as described above, 1o
enhance mmupnogenicity,  Soch methods of eliciting antibodies 10 an antigen are well
knowsn in the art, and any such roethod can be used with the peptides of the present
ivention.

{00144} Also provided are compositions comprising the peptides comprising ot
consisting of the epitope to which the antibodies and antigen binding fragments described
herein bind.

B 148] The citation of any reference herein should not be construed 45 an admission
that such reference is available as “Prior Art” to the present application. Further, the

reference i this specification to any prior publication {or information derived from 1), or
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1o anvy matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it} or known matter forms part of the common general knowledge in the field of

endeavonr to which this specification relates.

{60 148] The present disclosure is further described by reference to the following non-

limiting examples.

EXAMPLES
Example 1. Geoeration of anti-CXCR3 antibodies

{00147} Antibodiss specific for CXCR3 were generated in CXCR3™ knockout mive.
Briefly, L1.2 cells (a murine pre-B cell line) were transtected with the mouse CXCUR3 gene
(SEQ 10 NG and CXCR3™ knockowt mice were immunized with the transfected 1.1 2
cells, by intraperitoneal injection, five tmes fortnightly, with one final intraveous boost (2
x 107 cells per injection). B cells were isolated from the spleens of immunized mice and
tused with myeloma cells to produce hybridomas, Hybridoma clones were then screened
tor reactivity with mouse and hwman CXCR3 gsing 1.2 cells transfected with mouse

CXCR3 (8EQ 1D NO: 1y and human OXCR3 (SEQ 1D N(x40.

{001 48] Clone 205 was identified as being strongly resctive for both mwuse and
human CXCR3. Totel RNA from the 903 hybridoma was used for syothesize cDNA for
sequencing analysis. The variable region genes were amplified by RT-PCR using primers
annealing to the mouse hight (migCl) and heavy (migG2a} constant regions, and the
variable heavy chain (Vb and varabde hight chain (Vi) genes were sequenced It was
determined that the 9U% mAb comprises 8 Vi region with a nuclerc gotd sequence set forth
in SEQ D N 12 and an amino acid sequence set forth in SEQ 1D NG 13, and a Vi reglon
with a nucleic acid sequence set forth in SEQ ID NO 14 and an amino acid sequence set

fortly in SEQ 1D NI 15,

Examgpde 2. Charvacterization of the binding properties of 2CE mAb

60149 The ability of the 9C3% mAb to specifically bind to CXCR3 from varous

species was assessed by flow gytometry.  Briefly, isolated mouse and marmoset

O
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splenoevies, human peripheral blood lymphocytes and transfected and untranstected L1.2
cells wers incubated with 908 mAb, and then with a goat anti-mouse antibody conjugated

to phycoervtluin (PE). Following washing, the cells were analysed by flow cytometry.

00150] The 8C3 mAb was gble to recognize D12 cells fransfected with mouse
CXCRI (mUXCR3) or human CXCR3 (hCXCR3), but not untransfected L1.2 cells or
cells transfected wath other chemekine receptors (Lo, mOXCRY) (Figure 1A The 9C3
mAb was also able to stain both mouse and mannoset splenooytes, as well as buman
peripheral blood mononuclear cells (FBMC) denived from healthy donors (Figure 18 and

103,

Example 3, Epitope mapping of $C5 mAb

{00151} Epitope mspping studies were performed to determine the region within
CXOCR3 that is recognized by 9C5 wAb, Initially, hiotinviated peptides corresponding to
the M-terminal region and the first, second and third extraceltular loops of CXCR3 were
used moan BLISA. The results of this prelirsivary mapping study indicated that the 9CS

mAb recognized the Neterminal region of CXCR3.

001321 Four overlapping biotinvlated peptides spanmng the entire N-terminal region
of human CXCR3I were then syothesized and used 1 more defined 9C35 mAb epitope
mapping studies. Peptide 1 (MVLEVSDHOVLNDAEVAALLENFE: SEQ ID NO: 16}
correspands to amine acid positton 1-23 of the huyman CXCR3 set forth in SEQ ID NO:4;
Peptide 2 (NDAEVAALLENFESSSYDYGENE: SEQ 1D NO: 17) corresponds to amino
acid position 12-33 of the human CXCR3 set forth in SEQ ID NOu4,  Peptide 3
(FESSYDYOGENESDSUCTRPPCP, SEQ ID NG 1B) corresponds to aming acid position
23-44 of the human CXCR3 set forth im S5EQ I N4,  and Pepude 4
(ENESDSCCUTSPPCPODERLN: SEQ ID NGO 19) corresponds to amino acid pasition 31~
56 of the human CXCR3 set forth in SEQ D NO-4. Briefly, nultiwel] plates were coated
with streptavidin and washed before the biotinylated peptides were added to separate wells
and incubated to facilitate binding of the pepiides (o the plate. Different anti-mUNCR3
antibodies (4HR; clone CXCR3-173, BicLegend; and 63, clone 220803, R&D Systems,
as well as anti-hCXCR3 antibodies (106, Pharmingen: humanized 6C5, R&D Systems;

SHS6,; and humanized SH6 (both produced in this laborgtoryy were then tested tn paraliel

5
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with 9C5 mAb by adding the respective antibodies o the wells of the plate and meubating
the plate.  An isotype control and buffer only were included ss negative controls.
Following washing, appropriate conjugated aniibodies were added and the plates wers
incobated. The plates were washed again and binding of the antibodies to the immobilised

peptides was visualised.

