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BACKGROUND OF THE INVENTION
[02] Chemokines constitute a family of small cytokines that are produced in
inflammation and regulate leukocyte recruitment, activation and proliferation (Baggiolini, M.
et al., Adv. Immunol. 55: 97-179 (1994); Springer, T. A., Annu. Rev. Physiol. 57: 827-872
20  (1995); and Schall, T. J. and K. B. Bacon, Curr. Opin. Immunol, 6; 865-873 (1994)).
Chemokines are capable of selectively inducing chemotaxis of the formed elements of the
blood (other than red blood cells), including leukocytes such as neutrophils, monocytes,
macrophages, eosinophils, basophils, mast cells, and lymphocytes, including T cells and B
cells. In addition to stimulating chemotaxis, other changes can be selectively induced by
25  chemokines in responsive cells, including changes in cell shape, transient rises in the
concentration of intracellular free calcium ions (Ca?"), granule exocytosis, integrin
upregulation, formation of bioactive lipids (e.g., leukotrienes) and respiratory burst,
associated with leukocyte activation. Thus, the chemokines are early triggers of the
inflammatory response, causing inflammatory mediator release, chemotaxis and extravasation
30 to sites of infection or inflammation.
[03] Two subfamilies of chemokines, designated as CXC and CC

chemokines, are distinguished by the arrangement of the first two of four conserved cysteine



resi dues, which are either separated by one amno acid (as in CXC chenokines
SDF-1, 1L-8, [|P-10, MG PF4, ENA-78, GCP-2, CGROa, GROG GROy, NAP-2,
NAP- 4, |-TAC) or are adjacent residues (as in CC chenokines MP-1a,

M P-1(3, RANTES, MCP-1, MCP-2, MCP- 3, ]J-309). Mst CXC chenokines attract
neutrophi |l | eukocytes. For exanple, the CXC 5 chenokines interleukin 8
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proteins capable of binding GTP and mediating signal transduction from coupled receptors,

for example, by the production of intracellular mediators.
[05] Generally speaking, chemokine and chemokine receptor interactions

tend to be promiscuous in that one chemokine can bind many chemokine receptors and

25  conversely a single chemokine receptor can interact with several chemokines. There are a
few exceptions to this rule; one such exception has been the interaction between SDF-1 and
CXCR4 (Bleul et al., J Exp Med, 184(3): 1101-9 (1996); Oberlin et al., Nature, 382(6594):
833-5 (1996)). Originally identified as a pre-B cell growth-stimulating factor (Nagasawa et
al., Proc Natl Acad Sci U S 4, 91(6): 2305-9 (1994)), SDF-1 has been the only reported

30  human ligand for CXCR4. The SDF-1 gene encodes two proteins, designated SDF-1c and
SDF-1p, by alternative splicing. These two proteins are identical except for the four amino

acid residues that are present in the carboxy-terminus of SDF-1P and absent from SDF-1a..



[06] There are many aspects of chenokine receptor signaling and selectivity
for ligands that were not previously understood. For exanple, there are a
nunber of orphan receptors for which no function has been previously
determ ned. RDC1, for exanple, though ;arlier t hought to be a receptor for
vasoactive intestinal peptide (VIP), is 5 now considered to be an orphan
recept or because i e Wa-YaTolt L danhs baed. See, e.g.
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enbodi nents, the nmethod further conprises testing the selected agent for
the ability to bind to, or inhibit growh of, a cell. In sone enbodi nents,

the cell is a cancer cel BRIZOSUMMARY OF SHFENVBENTIONENt S, the nmet hod furt her
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enbodi meg g k?%o tcgﬁtds conprise contacting a sanple conprising a cell
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g the method R er comprises testing the sglecte agent f%r the a%l r‘}yto blng to, or inhibit

growth of, a cell. In some embodiments, the cell is a cancer cell.

20 [ [10] Insome embodiments, the method further comprises testing the
selected agent for the ability to alter kidney function. In some embodiments, the method
further comprises testing the selected agent for the ability to alter brain or neuronal function.
In some embodiments, the method further comprises testing the selected agent for the ability
to change cell adhesion to endothelial cells.

25 [11] Insome embodiments, the agent is less than 1,500 daltons. In some
embodiments, the agent is an antibody. In some embodiments, the agent is a polypeptide. In
some embodiments, the CCX-CKR2 polypeptide comprises the sequence displayed in SEQ
IDNO2.

[12] The present invention also provides methods for determining the

30  presence or absence of a cancer cell. In some embodiments, the methods comprise contacting
a sample comprising a cell with an agent that specifically binds with SEQ ID NO:2; and
detecting binding of the agent to a polypeptide in the sample, wherein binding of the agent to

the sample indicates the presence of a cancer cell.



[131 In sonme enbodi mnents, the agent is an anti body. In sone enbodi nents, the
agent is less than 1500 daltons. In sone enbodi nents, the agent is a

pol ypeptide. In sone enbodi nents, the pol ypeptide detected is SEQ I D NO 2.
In sonme enbodinents, the sanple is froma human. In sonme enbodi nents, the
method is used to 5 di agnose cancer in a human. In sone enbodi nents, the
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20  some embodiments, the cancer is not Kaposi's sarcoma, multicentric Castleman's disease or

AIDS-associated primary effusion lymphoma.

[16] The present invention also provides antibodies that specifically
competes with SDF-1 and I-TAC for binding to SEQ ID NO:2. In some embodiments, the
antibody is a monoclonal antibody. In some embodiments, the antibody is a humanized

25  antibody.

[171 The present invention also provides methods comprising contacting a
cell with an agent that specifically binds to SEQ ID NO:2, wherein the agent competes with -
SDF-1 and I-TAC for binding to a CCX-CKR2 polypeptide, and wherein the cell expresses a
CCX-CKR2 polypeptide comprising an extracellular domain at least 95% identical to an

30 extracellular domain of SEQ ID NO:2, thereby binding the agent to the CCX-CKR2
polypeptide on the cell.

[18] In some embodiments, the agent is less than 1,500 daltons. In some
embodiments, the agent is an mtibo&y. In some embodiments, the-agent is a polypeptide. In
some embodiments, the CCX-CKR2 polypeptide is as displayed in SEQ ID NO:2. In some



sone enbodi ments, the CCX- CKR2 pol ypeptide is as displayed in SEQ I D NO 2.
In sone 5 enbodinents, the agent is identified by a nmethod conprising
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| ynphona. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 21]° Figures |I'A- | Tustrate

bi ndi ng sutcembedimentsy te iagent i identified by asBithatl codipsiging centactingtsi pletiality of
“fingerprint, o | n |l types. Bindin onpetition ile using 30
1o Gl 10 £OCR CK RS B peptide somBHSine i etapeliylat Do 363?8@5%- 0 and (b)
MCF- 7 ( Rdenticgito defiaceldaniinaisf SE ID NOiAGT a/SDIUr & 9-TAE binditipefhgafent he

radi ol i gand probe on (c¢) MCF-7, in a binding di s}g)l acement experinment with a
conpile hehepeds angd selpgting amagen; thatcoppetes with I-TAC or SDF-1 for binding to the CCX-

CKR2 polypeptide or fragment thereof, thereby identifying an agent that binds to a cancer

cell. In some embodiments, the cancer is selected from the group consisﬁng of cervical
cancer, breast cancer, lymphoma, glioblastomas, prostate cancer, and leukemia. In some
embodiments, the cancer is not Kaposi's sarcoma, multicentric Castleman's disease or AIDS-

25  associated primary effusion lymphoma.

BRIEF DESCRIPTION OF THE DRAWINGS
[21] Figures 1A-I illustrate binding data demonstrating a distinct SDF-1
displacement binding ‘fingerprint’ on different cell types. Binding competition profile using
30 '*ISDF-1a as the radioligand probe on (a) CEM-NKr (Figures 1A-C) and (b) MCF-7
(Figures 1D-F), as well as 125 I-TAC (Figures 1G-I) used as the radioligand probe on (c)
MCF-7, in a binding displacement experiment with a comprehensive array of >90 discrete

viral, human and murine chemokines and chemokine variants as cold competitors. The



viral, human and nurine chenoki nes and chenoki ne variants as cold
conpetitors. The 6 percent inhibition of radioligand binding is shown as a
bar graph and reveals that SDF-la and |-TAC are cross-di splaced on MCF-7
but not CEM NKr cells. Wiite bars, potential high affinity (inhibition
>80% ; gray bars,,potential noderate té low affinity (inhibition between

60-79% ; bl ack. bars,. ljttle.or no.affinit | nhi.bi t4.0 9 esults are
t he medifrent 't“ﬁ’rbétéongjf(ﬁ%dtlw(}lg?fhg%slﬂhgr oarsxtl))éllré' Q%l{r)éendgfnp afs gtg@‘soqﬁgﬁari ty. [22]
pec 1 i Tand MCE7. ol cereq. patont Ll bl ah B vl gand
speci fici on CE r - an -7. Selected potentjal bigh. aff.ini i gands
i dent i faféa%y ¢nhibitign ~80%);gEaYebaEh 8eientiA grodgratedo ﬁ‘l—% ?‘E‘gmnw BeMg¥on  CEN- NKr

(open S@dé%%f,gola%ﬂﬁa&@gmgorc %f&dfﬁ%gyngﬂm%ﬁﬁkso%ﬂ AR £OMRGhdahioPthrde?51 SDF-1a

is in conpet{’tion wt etitor 10 chenokine as indicated. [23]
Fi gt e EterldinmionsFeor haS hrelominéd for nldiityy on MCF-7 cells is not due to a

classic CXCR3 bingingdnte tion. The abili 0f . 1251- TAC t o .conpete with
t he indicated cﬂg%]oglﬁ °§\3§‘S§§t8?ﬁ ﬁ%rapﬁfﬁm%%@y%ﬁ“i?é‘ﬁ% %@“E’uﬁnper rrgnl y (solid
squar eSgpeckiie s CEMVENKrand MUE-Di Belastyd potets high affindt lighndkiidentifiep &n

triangles), or excess SDF- 1 a (asterisks). 15 1241 Figure 4@1{4@% ates
that t hEighterddwerg chossh frydose rearanps epsapetifpe P CENNINKE (opeR @3S rh a cell

| t hat . t _ : L:hi . CKR? t abl
{r anst clPiG SRRt mEAOGRRSY T RINIRED L Snb BRI o MBI B AP Y
Thi s0 bitegioktheedmdiaatadonpet ed of f with cold SDF-1 a and |-TAC. By conpari son
th 1| dt || tt fect t,. Qi ti 1251 SDF- 1
bi ndi ng. s, nal - 83} odysws 3 aksusies L ERG PRtk MCR F B ok BBt . Tvo

smal | F;@gé%qg i ' Psta ' s),
conpet g!?l g%%?léléglb y t%réfgg% ’glbclc:%mlﬁg,%?onl g{iggg g‘?’%@%%ﬁ?@%"%ﬁg Cross

conpet i theprokines wes exanged igTike prasepesofdniffckenly (salid aqusees)ienedss (¢ a cold
conpetitor .of DF-,) L. ndi ng_on both MCF-7 a Kr.., ~ Chem cal

struct u@lwy%?%%d%gpg’r%‘_agﬂwrieﬁcefﬁgﬂ}:%&a? eq‘?]fé)_'pr edicted | C50
25 yal ues of SDF-hg angdmfeEeiusatied BRNLS bindiEMbhdti HedéribeR heréi@s ben t he
acconpanyi ng table. [12 ] Figure 6 illustrates the effect of treatnent of

manmar yresanigiateshin a cel lling thajiges motsndpgengustrxprpesshis ycepion EiePCX+(3(RE ul e

(27 i Gang iRt ere Y Rol ol floe M4 ¥ Hhes e BRNET 1PN 4 Bingf 2GR0 51+ 5
Conpounginig c4@be bt daict ¥t #eH S BDIOf o G- EKB2 BSRPasididhe Sl ps 0 a

vascul ar
cells (not transfected) do not give a productive '*I SDF-1a binding signal.

20 [25] Figure S illustrates competitive binding data. Two small molecules,
CCX0803 (solid circles) and CCX7923 (open circles), compete speciﬁcally with %I SDF-
1o, on discrete cell types; no cross competition is detected. SDF-1a. (asterisks) was also
included as a cold competitor of %I SDF-1a binding on both MCF-7 and CEM-NKcr.
Chemical structures of CCX0803 and CCX7923 are shown in the inset. The predicted I1Csp

25  values of SDF-1a and CXCR4 antagonist competition are provided in the accompanying
table.

[26] Figure 6 illustrates the effect of treatment of mammary carcinoma
cells, which express CCX-CKR2, with a small molecule CCX-CKR2 antagonist compared to
cells not treated with the antagonist.

30 [27] Figure 7 illustrates that CCX-CKR2 antagonist 3451 (see, Table 1,
Compound No. 49) inhibits adhesion of CCX-CKR2-expressing cells to a vascular

endothelial monolayer.



endot helial nonolayer. 7 [28] Figure 8 illustrates that antagoni sm of
CCX-CKR2 on mammary carcinoma cells reduces tunor volune. DEFINITIONS 5
(291 "Chenoki ne" or "chenokine ligand” refers to a small protein conposed
of approximately 50 to 110 am no aci ds and sharing sequence honol ogy with
ot her known chenoki nes (see, e.g., NUrﬂhy, P. M, Pharmacol Rev. 52:145-176

(2000)). Chenoki e cl Lfie ccordin | at | sitions of
the first pair of &Sis?%‘gwgssai?ﬁfstsa%es%ﬁﬁ'&agoﬁlsﬁg%?}l{wgﬁ%ﬁr%ﬁ%ﬁd sequence.
| n CXCL cebRboRk4icBlfSredides iindrsolupmi r of cysteines 10 is separated by any
single am no acid. CCL chenoki nes have adjacent cysteines. In the CX3CL
chenoki nes, the first cysteine pair is separated by 3 amno acids. CL
chermokines contain only a singleyg ' i n the honol ogous position.
Chenoki nes can trigger biol ogical unction by binding to and activating
chenbki ne recept of29] [ ‘IWHembkineh enftohemekineigamdorefens &f @small proteipol ypept i de

t hat specifical 15 .interact ith a che I ne _nol ecul.e. A chenoki ne

recept OFOIFIB°SLS§B%¥§1I?WG %ft(?ts%wmﬁ}%&n@? L SEHEHGe MO W o s nenbr ane
donai ns otfePRHBW dHRoRERPIseE, %. L, MNuphE T M5, BRIRaEd] Rev. BTN -Blor(R000)y. al  feat ures
including a highly acidic N-term nal domain; the_am no acid sequzélée
DRYLAI VidRemgkings 3¢ plgpsified scserding to therplativenositiont @ the Sk pathet qystsnenSecond

extr acelfﬁwgﬁﬁ &ﬂg‘}g@éa?% fuﬁ?&yacfdk% E& e BEEIR EnFokirfes SHO h é i)é}mi' ?ﬁv{}jsﬁﬁfeé‘cel | ul ar

| oop wit basi c arge; a cysteine resi \ n each of the
f ourlOextis separated by any singlieragmino aojhi CEL kygmakivenhkvenasljacentayysteinss. hiavke an over al |

si ze of oxi mat el 40- 370 am no.acid  resi,dues. See, e.d.,.teviewed in
VUi phy, O SieEsRieh L pRTE poyarep maish B ans eotoim; IS arbsinbset