{60153} As shown in Figure 2, the 9C3% mAb specifically recognized Peptide 3, while
the other anti-CXCR3  antibodies speafically recogmized Peptide 1. Pepiide 3
encompasses a highly conserved region between species {Figure 3), demonstrating wlhy

this antibody recognizes at least mouse, human and marmoset CXCR3.

Example 4, fn vive effect of 3C5 mAbD in mice
Depletion of CXCR3 cells

{60134} To assess the effect of 9C3 mAb /n vive m C37/BIE mice, various
concentrations {0.5; 2; 5 and 10 mg/kg) of the 9C5 mAb were injected into the mice
intravencusly.  Saline solution alone was njected inte one group of mige as a negative
comtrol.  The mige were sacrtficed after 4 days and therr spleens removed,  Splenocyies
were isolated and lyvmphocytes were stained wsing anti-CDR4, anti-CDS and anti-B220
antthodies conjugated with APC. Cells were also stained with the PE-conjugated anti-
mCXCR3 mAb from clone 4HS {BiolLegend) that recognizes a distinct epitope to 9C3.
Flow cyvtometry was then performed to visualize and quantify the number of CXCRS cells
ity the spleens of injected mice.

HEUREY As shown in the FAUS plots (Figure 4), the 9C5 mAb almost completaly
depleted CD4/CXCRYY, CDSHOXORS and B220°/CXCRI™ cells at a concentration as
low as 2 mg/keg. Table 2 sets forth the percentage of various CXCR3™ cell subsets

following the various fregtments,

§
A
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Table 2.

%o cells following treatment

Saline 0.5 mg/ml Zmg/mt | 5 mg/ml 18 ma/ml

S S5 Al 95 mAb | $CE mAbD S$C5 mAb
CPATICRKCRYT 2.1 2.82 0.22 L 0.24 0.22
CDACXCR3T 651 | 720 | 086 o870 086
CDSH/CXCR3T 331 433 017 019 011
CD8-/CXCR3" | 549 5.75 1.04 103 103
B220T/CXCRS 197 1.90 116 137 [.64
B220"/CXCRI | .09 o 055 L 0.63 0.62

Puration of depletivm af CXCR3 vells

01 55] To determing the duration of depletion of CXCR3™ cells, C57/BI6 mice were
injected intravenously with § mg/kg and the mice were sacrificed after 24 or 36 days and
thear spleens remsoved. The isolated splenooytes were stained with anti-CD4, auti-CDR,
anti-B220 and anti-mCXCR3 antibodies as described above and sorted by flow cytometry.

Ag shown in Figure 5, CXCR3' cell depletion was maintained for more than 3 weeks
Llepletion of effector cells

{1 87] CXOR3 on CD4A™ T-cells is mainty expressed by activated and effector CD47
Tecells (CT44™50DE2™) and memery CD4” T-cells {CD44™ DL, while naive
CD4+ Tecells {CDAACDE2LY™ do not express this teceptor.  To ascertain whether the
decrease in CXOR3™ cells after administration of 9C5 was due to the depletion of the
population and pot to the internalization of the receptor, the number of effoctor and
memory OD4” T-cells was monitored by flow evtometry both before, and 4 days after,

injection with 3 myg/kg 9085 mAb or S mgfkg of an isotype control mAb.

{60158} As shown in Figure 6, a significant decrease in effector CD47 T-cells
(CO™0DE"™ and memory CD47 Tecells (CDM™ODELY™ was observed,
reduced from 37.1% o the isotype control sarople to 13.3% 1w the sample obtained from

90 S-treated mice. This confirmed that the observed reduction in CXCR3™ cells shown in

5
5
tad

1



WO 2014/186842 PCT/AU2014/050048

Figures ¢ and 5 was due to the depletion of the target cells rather than the internalization of

the receptor.

Example 8, Generation of chimeric 9C5 mAb

[00159] Chimeric #C5 mAbs comprising the mouse Vy region set forth in SEQ 1D
NG 13 (woleie acid sequence set forth in SEQ I NO:12) fused to the buman g1
constant vegion set forth in SEQ D NO:36 (nucleie actd sequence set forth in SEQ 1D
N{3T), and the mouse Vi region set Torth v SEQ I3 NO: 15 {nucleic acid sequence set
forth in SEQ ID NO:14) fused to the human kappa constant region set forth in SEQ 1D
NG:38 (nucleic acid sequence set forth to SEQ ID NO39) were genergted using a human

i3/ Kappa nrammalian expression systen.

{00160} Fe variants of the chimeric 9C% antibody were genersted by standard site
directed mutagenesis techoiques in order to enhance or decrease antibody-dependent cell-
mediated cvtotoxicity {ADCC)  The triple mutation SZ39D/A330L/A332ZE (known as
TAIM"Y was introduced foto the Fe regton o enhance ADCC, resulting in the clumeric 9CS-
3MFo antibody having a Cy region set forth in SEQ 1D NO2E2 (wcleic actd sequence set
forth in SEQ 1D NO:33), The triple mutation LI34F/L235E/P3318 was also introduced
into the Fe region to reduce ADCC, resplting in the chimeric 9CS-Fe-K{) antibody having

2 Cy region set torth in SEQ 1D NO:34 (nucleie actd sequence set forth in SEQ 1D NO3S5)

Example 6, Characterization of chimeric $C5-3MF¢ and 2C5-Fe-KO mAb

oo} The activities of 905 3MF¢ and 9CS-Fe-RKOQ chimeric antibodies were
analyzed as described sbove. Brefly, the antibodies were injecied intravencusly into
C57/Ble mice at 2 mefkg or 3 ma/kg After 4 days, the anamals were sacuificed and the
CD/CRORY T-cell population was manitored by flow cytometry (Figure 7). The 905~
IMFe chimeric antibody was able to deplete the Thi cell population as efficiently a5 the
parental mouse 905 1pGZe mAb. A sigoificant decrease in CDM/CXCRE™ Tocell
depletion occurred after igjection of 93 Fo-KO chimeric antibody {see alse Table 3,

below)

§
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Table 3

%o cells as a percenisge of total cells following treatment

Sadine 2mg/ml Smg/mi | 2 mg/od 5 mg/mi

9C5-Fe-KO | 2C5-F-KO © 8(5- HCE-3MFe
IMFe-

CDACXCRE™ 377 1.51 1.61 0.79 (141
CD4VCKCRI™ | 6.70 5.77 & 08 267 163
CIMTCXCRY 170 217 228 20.5 231
CD4/OXURY | 7205 711 69.5 764 749
Example 7, fa vive offect of 9C5 mAb on pancreatic islet allografts
{60162 Several studies have demonstrated that CXCR3 and CCORS, two receptors

preferentially expressed by CD4™ Thi cells, as well as their corresponding ligands, are
present in vatious murine and human allografis.  Accordingly, experiments were
performed to determine whether depletion of CXCR3” cells using the 9C5 mAb, or wauld
in a pancreatic islet allografl transplant model would result in immunosuppression and

protonged graft survival.

{80163} To induce diabetes, recipient mice (CS7BL/S, H2™ were injected with 200
mg’ke streptozotocin in 104 mM citrate butfer, pHl 4.2, and blood glucose levels (BGLs)
were detgrmined sing ACCU-CHECK Advantage Mice with a blood glucose value > 16
mmoliter were selected as travsplant recipients, Islets were prepared from the pancreats
of donor {BALB/c, H2%) mice at a ratio of three pancreata per recipient. For the transplant,
the kidney was accessed by g lefi-flapk incision and brought into the wound by gentle
blunt dissgction. A small nick was made in the kidney capsule at the inferior renal pole,
and the idets were deposited through the mick toward the superior pole of the kidoey.
BOGLs were analyzed on postoperative days (POD)Y 1, 2, and 5, and then thrse limes per
woek until rejection. Graft rejection was defined as an increase of blood glucose to 216
mrnolditer after & period of euglycemia. Wephrectomy was performed ai POD 2100 o

determine if the euglytemia was graft dependent.

60164} In a first set of experiments, the allograft recipients were Intravencusly

adminisiered Smg/kg of 9CS mAb (one dose) or saling solution 4-8 bours prior io

§
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transplantation. It was observed that the single dose of 9CS5mAb increased the mean

survival time (MST) of tslet grafts from 17 0 33 days (Figure 8A).

{80165 o a second set of experiments, 2 mg'kg 905 mAb or saline iyections were
administered weekly on day 0, 7. 14, and 21 (nulti-dose} after islet transplantation (5 nvce
per groupt. This weekly administration of 8C5 mAb increased MST to 35 days. Two out
of seven recipients showed graft survival for > 100 days without further treatment. (Figure
RB}.

[60166] In a third set of experiments, the allograft recipients were treated with
rapanyvein {1, 035, 0.1 or O mu/ke) on the day of tansplantation and every day thereafter
for 7 days, or with a combination protocol of 0.1 myky rapamyein and 2 mg'ky isotype
cantred or 9C3 maAb on day 0, 7, 14, and 21, Recipient mice given 1 ma/kp rapamycin on
the day of transplantation and every day thereafier for 7 days, permanpently accepted their
grafts (100 days survival).  Oradual reduction of this dose from 035, 8.1 to O gave
reduced MSTs of 43, 22 and 19 days, respectively (Figure 8B)  Combiming the
homeopathic 0.1 mg/ky dose of rapamycin with 8C35 mAb at weekly intervals on days 0, 7,

14 and 21, a 50 % graft survival at 60 days was achieved.

Example 8, Generation of humanized 308 mAb

o

100167} Humanized 9C5 mAbs were generated by transferring the CDRs of the 905
mAb (CDR-H1: SEGQ D NO:20;, CDR-H2: SEQ T MNO:21, CDR-H: SEQ ID NO:22:
CDR-LT SEG D NG23, CDRAL2: REQ 1D NO:24: and CDR-LE. SEQ D NO:25) onto
homan framework regions using standard molecular technigues. IMOGT/V-QUEST and
PMGT Junctions analysis tools were used to identity human germline genes 1n which
sequences from the wvariable regions of both the heavy and hight chains were closely
ahigned with those of morine antibody. Framework sequences of these selected homan
germling genes were used as acceptor sequences for the mouse 9C5 CDRs (JGHV3-23%04
and FGRV2-28*01 homan genes according to IMGT database). However, murine residues
were retgined in the critical “Vermier” zone. The humanized Vg and Vi genes, which were

also codon opiimized Yor expressed in CHO cells, were synthesized by Genescripd.

j0168] The nucleic actd sequence of the bumanized 905 Vg gene 15 set forth 1n SEQ

Hx M43 and the nucleic acid sequence of the humanized 9C3 Vi gene is set forth in SEQ

P

.
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1 NO44, The amine acid seguence of the Vg region of the humanized 205 mAD is set
forth in SEQ 1D NO:41 and the amino acid sequence of the Vi region is set forth in NEGQ

D NEk42.