Loet schebnthin Alfa Shalk kydtéiné & the homolbgiis g@mﬁ@; BEimokBfds 8anltriggédblologibyenpl ary
chenoki ne receptors include, e.g., CC chenokine receptors (1ncluding CCRL,
25 CCRe furgtipr by binding toambactiveiig chemplvine ermorsCCRY, and CCR10), CXC chenoki ne

receptors (includj C d CCX- CKR2
(oo 'stq 1 N B, Eshemorticisyertd o ot pimeptin ey PR Cic
cheridki risteracts ewithtacrhsmokiBz &oldele 2\ chiémpkink recefiar sdyEedlys0Gipadteid chigglpdsvi r us
GPCR (CRF74‘)f, BEOXVi rus menbrang- bouncémcg; Prot ei n-coupl ed receptars; D6, and
DARC. - 30°SFRIP} WHBFFYsB TP ate A GRemoliBe SoPpaR-aR BOBG RISk ne

r ecept OlcimrionGlriiéteral feaRSEBAERNE 2 RigHRHCIMON-t@hlihal Aba; He MEHAPRERSM C
signaling cascades, cytoskeletal rearrangenent, adhesion, chenotaxis,

i nvasi osequentedIR¥EALY ok eor yengtioataf thet seguense) found within the second
extracellular loop of many chemokine receptors; a short third intracellular loop with an

20  overall basic charge; a cysteine residue within each of the four extracellular domains.
Typically, chemokine receptors have an overall size of approximately 340-370 amino acid
residues. See, e.g., reviewed in Murphy, P.M. Chemokine Receptors,; Overview, Academic
Press 2000; and Loetscher P. and Clark-Lewis L. J. Leukocyte Biol. 69:881 (2001).
Exemplary chemokine receptors include, e.g., CC-chemokine receptors (including CCR1,

25 CCR2, CCR3, CCR4, CCRS5, CCR6, CCR7, CCR8, CCRY, and CCR10), CXC-chemokine
receptors (including CXCR1, CXCR2, CXCR3, CXCR4, CXCRS5, CXCR6 and CCX-CKR2
(e.g., SEQ ID NO:2)), CX3CR1, CXR1, CCXCKR (CCR11),the virally-encoded chemokine
receptors, US28, ECRF3, Kaposi’s Sarcoma-associated Herpesvirus GPCR (ORF74),
Poxvirus membrane-bound G Protein-coupled receptors; D6, and DARC.

30 [31] Defined responses which may be stimulated by chemokine receptors
include transmembrane signaling, activation of cytoplasmic signaling cascades, cytoskeletal
rearrangement, adhesion, chemotaxis, invasion, metastasis, cytokine production, gene
inducﬁon, gene repression, induction of protein expression, or modulation of cellular growth

and differentiation, including the development of cancer.



I nduction, gene repression, induction of protein expression, or nodul ation
of cellular gromh and differentiation, including the devel opnent of
cancer. 8 [32] "RDCL," designated herein as "CCX-CKR2" refers to a seven
transnmenbrane domai n presuned G protein coupled receptor (GPCR). The

CCX- CKR2 dog ortholog was originally i¥entified in 1991. See, Libert et al.

Sci ence 244:569- Sé%% :L%g%l’., fg%@a%%ﬁ%ﬁgﬁaw_bMQ&QS%g sbyipLi bert et al.,

Nuc. Acids Res. 1 ( nouse sequence IS described in,
e. 9., HeRs§henBraiddonldiiiprROgesGipecteid codled Bodptdr(GPER). The CCRuEER2sleguence i s

i i y N ] A N 5 k] " | 4 b
600 ( 1 ouhelox e Srcinrls HRERIG 1 J0XE e dibarietl obianty a6 a i *o; 10%°
vasoact iiﬁ%ld]'bgéegﬁéﬂ | 3 desBRRd iﬂ%ibéﬁgt:?z(l‘.,%B%Zci&ﬁﬁ%#?%):?%@?%.s Thhat are

substanti a mlar to or conservatively nodified variants of SEQ ID

NO 15 SER@usesdy@ere isStegritivdNG «3g., 185eeen dbakidminunggapeticy 403MB ), (1%18) The
NG 6,'S ID NO. 7, .S l. r 8 EQ.| D 1 O, | , Th
terns " SRARERASH? Egcﬁﬁ%ﬂg’rﬁ%ég lie%hajf:agpg?l%tpggéi @yﬁgﬁﬁ%{?@ %}g e8r§1[4§g%' co(rarpound

that has990 b a)) iwhith!rvisfakenly deseribéd tie proted astrdedptoraifivasvattivetiatestiviabr i sti cs of
ant agoni sts or %%)ni st§_of a chenoki ne rec%gtor,. ;gﬁhi de anal %gs.a{e

comonl ypeplided "CHX-GER2) includss eaquencss thatare sybsiantiallysintlasds oF eRnsey el ¢ n
Proper { |, G5 ARA BN 8 SBOIBING 10 BELID NO2! SERIIBIND BEREQ ID-NOCSEIPES Of
non- pept i de conpound aré& terned "peptide m metics’ or pepti dom netics

( Faul®herX0:5)SEQID NM6USERID. NQF, SEQ (D MNB R, SEQ B2 INQiAcoriSHSQ B hg:t0.TINS p. 392

1985) ; d E : d. .Chem .30: 1229 (1987). . whi
i(ncorg)org'?ed \ﬁZPZIﬁbs&h? é@%@ggﬁgﬁﬁi ?Pé H?‘W%%? cr§}°m%?ls)§1|a§%é?ruct ural ly

simlar dhemidiEdoaRuhd al has subeintiallpepkirfesruciyl 28e fiurdend] Ghiticehiitics 6

equi val ent or, enhanced therapeutic or prophylactic effect. 20 Generally,
pept i dorAniABPRists opgenists ef @chempkipe woprter Peplideanglogs are sampmbpessd ifbe (i . e., a
pol ypept.| ' ' r ' VAl but have one
or nore ﬂgg%?#glg{ca{?ﬁiages%gg‘?%ael fsrgﬁgﬁlag‘eg}iéggh gla%?lﬁﬁggh\gsésbe{qﬂewct ed fromthe
grould caamplateipeptidef ,Thesegtypes-of @o-kptide-cainp@ind ardidfn&HpeptideGhin@itics'(ari s and

t . -, = CH2-, - CH2 The. i net i .be gai
ont i1 ol y PERpLEecS! UEyHGd; A e R do2p (akDauibes abefiRinggr FAIOE! s, or
is a chi mr(igssﬁ}%@whg Q%1 Darel YRR 86232200294 7) dPhidR bRAn@RpSHate@ RsteAt | Y

non-natural anal ogs of am no acids. The mnetic can al so incorporate any
anount drferrmcalr Eeptidgrimetiatihgt ae aswoturally similentp sherapsutienlly useful peptidess such

and or - A ¥isel &brafhedah oL oilshies dcbithuil DEWBRETIGR ofrel O SR 1 o
| - /20 t oGénellGieptiddmimetixaunelsiructarally sintilartoapdidnt polypésidei(itdlian t he scope 30
O e Ay ot § bl AP 2Ll PLARY, Bl LS5 b et V1
linkages optionally replaced by a linkage selected from the group consisting of, e.g., -
CH2NH-, -CH2S-, -CH2-CH2-, -CH=CH- (cis and trans), -COCH2-, -CH(OH)CH2-, and -

CH2SO-. The mimetic can be either entirely composed of synthetic, non-natural analogues

25  of amino acids, or, is a chimeric molecule of partly natural peptide amino acids and partly
non-natural analogs of amino acids. The mimetic can also incorporate any amount of natural
amino acid conservative substitutions as long as such substitutions also do not substantially
alter the mimetic’s structure and/or activity. A mimetic can, for example, mimic the binding
of SDF-1 or I-TAC to CCX-CKR2. For example, a mimetic composition is within the scope

30  ofthe invention if it is capable of inhibiting or increasing the activity or function of CCX-
CKR2.