100169] The binding specificity of the humanized 9C3S antibody way gssessed using
flow cytometry. Briefly, human CXCR3 transfected cells (L1.2 cells) were stained with
the homanized 9C5 antibody {0.25 pg/ml), the mouse 95 antibody {025 ug/mi) or an
isotype control {1 peg/ml). The antibody binding was revealed with Fo specific antibodies
conjugated to PE. As shown in Figure 9, the humanized 9C35 antibody recognized human

CXCR3.

160170} BALB/c H2Y istets were transplanted under the kidney capsule of
strepiozotocin-induced disbetic CSTBL/G H2Z" mice. Mice were administered with a single
dose {3 mg'kg (.v.)) of humanized 9CS 3MF¢ mAb, humanized 9C5 Fo-KO mAb or
isofvpe control antibody 4-5 h prior to transplantation.  As shown in Figure 10, humanized

S¢S 3MEc mAb {depleting antibody} increased the mean survival time of the islet grafis.

§
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CLAIME:

. An isolated antibody or antigen-binding fragment thereof that specifically
binds to an epitope within amino acid residues 23 1o 44 of the human CXCR3S set forth in
SEQ D NGOG

2. The antibody or antigen-binding fragment of claim 1, wherein the epitope is
within amino aoid residues 23 10 43 231042, 231041, 23 10 40, 231039, 23 10 38, W w
37, 23 10 36, 23 10 35 23 10 34; 23 10 33; 25 10 32; 2310 51 28 10 30; 23 10 39 24 1o 44,
1o 43 41042 241041 24040 241030 M w3 24 w3T Mo 36 24w 35 M
34: 24 ta 33; 24 10 32: 24 to 31; 24 1o 30; 24 to 29; 25 to 44; 25 to 43: 25 to 42; 25 to 41;
251040 25 t0 39 25 0 38 2510 37 250 36, 2510 35: 25 t0 34, 2510 33 250 32 25 o
31,2510 30, 26 10 44; 26 10 43; 26 10 42; 26 1o 41; 26 10 40,
264038 26035 2610 34: Z6 1033 261032 261031 2
41 27 to 40, 2710 39 27 10 38, 27 10 37, 2710 36; 27 10 35, 27 10 34, 27 10 33, 27 10 32;
28t044; 281043: 28 t042; 281t041: 28 t040; 281039 28 t0 38; 281037 Z8 t0 36; 28 to
33; 28 10 34; 28 10 33; 3B 10 32; 29 10 44; 29 0 43; 29 10 42; 28 10 41; 29 {0 40; 2810 39;
204038 29037 2910 536; 2910 35 29t 34 Z0 to 44; A0 to 43; 3010 42, 30t 41, 30t
40; 3010 39, 3010 3§; 30t 37, 30 t0 36; andior 30 10 35 of the human CXCR3 set forth in
SEQID NO4.

26 ta 39, 2610 38; 26 10 37;

2T 044, 27043, 271042, 27 1o

3. The antibody or antigen-binding fragment of claim 1 or claim 2, wherein the
epitope sonsists of aming getd residues 23 {0 35; 25 to 34, 2510 33; 251032, 25 {0 31, 23
030 261035 261034, 204w 33, 20w 32 26w 31 27w 35 27034 27 10 33 27106 32,
W10 35; 28 t0 34, 28 10 33; 29 10 35, 29 10 34 or 30 to 35 of the human CXCR3 set forth

i REQ D NG

4. An isolated antibody or antigen-binding fragment thereof that specifically

binnds to a polypeptide congisting of anino acid residues 23 to 44 of SEQ 1D NGH4.

5 The antibody or antigen-tinding fragment of claim 4, wherein the polypeptide
consists of amino acid residues 23 10 43; 23 to 42, 23 to 41; 23 0 40; 23 10 39; 23 10 38 23
t0 37,2540 30, 231035, 2310 34; 23 10 33; 2310 32: 2310 31, 23 10 30; 23 10 29, 24 to 44
043 24 w042 24 04l 24 to 4 24 t0 39, 2410 38, 24 1037, 2410 36, 24 10 35, M w
34: 2440 33; 2410 32 2410 31, 24 10 3 24 1029; 25 to 44 25 10 453 23 10 42; 25 to 41
Wiodh W[5 wiI BV wiIt BV wiIT V1w /w3 Vw3t BwiI BVwiILBw

31 25 to 30; 26 to 44: 26 to 43 26 10 42; 26 to 41; 26 1o 40, 26 to 39; 26 to 38; 26 to 37

3
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26036 26035, 261034, 261033, 260 32 26 o 31, 27 o 44; 2T043, 271042, 27 o
41; 27 o HY, 27 10 39; 27 t0 38; 27 to 3"?‘_; Q10 36, 27 10 35, 27 10 34; 27 10 33, 27 o 32

28 to 44; 2R 10 43, 28 to 42, 28 to 41 28 to 40; 28 to 3%, 28 10 38; 28 10 37, 28 10 36; 28 to
3528 1o 340 28 10 33 28 10 32; 29 ta 44, 29t 43; 29 1o 42, 20 to 41 2910 40; 20 1 39
29 t0 38, 291w 37, 20 10 36, 20 1w 35, 29 w0 34, 30 to 44 30 to 43, 30 o 42, 30w i, 30t
4 3010 39, 3040 38 301w 37 30w 36; and/or 30 10 35 of the hurman CXCR3 set forth in
SEQ D KOA4