[34] "Antibody" refers to a polypeptide substantially encoded by an
immunoglobulin gene or immunoglobulin genes, or fragments thereof, which specifically

bind and recognize an analyte (antigen). The recognized immunoglobulin genes include the



CKR2. [341 "Anti body" refers to a pol ypeptide substantially encoded by an

I mmunogl obul i n gene or i nmunogl obulin genes, or fragnments thereof, which

specifically bind and recogni ze an anal yte (antigen). The recogni zed

i mmunogl obul i n genes include the 9 kappa, |anbda, al pha, gamma, delta,

epsilon and nu constant region genes, as well as the nyriad inmnoglobulin

var' abl ¢ giaﬂfﬂ,dg% ganird) Gelkd) @pdifon R0E nful BRI !r%qoraéen% tab el laapa or
anbda. avy chai are classified as gamm, nu, ha, delta, or epsilon,

whl ch i mymadnmnhaﬁmgldauﬂlngamhi\mmgmcgm¢s+ Aight shaiessare plgsalﬁercbaslelthgrﬂsapwg@ and |gE,

t A I t
ompr i s Tepty < aier af pAy e B3 dsa TophiRt WhisB A B 1T o
IOOI YDeprﬁ'ﬁ‘e 168 hfnogdstalin RRbdes, IbGngM IpAELIgD dnggE, reactistely?S kD) and one

“heavy' chain (about 50-70 kD). The N-term nus of each chain defines a

vari &bl e region of35hbofn exenplaty immymeglobilindanifbody) Py HRit RRIFPTSPS @ .

Var | ap et MEadhTi 5 1] G 400 idcAod BERPerBIAEN cha calpus) (VL) and

r eﬁgect |h]fmhg oné 'Hﬂlt"/(albotub@ﬁikbza:?@mt"hezwyg chalm@boztt?elodkﬂbmﬁmt aN- tﬂmin;]lﬁs or as a

nunber o racter.i ra e i ges n.. Wi vari ous

peptldaé?éga"\{\l}E ﬁé‘de 7S @ @Qﬁlﬁfﬁe@l npcggs SI(QB gfibor% j arﬂfi 5‘:“??6&53{ he

di sul fi qg mégﬁ%nhgentre&gmtme Th@ﬁﬂrﬂﬁ'viﬂhbl%ghﬂéblﬁﬁlaﬁdjlaﬂd fariabledicay of Fab
y

WhIChItS l'ight chain joined to VH sul fide 15 bond The
F(agy’ Zchay (We) tef trdeselighbandenvly ehainsirespesityelyo break the disul fi de |inkage

th h t l-’ =( Fab'
e e resigg, AR SOA A R 5
regi on (vﬁ&lﬂ:haﬁ@!éhzédiﬁa@neﬁtsqﬂ@dméd By dilgestion thgrﬁnous'lﬁcpfldias&il Thuwefor Raven Press,

NY (1993)). While various antibody fragnents are defined in terms of the
di gest i GkaBPleapEPpindigests an antiody b el@Wéh%g‘S%l%fl? Jinkgges in G5Bt such

fragmn#odu%%@%é@ﬁ%@??%ﬁﬁﬂ itsf 2V RhedN 261116&'%”1/&%'1)5 yAldidyadet i 11 zi ng

r ecombi nant logy. T the term™” , " "as"used herein, also
i ncllddedoadt leH‘;b)"zﬂa@fméuccé undes mifsk @ddu@ens tb>brctahéhendssnlﬁd@bmkagm inghe whol e

ti bodi th th nbi t hodol
o o O s R SRereR AP VT A R e 30 B9 ot ROBRRPE the 1A SR ) 0O ©°
havi ng Qgeﬁéﬁtiaﬁ?ﬂn bawitﬂgart 8bths hire tdpddn (sée, thng@mFuﬁddnwnﬂﬂymMQﬁw&%wm an

I mmunogl obulin Trom a non- human speci es and th remai ni ng i Mmunog obul i n

st r uct urlkhirgfEditian, Reveadiiess, M&é@%owhxlmar@w atibody fragraends areslefingdiiBe of a
h b | et
uman i %?'tﬁ%df H%%J};hgltlgﬁééoag@p aﬁ{, &gé St 21 a%efnf‘}%{fﬁﬁt siéh ﬁ{:@?&%st conplete

varlabl omai ns Tus onmal Ns or e conpl®nentarity
20 may be synthesized de novo either chemically or by utilizing recombinant DNA

methodology. Thus, the term "antibody," as used herein, also includes antibody fragments
either produced by the modification of whole antibodies or those synthesized de novo using
recombinant DNA methodologies (e.g., single chain Fv).
[37] "Humanized" antibodies refer to a molecule having an antigen binding
25  site that is substantially derived from an immunoglobulin from a non-human species and the
remaining immunoglobulin structure of the molecule based upon the structure and/or
sequence of a human immunoglobulin. The antigen binding site may comprise either
complete variable domains fused onto constant domains or only the complementarity
determining regions (CDRs) grafted onto appropriate framework regions in the variable
30 domains. Antigen binding sites may be wild type or modified by one or more amino acid
substitutions, e.g., modified to resemble human immunoglobulin more closely. Some forms
of humanized antibodies preserve all CDR sequences (for example, a humanized mouse

antibody which contains all six CDRs from the mouse antibodies). Other forms of humanized



determ ning regions (CDRs) grafted onto appropriate framework regions in the
vari abl e 30 donains. Antigen binding sites may be wild type or nodified by
one or nore amno acid substitutions, e.g., nodified to resenbl e human

I mmunogl obul in nore closely. Sone for of humani zed anti bodi es preserve
all CDR sequences (for exanple, a humanized nouse antibody which contains
all six . | ' f i | 10

ant i bodi es Iﬁlaesfelw(;@ngglagrr' %?%d%gsﬁ%?ﬁg,ﬂﬂ?e&guﬂﬁ? ’eﬁ{iy?%lglfrl aféﬁ@reéaz‘g?;x) whi ch
are al t saspabt wi thporigiselpatibodyo t he original antibody. [381 The phrase

"specifically (or |l egt i vel v). bi. nt,i pody". or - gifically (or
sel ectively) i mm[r?gfe:@feipﬁas\%\ﬁ %ﬂ%‘g‘?‘g@?{a@r %Z?ngélyﬁ%ﬂgsotognﬁ%fe nmf)r pepti de,

5 ref er sspegifigallyi (oHlédleptivelfrininumordabtive with"deher fefartihig 10t srbteihér pepaidegnce of the
protein in the presence of a ?};{er ogeneous popul atign of proteins and ot her
bi ol dgi &afers fmuBinding geactionywhich isdebrminatiye 8kibs aiesenss af teprateindmihes neci f i ed
ant i bodi ' | : | : - bi | significant
arount PR 8Fs B gl SO RKoRb Bb:B|chs 300 o PgRcR, Mg Tndhe ™ 97, (' 20

ant i bodyesigmitad ismvinoassaydéaniitioss, tieespeefied asibadienbind boalyartibder pretemsindct ed f or

o not SRR Ll i ROk e RO S o Lo BB g R o >
pol ynuckest dfiesdPindePsuch B¥RiiomR Mn38qiiR MehESdddhat iPsehitedifor i@t | bodi es

specifically inmmunoreactive with that protein and not w th other proteins,
excéPt Frecifisdly Yoo pasiiculay @Fqteins Eor exagiple, prtibodies trisgd apeinsi@ pegtoip hgving a0y, 95%
or 99% _j¢dent NG | . Of | YRR f.or may be
used toaiggbg%w%hu%%? ?gc(()gg%deao S egiﬂﬁ %O%ugfelxtﬁ(ﬁersuﬁ’;oreac? ?é@g%q%hsggg%%rt i cul ar
pr ot ei nto ébsin entibydies spaoifidatly phmemoredeltil S#vith nimat prodeis aydnot Wath athier bl ot s, or

poer 1 BEASH B e BB, £ Sl SR v A AR s AR
Ant i bodiRgticaftd-SRQTBING:Y. MRty of GahiineREdy Wi RAy bEURdIt6 8dik@ns, NY (1988)

for a description of imunoassay formats and conditions that can be used to
det &b ni Aetibodies ispacifically immumnyeastive with aypartitylet prafeiny, Foax expraplef soidghasel ecti ve

reactio ' be at | east .tw the backaround. signal.or noi,se and nore
tyor cal Fp b imRindieer st el b Gmu Rl pekgSuostly PR sttty ors 1
an ageninon6clnal antitvdiey ppRificdRy MmOtdedctiv®WRE W pfoteif A9a ERrlet AR ndhd1g to a
chenoki ne receptaor. [40] As used herein, "an agent that binds to a chenokine
r ecept orlntibadies; 4 Laboramsy ManuglchpldiSpang Harhes Pubjicatiensc N¥ AR89 dotracept or with a
hi gh af fidi; i L LY . L pi 4t | Ci to induce a
phar macaloapion §foeip@lesdyohkats i nitfol et ok Bl aBlshinE il 0. 1T
conp@t einonndseactivity Wypidally, nspecifialor sdletivk reaction widlist 4t teast tofvenki ne recept or
at

background signal or noise and more typically more than 10 to 100 times background.
[39] A *ligand” refers to an agent, e.g., a polypeptide or other molecule,
capable of binding to a chemokine receptor,
[40] Asused herein, “an agent that binds to a chemokine receptor” refers to
25  an agent that binds to the chemokine receptor with a high affinity. “High affinity” refers to
an affinity sufficient to induce a pharmacologically relevant response, ¢.g., the ability to
significantly compete for binding with a natural chemokine ligand to a chemokine receptor at
pharmaceutically relevant concentrations (e.g., at concentrations lower than about 10 M)
See, e.g., Example 1 and Figure 5. Some exemplary agents with high affinity will bind to a
30  chemokine receptor with an affinity greater than 10 M, and sometimes greater than 107 M,
or 108 M. An agent that fails to compete for binding with a natural receptor ligand when the
agent is in a concentrations lower than 10™ M will be considered to “not bind” for the

purposes of the invention.



pharmaceutically rel evant concentrations (e.g., at concentrations |ower than
about 10"5 M) See, e.qg., Exanple | and Figure 5. Sone exenplary agents
with high affinity will bind to a 30 chenokine receptor with an affinity
greater than 10-6 M and soneti nmes great er than 10-7 M or 10"8 M An agent
that fails to conpete for binding with'h natural receptor l'i gand V\,hen t he

agent is in a conr‘ﬁgt r 34, é%ﬂﬁ < Q&L a&ﬁ'a&“ﬁgrirﬂué\%dﬂd@re?& sgPnsidered to "not

bi nd" for the seS of the iInvention 411 The term "nucl eic acid"
or "pol mumjrrbohucﬂlﬁihdeseémlmnudemdgxgadl potymes teteofimseither singlermrdpeldei des and

pol yners ther In either _sin oubI stranded. form

speci f i (,ng"P‘iPd ?fmt ’&lesstsﬂﬁmﬁ%alu%%@ﬂ%‘ntégg l?@? B%e a@?‘&é‘c‘é%n? algﬁrjnﬁ1 g known
anal oguegoff aﬁﬁ&ﬁfe@bfﬁ%aﬁﬁﬁdl%ﬁ&e%&hhﬁé‘éﬁmﬁr Birdég ﬂibp&ﬂhésgas mdeoperti es as
the 5 reference nucleic acid and are netabolized in manner simlar to

nat ural Inyewc@mml%gaCldland aremeipbslizadin éWTWEPW%nﬂHWIEQPW& particul ar
Vart ant Supicgnd eRNSE ol ol b phycBRFAIRAC BER sGABRETAE iU TEC P
degener ate. Codon Substl tut Lo gy be. achi eved mgmﬁi?‘mﬂbm@‘?ﬁ’es in
ngch t rRdcpmplementaphisapensRs ﬁfw‘?ri% ﬂg‘?seﬂ'ﬁn@e ] ’él’f%’ég‘%(’%?‘?a$ﬂe}q‘@§%6ns i s
substi t yjd g&lof\asﬁé Ebd&lnéﬁgsggﬁﬁ)?sl ﬁﬁgb@ﬁchléii%@w LOREHE sé(g:_%h@am whiatEemirgt al .

Nucl ei ¢ A Cht suka et a Bi ol . Chem
260: BB05pcihiod o(m&aﬁ)morausde@atemall)smdans is e@gem)ed ismineihesesmdir . Mol . Cel | .

oo, - cIRSHHE RRIESSREGT A by v et 1G5 1Pl (R gREELY i L
peptldeBzoﬁmemmemt:asas 26@831985)%@!1@ C&s@t&hﬁ@@@@'ﬂbshﬂﬁ@bﬁhlt@foﬂ &fefl to a
pol ymer of am no acid residues. The terns amno acid &Ayrrers I n

whi ch on@robes §i91-88 GIA9AY. dbr termawrlgigeacidds awdam@nclpmﬁe@h y BitBegeRacDNMneti ¢ of a
correspoa{h(ynﬁgNﬂ%%g hbg %ﬁyrrl ng amno acid, as well as to naturally
0

occurring "am no acl ners and non- naturally occurring am no acid
pol yreers. As used [Mrk]remhptmg“ﬁkﬂypepnds”iﬁmpmhqb’md “protaing’ &xe uskdchai ns of any

| ength, Jjncluding full |engt te|n g wher.ei n the am no
aci d r esifpftrbangeably herain e YS% E’ é%’f“fooaé?idorﬁﬁa‘ées e@‘@im?ﬁépﬁly% *ani no
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si m | ar mimdatisef agemespbnding paturally aesumingramine paid, as Neellups 40 nafurgly aequiming ani no
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antigens), wherein the amino acid residues are linked by covalent peptide bonds.

[43] The term “amino acid” refers to naturally occurring and synthetic
amino acids, as well as amino acid analogs and amino acid mimetics that function in a
manner similar to the naturally occurring amino acids. Naturally occurring amino acids are
25  those encoded by the genetic code, as well as those amino acids that are later modified, e.g.,
hydroxyproline, y-carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to
compounds that have the same basic chemical structure as a naturally occurring amino acid,
i.e., an o carbon that is bound to a hydrogen, a carboxyl group, an amino group, and an R
group, e.g., homoserine, norleucine, methionine sulfoxide, methionine methyl sulfonium.
30  Such analogs have modified R groups (e.g., norleucine) or modified peptide backbones, but
retain the same basic chemical structure as a naturally occurring amino acid. “Amino acid
mimetics” refers to chemical compounds that have a structure that is different from the
general chemical structure of an amino acid, but that functions in a manner similar to a

naturally occurring amino acid.



conpounds that have the sanme basic chem cal structure as a naturally
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[46] As to amino acid sequences, one of skill will recognize that individual
substitutions, deletions or additions to a nucleic acid, peptide, polypeptide, or protein
sequence which alters, adds or deletes a single amino acid or a small percentage of amino
acids in the encoded sequence is a “conservatively modified variant” where the alteration

25  results in the substitution of an amino acid with a chemically similar amino acid.
Conservative substitution tables providing functionally similar amino acids are well known in
the art. Such conservatively modified variants are in addition to and do not exclude
polymorphic variants, interspecies homologs, and alleles of the invention.