& The antthody or antigen-binding fragment of claim 4 or claim 5, whetein the
polypeptide consists of amino acid residues 25 to 35; 25 to 34; 2510 33; 2510 32; 25 t0 31
255030, 261038, 26t 34, 261033, 2610 32, 26t 31 27w 35, 27 w0 34, 2T 10 33, 2T o
3F 28 1o 35; 28 to 34; 28 to 33; 29 to 35: 2% to 34 or 30 10 35 of the human CXOR3 et
forth in SEQ IDNO4

e

7. The antibody or antigen-binding fragment of any one of clamms 1 io 6,

comprising:

a CDR-H1 comprising the amino acid sequence set forth in SEQ ID NO20 ora
sequence of amioo acids hgving at least or at least about 80%, 83%, 90%, 91%, 92%, 939

4%, 93%%, 96%, 97%, 98%, 99% or miore sequence identity to SELY 1D N2,

a CDR-HZ comprising the amine acid sequence sei forth in SEQ [ NO21 or a
seguence of amino acids having at least or at least about 80%, 85%, 90%, 91%, 92%, 93%;,

4%, 93%, 98%, 97%, D8%, 99% or more sequence identity to SEQ ID NO:21,

a CDR-H3 comprising the amino acid sequence set forth in SEQ ID NO:22 or s
sequetice of amino acids having at feast or at feast about 80%, 85%, 90%, 91%, 92%, 93%,

G4%s, B3%, 96%¢, V7%, 98%, 99% ar more sequence identity o SEQ 1D NO:22:

a CDR-LI: comprising the amino actd sequence set forth in SEQ 1D NOZ3 o a
sequence of amino acids having at least or at least about 80%, 85%%, 90%, 91%, 92%, R3%,
4%, 9504, D6%, 97%, W8%, 99% or more sequence identity to SE D NO23,

a CDR-L2 comprising the amino goid sequence set forth in 3EQ ID NO:24 or 2
sequence of aming gcids having at least or at least about B0%;, 85%, 90%5, 91%4, 93%, 9375,

A4y, 98%, 90%, B7%, 98%, ¥9%% or more sequence tdentity to SEQ ID N(:24; and

§
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a CDR-L3 comprising the amino acid sequence sel forth tn SEQ 1D NG25 or a
sequence of amino scids having at least or at feast about 80%, 85%, 90%, 91%, ¥2%, 939%,

9484, 98%, 96%%, 7%, 98%, 99% or more sequence identity 1o SEQ 1D NO:25,

8. The antibady or antiven-binding fragment of any one of claims 1 to 7,

3

5
e

COMpPIisin
a CDR-HT with a sequence of amino acids set forth in SEGQ 1D NO:29,
a CDR-H2 with a sequence of aming acids set forth in SEQ 1D NG21;
a CDR-H3 with a sequence of amino acids set forth in SEQ D NO22;
a CDR-L1 with a sequence of amino acids set forth in SEQ ID NO123;
a CDR-L2Z with a sequence of amino acids set forth in SEQ D NO:24; and
a CDR-L3 with a sequence of aming acids set forth in SEQ ID NO:25.

9. The antibody or antigen-binding fragment of any one of claims | to 8,

comprising:

a vartable heavy chain comprising sequence of amino acids set forth in SEQ ID
NO13 or a sequence of aming acids having at least or about 80%, 83%, 90%, 91%, 92%,

Q3% 9494, B3%, 96%, 97%, 98%:, 99% or more sequence identity 1o SEQ WY NOA3, and

a variable light chain comprising a sequence of aming acids set forth in SEQ 1D
NO:S or g seguence of amino acids having at least or about 80%, 83%, 90%, 91%, 92%,

3%, Bdl, 35%, B0%, 97%, 98%, 09% or more sequence identity to SEQ D NO: 15

10, The amibody of antigen-binding fragment of any one of claims 1 1o §,

comprising;

a variable heavy chain comprising sequence of amino acids set forth in SEQ 1D
N4l ar a sequence of amine acids baving at least or sbout R0%, B5%,, 90%, 1%, 22%,
D3%, 94%, 98%, 96%, 87%;, 9856, V9% or more sequence identity to SEQ 1D NO:41, and

a variable fight chain comprising a seguence of amino acids set forth in SEQ ID
K42 or a sequence of aming acids baving at least or about 80%, §3%, 90%, 91%, 92%,

Q3% 9%, 98%, 96%;, 97%, 98%, 99% or more sequencs identity to SEQ ID N 42,

11, Awnisolated antibody or antigen binding fragment thereof that binds to CXCR3,

comprising,

o ) -
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a CDR-HI comprising the amine and sequence set forth 1n SEQ ID N{R20 or g
sequence of amino acids having at least or at least about 80%, 85%, 90%, 919, W%, 93%,
9484, 95%, 96%%, 7%, 98%, 99% or more sequence identity 1o SEQ 1D NO:26;

a CDR-HZ comprising the amino acid sequence st forth in SEQ ID NOZT or a
sequenee of amine acids having at least or at least about 80%, B5%, B0%, 91%, 92%, 3%,

04%, 95%%, 96%, 97%, 98%, 99% or more sequence identily to SEQ 1D NQ)zZ'J.;

a CDR-HY comprising the amino acid sequence set forth in SEQ ID NO22 or a
sequence of amino actds baving at least or at Teast about 80%, 85%, 9095, 91%4, 92%, 93%,