[47] The following eight groups each contain amino acids that are

30 conservative substitutions for one another:
1) Alanine (A), Glycine (G);

2) Aspartic acid (D), Glutamic acid (E);
3) Asparagine (N), Glutamine (Q);
4 Arginine (R), Lysine (K);
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75% 80% % . 90% 95% i ent it over, specified region, e.g., of the
entire ﬁ&?‘ﬁé&pﬂ d%y@ EH%‘&?%ﬁe‘}fﬁéq"ieﬂQFéﬂ?ﬁ or the extra 20 cellular
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measur ecmomsnunlglc@mds of palypeptids sequenegs, sefarLie e ormATsHelURIAeSITOPSeqUamEesor by

manual atk)atga?englmsame or have a specified percentage of amino acid residues or nucleotides that are
the same (i.e., 60% identity, optionally 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity

over a specified region, e.g., of the entire polypeptide sequences of the invention or the extra-

20  cellular domains of the polypeptides of the invention), when compared and aligned for
maximum correspondence over a comparison window, or designated region as measured
using one of the following sequence comparison algorithms or by manual alignment and
visual inspection. Such sequences are then said to be “substantially identical.” This
definition also refers to the complement of a test sequence. Optionally, the identity exists

25  over aregion that is at least about 50 nucleotides in length, or more preferably over a region
that is 100 to 500 or 1000 or more nucleotides in length.

[50] The term “similarity,” or percent “similarity,” in the context of two or

more polypeptide sequences, refer to two or more sequences or subsequences that have a
specified percentage of amino acid residues that are either the same or similar as defined in

30 the 8 conservative amino acid substitutions defined above (i.e., 60%, optionally 65%, 70%,
75%, 80%, 85%, 90%, or 95% similar over a specified region or the entire sequence of a
polynucleotide, e.g., of the entire polypeptide sequences of the invention such as CCX-CKR2
(e.g., SEQ ID NO:2) or the extra-cellular domains of the polypeptides of the invention, when

compared and aligned for maximum correspondence over a comparison window, or
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homology alignment algorithm of Needleman and Wunsch (1970) J. Mol. Biol. 48:443, by
the search for similarity method of Pearson and Lipman (1988) Proc. Nat’l. Acad. Sci. USA
85:2444, by computerized implementations of these algorithms (GAP, BESTFIT, FASTA,
and TFASTA in the Wisconsin Genetics Sofiware Package, Genetics Computer Group, 575

25  Science Dr., Madison, WI), or by manual alignment and visual inspection (see, e.g., Ausubel
et al., Current Protocols in Molecular Biology (1995 supplement)).

[S3] An example of an algorithm that is suitable for determining percent
sequence identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which
are described in Altschul et al. (1977) Nuc. Acids Res. 25:3389-3402, and Altschul et al.

30 (1990)J. Mol. Biol. 215:403 -410, respectively. Software for performing BLAST analyses is
publicly available through the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high scoring
sequence pairs (HSPs) by identifying short words of length W in the query sequence, which

either match or satisfy some positive-valued threshold score T when aligned with a word of
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USA 90:5873-5787). One measure of similarity provided by the BLAST algorithm is the

smallest sum probability (P(N)), which provides an indication of the probability by which a

match between two nucleotide or amino acid sequences would occur by chance. For
example, a nucleic acid is considered similar to a reference sequence if the smallest sum

25 probability in a comparison of the test nucleic acid to the reference nucleic acid is less than
about 0.2, more preferably less than about 0.01, and most preferably less than about 0.001.

[55] An indication that two nucleic acid sequences or polypeptides are

substantially identical is that the polypeptide encoded by the first nucleic acid is
immunologically cross reactive with the antibodies raised against the polypeptide encoded by

30 the second nucleic acid, as described below. Thus, a polypeptide is typically substantially
identical to a second polypeptide, for example, where the two peptides differ only by
conservative substitutions. Another indication that two nucleic acid sequences are
substantially identical is that the two molecules or their complements hybridize to each other

under stringent conditions, as described below. Yet another indication that two nucleic acid
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i ncl pole AgealPodcifiing aAd gynthétid [Eands) enthgddinBEsaadoniyts, thalCéhtmical molecules,
siRNAs and the like. Assays for inhibitors and activators include, e.g., applying putative

modulator compounds to a cell expressing CCX-CKR2 and then determining the functional
effects on CCX-CKR2 signaling, e.g., ERK1 and/or ERK2 phosphorylation or activation of
members of the ERK1 or ERK2 signal transduction pathway, and/or other effects as

25  described herein. Samples or assays comprising CCX-CKR2 that are treated with a potential
activator, inhibitor, or modulator are compared to control samples without the inhibitor,

- activator, or modulator to examine the extent of inhibition. Control samples (untreated with
inhibitors) are assigned a relative chemokine receptor activity value of 100%. Inhibition of
CCX-CKR2 is achieved when CCX-CKR?2 activity or expression value relative to the control

30 is less than about 95%, optionally about 90%, optionally about 80%, optionally about 50% or
about 25-0%. Activation of CCX-CKR2 is achieved when CCX-CKR2 activity or expression
value relative to the control is at least about 105%, about 110%, optionally at least about
105%, about 150%, optionally at least about 105%, about 200-500%, or at least about 105%,
about 1000-3000% or higher.



CKR2 with: proteins that bind activators or inhibitors, receptors, including
G proteins coupl ed-receptors (GPCRs), kinases, etc. Mdulators include
genetically nodified versions of naturally-occurring chenokine receptor
ligands, e.g., with altered activity, wel | as 20 naturally occurring and
synthetic |igands, antagonists, agonists, small chem cal nolecules, siRNAs
and the like. Assfsyp f IR Ahreldrs rspadinuledenrigidiNAs,dhatracd eagahle efgausmgppl yi ng

put ati ve nodul at, onpounds to a cel| ressi

det er mi MitFrEpTensS Wi ?8’4’5?551081‘1?‘88 caBWIEEQQ @%@H%QF?%@ER% sPeCI ERKl and/ or
ERK2 phgg‘rﬂ:@% é’éll@tfoPQxﬂpl@QﬁdxfﬁﬁéHaﬁ@el&f(mcﬁﬂ[ﬂgﬂfm&fceﬂé)anﬁﬁﬁhe Bbd)E.leZ si gnal
transdu€tion pat hway, and/or other effects as 25 described herein. Sanpl es
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chenoki ne receptor activity val ue of b tion of CCX-
achi evedakingrintedftimdPIAzq ape discugsede | Fé’éi %Il@nrﬂé‘f eaAPrEcs B he control

30 is l (E/leltc q&ﬂ? @Ig%g;ﬁmg%e/ %%1% }ddgaéld s¥lo§é&%§eu9%caﬁfhé%éﬁ’thﬁpm@ba§9%

opt i onal abou out 25-0% Activati'on o X- CKR2 i s achieved
when CC¥aidRA can be,\d.g.yabont 2Kipses shapter, andtancbermasdettiy\approachesdnowminthe i s at

opt 18ng Ay e S vaa e o sbop AR S spoRfiele 2ottt PsRNRE 0oy
about 1(3&[&99&90/? Qusil Seferené and ehlcandel gobtiiransriptionall stlessutiy of speeific er Ny RNAs,

that are capabl e of causing interference with gene expression and can cause

post-tr agns%rm p@llst@abxa;nplen@mal@m cePeldndyding 1@@?@5091@ aadin the bpdy, fef anpl e,

el | ke e S R UG, R N RS ey i o B T emce s 5

descri béfveatich ¢hutcChmseag to B9 Bpss 25 bpkamlbps,mlhps 208p295bpAA0)bps, B tipslor r et al .,