Q4% HRY%, 6%, 97%, 98%, D% or more sequence identity to SEQ ID NO:22;

a CDR-LT: comprising the aming ackd sequence set forth m SEQ ID NGI23 or a
sequence of amino acids having at least or at least about 80%, 83%, 90%, 91%s, 92%, 93%;,

%4, ©5%, 96%:, 97%, 98%, 99% or more sequence identity to SEQ T NOZ3,

a CDR-L2 comprising the amino actd sequence set forth in SEQ D NO24 or a
sequence of amino acids having at least or at least about S0%, 83%, 9%, §1%, 92%, ¥3%,

B4%, 95%, 9%, 97%, 98%, 9% or more sequence identity to SEQ ID NO:24; and

2

a CDR-L3 comprising the amino acid sequence set forth in SEQ ID NOZ5 or 2
sequence of aminoe acids having st least or at Teast about 808, §3%, 90%, 9194, 92%, 93%,
Q4%%, D5%, 96%%, 97%, 98%, 99%% or more sequence identity to SEQ 1D MO:2S,

12, The antibody or antgen-inding fragment of claim 11, coniprising

a CDR-H1 with a sequence of anunoe acids set forth in SEQ 1D NO20;

a CDR-H2Z with a sequence of amino acids set forth in SEQ 1D NO21,

a CDR-H3 with a sequence of aming acids set forth in SEQ 1D N(G:22;

a CDR-LT with a sequence of amino acids set forth in SEQ 1D NO:23;

a CDR-LZ with a seguence of amino acids set forth in SEQ D NO24; and

a CIR-L3 with a sequence of amino acids set forth in SEQ D KQO:25.

13, The antibody or antigen-binding fragment of claim 11 orclaim 12, comprising:

a variable heavy chain comprising sequence of amino acids set forth in SEQ i
MGT3 o a sequence of aming acids having at least or about 80%, 85%, 909, 91%, 82%,

3%, 9484, 958%, 06%, 97%, 98%, 99% or maore sequence identity to SEQ ID N3, and

s
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a variable light chain comprising a sequence of amino acids set forth v SEQ 1D
NI 1S or a sequence of amino acids having at least or about 80%, 85%, W%, 91%, 92%,

3%, G, 95946, 6%, 9T%, H8%%, 99% or more sequence identity to SEQ D NOS,

14, The antibody or antigen-binding fragment of claim 11 or claim 12, comprising:

a variable heavy chaln comprising sequence of amino acids set forth mn SEQ 1D
NO:4T or a sequence of amino acids having at least or about 80%, 83%, 90%, 91%, 92%,

3%, G4, 93%s, 6%, 97%, H8%, 99% or more sequence identity to SEQ T NO41, and

a vartable light chain comprising 4 sequence of amino acids set forth in SEQ 1D
NE{E42 or a sequence of amine actds baving at least or about RB0%, R3%, 90%, 91%, 22%,

3%, 9454, 95%, 96%, 7%, 98%, 99% or murte sequence tdentity to SEQ ID NO:42,

1S, The antibody or anfiges-binding fragment of any one of claims 1 to 14,

wherein the antibody is a monaoclonal antibody.

{6, The antibody or anfigen-binding fragment of any one of claims 1 to 14,

wherety the antibody or antigen-binding fragment is multivalent.

17. The antibody or antigen-binding fragment of any one of claims 1 to 18,
wheretn the antibody or antigen-binding fragment i3 a chimeric or humanized antibody or

antigen-binding fragment.

18 The antibody or antigen-binding fragment of any ong of claims | to 17,
wherein the wherein the fragment is selected from among a Fab fragment, Fab' fragment,
F(ab"), fragment, Fv fragment, disulfide-linked Fv {dsFv). Fd fragment, Fd' fragment,
single-chain Fv (scFv), single-chain Fab (scFab), domain antibody, dighody, irfabody and
tetrabody

19 The anttbody or antigen-binding fragment of any ove of claims 1 1o 18, that
exhibits antibody-dependent cellular cytotoxicity (ADUC ) activity.
2G. The antibody or antigen-hinding fragroent of any one of claims 1 o 19, that
exhibits complement dependent eytotoxicity {TDO) activity.

21, The antibody or antigen-binding fragraent of any one of claums 1 to 19, that is

hinked 10 one or wmore other mptelies,
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L

22, The antibody or antigen-binding fragment of claim 21, wherein the one or
more other moieties 15 elected from among & polymer, small molecule, peptide or

polypeptide.

23 The antibody or antigen-binding fragment of claim 21, wherein the one or

mare other moleties 1S 8 cytotoxie sgent.

24, An isolated nueleie avid molecule, encoding the antibody or antigen-binding

fragment of any one of claims | 10 23,
25 Anisolated nucleic acid maolecule, comprising:

a sequence of nucleotides set forth in SEQ 1D NO: 26 or a sequence of nuclectides
having at least or at least about 80%, 85%, 90%, 1%, 923%, 93%, 94%, 95%, 96%, 97%

8%, 90% or more sequence identity to SE 1D NO.26,

a sequence of nucleotides sef forth 1 SEQ 1D NO: 27 ot a sequence of vucleotides
having at least ov at least about 80%%, 8§83%0, 90%., 91%, 92%, 93%, Q4% V5%, 6%, 27%,

98%, 99%% or more sequence identity to SEQ 1D NO27: amd
1 i

a sequence of nucleotides set forth in SEQ 1D N(x 28 or a sequence of nuclentides
having at least or af least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
G8%, 99%; or more sequence identity to SEQ 1D N(:28,

26, The nucleic acid molecule of claim 25, comprising a sequence of nucleotides
set forth in SEQ HY NOUI2 or a sequence of nucleotides having at least or at least about
R0%%, 83%%, 0%, 91%6, 93%, 93%, 94%, W5%, 9G6%, 97%, 98%, 99%: or more sequence

identity to SEHQ ID NO:12
27, Anisolated nucleie actd molecule, comprising
a sequence of nuclectides set forth 1wy SEQ 1D NGk 29 or a sequence of nucleotides

having at least or at least about 80%, 8395, 90%, 91%%, 92%, 9394, D48, V5%, 96%, 97%,
98%, 99%% or more sequence tdentity to SEQ 1D NO:29;
a sequence of nucteotides set forth tn SEQ D NGO 30 or g sequence of nucleotides
having at least or at least about B0%, 85%, 90%, 91%, 92%, 93%, 24%., 93%, 90%, 97%,

G8Y%%, 99% ur more sequence identity to SEQ 1D NGO, and
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a sequence of nucleotides set forth v SEQ 1D NO: 31 or a sequenes of nucleotides
having at least or at least about 80%%, 85%, 90%, 91%, 92%, 3%, 94%, 95%, 96% 97%,

8%, D% or more sequence identity to SEQ 1D NGB,

28, The isclated nucleic acid molecule of claim 27, comprising a sequence of
nucleotides set forth in SEQ 1D NO: 14 or a sequence of nucleotides having at least or at
feast about 0%, RS%%, 90%, 91%, 02%, 93%, 94%, 93%:, 96%, 97%, 98%, %% or more

seguence identity to SEQ 1D NO: 14,
29, Avsolated nucleic acid wolecnle, comprising:

a sequence of nucleotides set forth in SEQ 1D NO:4S or a sequence of nucleatides
having at teast or af teast about B0%, BS%, 90%, 91%, 93%, 93%, 94%, 93%, 96%%, 97%,

Q&% H9% or more sequence identity to SEQ 1D NG4S,

a sequence of nucleotides set forth in SEQ ID NG4S or a sequence of nucleotides
having at least or at least about &%, &5%, 90%, 91%, 92%, V3%, W4%, Q5% 6%, 97%,

O8%%, 99% or more sequence identity to SEQ 1D NO:46; and

a sequence of nucleotides set farth in SEQ I NO:47 or a sequence of nudleotides
having at least or af least about 80%, $5%, 90%, 91%, 92%, 93%, 94%, 95%, 0%, 97%,

98%, 99% or maore sequence identity to SEQ 1D NO:47.

30, The nucleie acid molecule of claim 29, compnising a sequence of nucleotides
set forth i SEQ ID NOQA3 or g sequence of nucleotides having at least or at least about
B0V, 83%, 0%, 91%s, 93%, 93%, 94%, 5%, G0Ys, 97%, 98%, 99% or more sequense

identity 1o SEQ D NO:43,
3l Anisolated nucleic acid molecule, comprising:

a soquence of mucleotides set forth 1o SEQ ID NOS or a sequence of nucleotides
having at least or ab least ahout 80%,, 8384, 0%, 91%, 02%, W3%, B4%, O5%, O6%, O7%,

8%, 99%% or miore sequence Wdentity to BEQ 1D NQO48;

a sequence of nucleoiides set forth in REQ 1D MO 490r a sequence of nucleotides
having at least or at least about 80%, 85%, 90%, 91%, 92%, 93%, 949, 95%, 90%, 97%,

Q8%, 99% or more sequence identity to SEQ 1D NO:49; and

o
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a sequence of nucleotides set forth in SEQ D NOKAO or a sequence of sucleotides
having at least or at least about &%, 85%, 90%, 91%, 92%, V3%, 94%, 5%, 96%, 97%

QR%G, D% or more sequence identity to SEQ 1D NG5G,

3

32, The isolated nucleic acid molecule of claim 31, comprising a sequence of
nucleotides set forth in SEQ 1D NO-44 or a sequence of nucleotides having at least or at
least about B0%, R3%%, 90%, 9195, 02%, 93%, 94%, 93%;, 96%, 97%, 98%, 9%% or more

seguence identity to SEQ 1D NG44,
33 A vector comprising the nuclac acid molecule of any ove of ¢laims 24 o 32,

34, A cell comprising the nuclete acid molecule of any one of claims 24 10 32 or

the vecior of claim 33

35, A recombinant cell that produces the antibody or antigen-binding fragment of

any one of clatms 1 to 23

36, A composition comprising the astibody or antigen-bindiog fragment of any

one of claims 1 to 23 or the nucleic acid molecule of any one of claims 22 to 32

37, A method for depleting CXCR3™ cells in a subject, comprising administering
to the subject an effective amount of the antibody or antigen-binding fragment of any one

of elainis 1 to 23,

38 A method for inhibiting the recruitment or migration of CXCR3' cefls to an
inflammation site in a subject, comprising administering to the subject an effective amount

of the antibody or antigen-binding fragment of any one of claims 1 0 23,

39 The method of claim 30 or claim 31, wherein the cells are CXCRI/CD4™ T
cells, CXCR3/CDE™ T cells and/or CXCRIYB2207 B cells.