Nat ure 411; 494- 98 (200 and Fi t, Nature 391. .806-, 1998); and
wWo 0/ 75‘!%11“3%3’?@*‘?@’596 re@Ftweﬁ’hk ‘Hﬁs{oﬁ eNgRg ‘Pﬂﬁ‘ﬂﬁilﬂ‘%ém %{%‘ém&l scussed,
The si RfRguRARAUAVMRBR £41R TRCALBIRER:. esyaulenw;i)%e Aﬁﬁ&@ﬁ xﬁ@m&tﬁgfrme gene

products di sclosed herein typlcally have fewer than 10p base paifs and can
be, e.g., about Bm%psomcRMgrt@cémquamlomqueumMemwSmﬂpmcvdmmnsmom in

the 10 ar b ncl udi t he us o) DNA strands_or synthetic
appr oac B8 2ot Kt FeaRphee e P f nsP OB CRER LA e PR RSB er VY c s
post - t r skl With abnotiah@ Aedepior qﬂlcﬁlF@ﬁésf IAQtenﬂiﬁﬁﬂz dpacez 8bduencek Of vaioasp! e,
mamal i an cells (including human ce and in the body, for_ exanple,

mam?d i dengisanaye(ammiexsditt sepATARSEEo tagy (egionRapEcqBence ititheg to t he
| vent | Qn) ulESribsbi 400 Bere B krandiph orfholites 48iRSa- 15 DPS.

10 bps,

out, a]lowmg sense and anti-sense sequences, as well as splice junction sequences, to bind
forming double-stranded RNA. Select ribonucleases then bind to and cleave the double-
stranded RNA, thereby initiating the cascade of events leading to degradation of specific
25 mRNA gene sequences, and silencing specific genes.
[61] The term “compound” refers to a specific molecule and includes its
enantiomers, diastereomers, polymorphs and salts thereof.
[62] The term “heteroatom” refers to a bonded nitrogen, oxygen, or sulfur
atom.
30 [63] The term “substituted” refers to a group that is bonded to a parent
molecule or group. Thus, a benzene ring having a methyl substituent is a methyl-substituted
benzene. Similarly, a benzene ring having 5 hydrogen substituents would be an unsubstituted

phenyl group when bonded to a parent molecule.



15 any integer thereabout or therebetween. Tools for designing optinal

i nhibitory si RNAs include that avail able from DNAengi ne Inc. (Seattle, WA
and Anbion, Inc. (Austin, TX). [601 One RNAI technique enploys genetic
constructs 'within which sense and anti-sense sequences are placed in
regions flanking an intron sequence in 1Broper splicing orientation with
donor and acceptor spl L&l Si . Y ences of
various 20 |engt i{gﬁm;ﬁ%g&gﬁﬁﬁ%@g&éﬂt%%%g@rlaﬁg&ggffggwg%nt ary regions

of sequeRg&oitomtidhaibstitaets Thé hetBoniofpmpy iecsnbstitmgd ofithtalgrogeoraatamnst r uct
transcript, intron sequenc pliced- o al | gw
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doubl e- Initrating thé cascade of 'event’s leading to

degr aflat hyssoxyf alkmey afyllaxy, 26 svlitylg Represantptive substitutadchetdroaterns imgludpdiyi f i ¢

genes. [611 The term “co und" -refers.to. ecific | | e and i ncl udes
its enaltY Bﬁ%@?ﬁdﬁ’y&&p&;@gﬁ@}‘g}’ 1 H‘Wﬂ)‘uﬁﬂg’ gﬁ%gis%m'tngf’mﬁcg%g 7.{}?[ 62] The term
"heteroatont ref er[gsjt 0 Thehgfctkyl fefepO0R ménoy geit, satiatedhydiscartvh@oup30 [ 631
The term "substituted" refers to a group that is honded to a parent

nol ecul ewbichgraybg lingds @s bragehsdn A iniess pthagy gf suchealkylisraups &ymiall¥nt is a
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t hyl - subst.i t.ut i g . o '
subst 1 t uemn oy BeRtS o R pRpintien BT 605 il MRGAbIBMIE 2070
ol epp!l emeth§l, efh§8 h-piyLtisoptopys,ubbityl sdcaatidschutdttendbutydmspentylm-hexyi,oup wher e

a heteroatomis substituted, The heteroatom may be substituted with a group
or at om P-hepiyl, ooty n-namyl Aotecyl ARd B§UKS hydr ogen, hal ogen, al kyl, al kyl ene,

al kenyl , al kynyl, (ggy! 1Tlﬂe%r)ﬂ eNGlerey foretd Y dival et hiaskdd/yaRsoartds lgfiupar v .
het eroaryl ene, heterocyclyl, carbocycle, 5 hydroxy, alkoxy, aryloxy, and
sul f ony| whivkprayde inesrior branaliest i linless dthiawtiss definedysu¢hnalkyleie groyps tygigal

le, | |, -am.nyl . i ' b ' h _
663" Thec{ib 2Rk EH10 Y pronhd KRB afi¥lens BEDRY ingBb M o oo
whi clps mayxagld, h[éﬂ@ﬂen@,retﬁlrﬂfl?il%gl (\iyRES") Qirbinsi 1SR diYE prdiade-1 3w, al kyl groups
(0]

typi cal Ig contain from1l t carbon atons. Representative al kyl groups

i ncl ude, bugnenh¢-dbfl, Reptenpil S-diyh angbthgjike. et hyl , n-propyl, isopropyl, n-butyl,
sec-butyl, isobuty t - v , - - -octyl,

n- nonyl, n-decyl, [gﬂd ?I‘f%ltg t%eélkefig%?&%%&%g{a&gﬁ%ﬁkwséﬂgaggye?% 081 a

di val ent goap whivhethybedineardriboachedand whidh Iels anieyst bre, land epicatly 102 erg;hed.

tnl ess Ogar}l%nv-\éa?l?ondd%u)ﬂ%%hdss. Uﬁlﬂesaslo elrv%\lrs]g d&{n%él,%ﬁcﬁ Zlgelmcy?lgio%ps typically

20  contain from 2 to 10 carbon atoms. Representative alkenyl groups include, by way of

example, ethenyl, n-propenyl, isopropenyl, n-but-2-enyl, n-hex-3-enyl, and the like.

[68] The term “alkynyl” refers to a monovalent unsaturated hydrocarbon
group which may be linear or branched and which has at least one, and typically 1, 2 or 3,
carbon-carbon triple bonds. Unless otherwise defined, such alkynyl groups typically contain

25  from 2 to 10 carbon atoms. Representative alkynyl groups include, by way of example,
ethynyl, n-propynyl, n-but-2-ynyl, n-hex-3-ynyl, and the like.

[69] The term “aryl” refers to a monovalent aromatic hydrocarbon having a
single ring (i.e., phenyl) or fused rings (i.e., naphthalene). Unless otherwise defined, such
aryl groups typically contain from 6 to 10 carbon ring atoms. Representative aryl groups

30 include, by way of example, phenyl and naphthalene-1-yl, naphthalene-2-yl, and the like.