=

40, The method of any one of claimy 37 10 39, wherein the subject has received, is
regetving or is Lo receive a gratt or transplant.

41 A method for mhibiting graft or transplant rejection in a subject that has
recetved, 1s roooiving or 1s 1o receive g graft or fransplant, comprising administering o the
subject an effective amount of the antibody or anligen-binding fragment of aoy one of
claims tto 21

42, The method of claim 40 or claim 41, wherein the graft 15 an allografi or

xenograft, or the transplant is an allotransplant or xenotransplant.
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43 The method of any one of clatms 40 o 42, wherein the graft or transplant is
selected from among a heart, kidney, lung, liver, pancreas, pancreatic islets, brain tissue,
stomach, large intesting, small intesting, cornea, skin, fraches, bone, bone marrew, muscle

and bladder graft or transplant.

44.  The method of any one of claims 40 10 43, wherein the antibody or antigen~
binding fragruent s administered to the subject before, al the same time and/or after the

subject has received the graft o transpland.

45 The method of any ane of claims 37 to 44, wherein the antbody or astigen-

binding fragment is administered to the subject two or more times.

46, The method of aty one of claims 37 to 43, further comprising adnumistening to

the subject one or more other therapeutic agents.

47. The method of claim 46, wherein the therapeutic agent i3 a cyiokine,

chemokine or antibody.
48 The method of claim 47, wherein the cytokine is fnterlenkin 2.

49 tThe method of claim 46, whereln the therapeutic agent is  an

immunosuppressive agent.

50, The method of claim 49, wherein the immuncsuppressive agent is selected

from among a ¢

(o)

lucocorticond, oyelosporine, rapamvein, voclosponn,  sirolimus,
everolimus, tacrolimus, mycophenelate mofetil, mycophenolic acid, mizonbine, an S1P-R
agonists, & maloponitrifamide, an anti-CD3 antibody, an ant -CD25 antibedy, an anti-

D52 antibody, an anti-CD20 antibody and an anti-tumor necrosts Yactor antibody.

St. A method for measuring or detegting CXCR3 in a sample, comprising
contacting the sample with an antibady or antigen-binding fragroent of any one of ¢laims 1
t0 23 and measuring or detecting binding of the antibody or antigen-binding fragment to

the CXMLR3,

52, The method of claim S, wherein the sample comprises one or more cells

expressing CXCR3S.

53, The method of claim 51 or 32, wherein the sample comprises blood, cells or

Hasie.
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54, Use of an antibody or antigen-lnnding fragment of any ovne of claims 1 to 23,

for the preparation of a medicament for depleting CXCR3™ celis.

55, Use of an antibady or antigen-binding fragment of any one of claims 1 to 23,
for the preparation of a medicament for inhibiting the recruitment or migration of CXCR3™

cells to an mBammation site.

36, Use of an antibody or amtigen-binding fragment of any one of claims | to 23,
for the preparation of a2 medicament for inhibiting geaft rejection in 8 subject that has

recetved, 18 receiving or 15 1o recetve & grafl

57, Anisolated peptide, cousisting of amino acid residues 23 10 44; 23 10 43, 23 wo
42231041 230 40; 230 39, 23 10 38, 23w 37 2310 36; 23 t0 3% 23 40 34 2310 3%
231032231031 23030, 231029, 24 o4, 24 to43; 24 1042, 24 o4l Mo 4 24 to
39 24 10 3% 24 10 37, 2410 30, 24 t0 35, 2440 34; 24 10 33; 24 to 320 24 10 31 2410 30,
o209 251044 251043, 251042, 251041 25w 4 251039, 2510 38, 251w 37, 25 10
36,2510 35, 2510 34, 2510 33, 25 10 32, 2510 31 253 10 30 26 to 44 26 10 43, 26 10 42;
261041, 26040, 261039 260 3R Z6t0 37 261030 2610 35: 260 34 2610 33, 26 1
3220 t0 31, 27 1044 27 10 43; 27 10 42, 2710 41, 27 to 40, 27 to 3%, 27 10 38, 27 1o 37;
T30 27 w35 27 w34 27w 33: 27w 32 28 o dd; 2810 43; 28042 281041 28 1o
40; 28 10 39; 28 to 3% 28 to 37, 28 o 36; 28 to 35 28 1o 34; 28 1o 33; 28 10 32; 29 1o 44,
291043, 209 t042, 2% t0 4!, 251040, 20t 39, 29 t0 38, 2% 1037, 29 t0 36, 29 w0 35, 2% o
34, 30 to 44 30 o 43; 3010 42; 3010 4L 30t 40; 30 1o 39, 30 to 38; 3010 37; 30 10 36;
or 30 1o 35 of BEQ T N4, or 2 sequence of amino acids having at least or about 30%,

88%, Q0%%, 21%, 92%5, B3%, 9%, 95%, 96%, 97%, 28% or 99% sequence identity thereto.

S8, The peptide of claim 57, that 1s linked to a protein, peptide, synthetic polymer,

adiuvant, or small molecule.

59, A method for inducing antibodies that specificslly and/or selectively bind to

OXCORS, comprising administering to a subjsct the peptide of claim 57 or claim 58

60 A method for selecting antibodies or antigen-binding fragments thersof that
apecificatly and/or selectively bind to CXCR3, comprising contacting a sample comprising
antibodies or antigen-binding fragments with the peptide of claim 57 or claim 38, and
selecting those antibodies and antigen-binding fragments that specifically bind to the

peptide.

o {57 -
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