[70] The term “arylene” refers to a divalent aromatic hydrocarbon having a
single ring (i.e., phenylene) or fused rings (i.e., naphthalenediyl). Unless otherwise defined,
such arylene groups typically contain from 6 to 10 carbon ring atoms. Representative arylene



contain from1 to 10 carbon atons. Representative al kyl ene groups i ncl ude,
by way of 15 exanple, nethylene, ethane-1,2-diyl ("ethylene"),

propane-1, 2-diyl, propane-l,3-diyl, butane-1,4-diyl, pentane-1,5-diyl, and
the like. [67] The term"al kenyl" refers to a nonoval ent unsaturated
hydrocarbon group which may be linear ¥r branched and which has at |east

one, and typi.cal 1.2 or 3 on-.car e 1ho | ess ot herw se
def i ned,gfg?vn@ﬁn‘gwb%mﬂ”a&?gwgi%g%ﬁﬁ l%?g'gbr#gﬂgﬁq’ rl’%né}%ﬁylgyéﬁo car bon at ons.
Repr eseniaphindRnél jsediyll ngphtiaRpe 20T diytend thy likey of exanple, ethenyl,

n- propenyl, isoproifnyl n-but-2-enyl , n- hex-3-en¥Lh, alggl the |ike. [68] The
term "al kynyl " refléHs e termp el efsfers, iocmanyl 1 SRR group which

may be |4 : Bﬁpz as at least one, and typically 1, 2 or
3, car b%%%?%{éﬁ%@?g@%mm n e}g's ot herw se defined, such allcynyl

groups typically B2t aiThe 2&mf cgcioakyld refers tma monovaleptrsaturméed catbeeyclic i ve

| k | [ | ,. b f | e, t;h | - |
o bt 2. i BhonreecubTyingts sUible e & B after R NAera e RERR M . ¢ o &
nmonoval egfel s ups tYPRAIBEEMRAR bRV 10 02arbdh BBHS. Riep@sdntatire cydlbaRyll ) or

fused rings (r.€&., naphthal ene). Unless otherw se defined, such aryl groups
t ypi cal | grouprinelude, by sway ®f exampde, saeloprapyli %lﬁﬂwwyclmﬂtﬂs@m(&@¥ﬂem’ért§q gr oups
30 incl Udlﬁé by way of exanple, phenyl and naphthal ene-I-yl,

napht hal ahe- 2-yl, and the like. [70] The term"arylene" refers to a

di vai@nt aronatic [13dr ahendaitchelvalkglenc” refersgb e divialent {dtureted cpbecyeliene) or

fused rings (i.e., naphthal enediyl)._ Unless qtherw se.defi.ned, _.such arylene
groups t hysirecarhop sy hevinsy %“?%Orlfﬁsegé%%ﬁ?]le %?W}Fg_deﬁg‘ﬁfé@@m ative

aryl ene | gk fords, IR MAGve 1, 3- phenyl ene,
1, 4-phen%é%g{ﬁéﬁggﬁ%"?ﬁyﬁgﬁgy%@%ﬁﬁ3ﬁ’gpht o o e d the |1 ke,

[ 71] Thecycduatityleneardups inctude dryswayofzaxample) cyslopepane:d defiyl &yclobytydil -
Representativ ral kyl,. gr oups i e.benzyl . 2] The, te "cycl oal kyl ™
refers t@lylx C}f@ﬂ@{@rﬁ%f’l@ﬁ @BB?“@Q%%%%&?@P?%‘W%%@L5?’%‘8%“@(?‘33@“01 aving a
sings rE}Flﬂbﬂéfc?rlfHﬁﬁ@l,rcbﬂgﬁexypll\,ﬁecﬁﬁl,Qﬁchﬁél&kée defined, such cycloal kyl
groups typically contain from3 to 10 carbon atons. Representative

cycl oal kyl  gr oupsl7#hc| Thedernbihetgagaryi’ refers tepd aubstifyted op popstitutedc| obut yi |
cycl open L oh . i ke T, -G | ene"
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si ngl e rleag obe hétewewnr (typdcally Wtb 8 dstendatrams)Msel ectetefrom exitrogenodxygeny ot aafuky| ene

groups t YJFr)lie(s:g:1 cl)tlxgmggerziteg}lgd, L&c?lrﬂe%rga?yllg(r)ou%% rfy%?cgll? tcgrgtgih ﬁ%%?g %‘c)s ?61 ‘Eo?a In\rllg

20 atoms. Representative heteroaryl groups include, by way of example, monovalent species of

pyrrole, imidazole, thiazole, oxazole, furan, thiophene, triazole, pyrazole, isoxazole,
isothiazole, pyridine, pyrazine, pyridazine, pyrimidine, triazine, indole, benzofuran,
benzothiophene, benzimidazole, benzthiazole, quinoline, isoquinoline, quinazoline,
quinoxaline and the like, where the point of attachment is at any available carbon or nitrogen
25  ring atom.
[75] The term “heteroarylene” refers to a divalent aromatic group having a
single ring or fused rings and containing at least one heteroatom (typically 1 to 3
heteroatoms) selected from nitrogen, oxygen or sulfur in the ring. Unless otherwise defined,
such heteroarylene groups typically contain from 5 to 10 total ring atoms. Representative
30 heteroarylene groups include, by way of example, divalent species of pyrrole, imidazole,
thiazole, oxazole, furan thiophene, triazole, pyrazole, isoxazole, isothiazole, pyridine,
pyrazine, pyridazine, pyrimidine, triazine, indole, benzofuran, benzothiophene,
benzimidazole, benzthiazole, quinoline, isoquinoline, quinazoline, quinoxaline and the like,

where the point of attachment is at any available carbon or nitrogen ring atom.



cycl oal kyl ene groups include, by way of exanple, cyclopropane-1, 2-diyl,

cycl obutyl-1,2- diyl, cyclobutyl-1,3-diyl, cyclopentyl-1,2-diyl,

cycl opentyl -1, 3-diyl, cyclohexyl-1,2-diyl, 15 cycl ohexyl-1, 3-diyl,

cycl ohexyl -1, 4-diyl, and the |iKke. [74% The term "heteroaryl™ refers to a
substituted or unsubstituted nonoval ed? aromatic group having a single ring
or fused rings an on ke 3] r

(typically 1 to S?Hﬁte?oa?gﬁglkﬂﬁéigﬁ ?P%%Pﬁ# %%é% ?ggﬁggﬁﬂﬁ%gﬁgtlfur
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10 total ., rin 0 .atons res ntative .heteroar ncl way of
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pyrazine, pyridazine, pyrimdine, triazine, indole, benzofuran,
benzét hllmwmmyehc frovps typidallysiontaiher 21 az@mmmsallkmesen@btﬁu nol i ne,
qui nazol,i ui n tachnment is at
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from ni t3Bygesiine and thedike, whegg thg poinkof atlachmeny is’ aanavailablg g %erwgp %ed, such
heteroarr%ﬂ eRSndr oups typically contain fromb5 to 10 total ring atons.
Repr esen &Ve 30 heter oaryl ene groups include, by way of exanple, divalent
speclifes of pyr rol ¢77]i nﬂ'ﬂamhé‘parbd)dychi odfers toarearoinetic émoamromamma

triazole oxazol e thlaz razi ne, pyridazine,
pyrim di‘Hd {ZJ&&WHE‘ ?H%}Sé’afbﬁ ng@ﬁ&#ﬁ %geﬁl}zf dﬂe ME%y&%téeﬁﬂ% dazol e,

benzt hi \%:é,gllogexegylaﬂglbbﬁ@nel soqui nol i ne, qU| nazol i ne, qui noxaline and the

i ke, oint of attachnent is at any available carbon or nitrogen

ring atom 20 [76]3]Th@h?&1ﬁ%‘haﬂfé a1 Belggany refers o fineroet-&dydhiare- ((EBup” ref er

to a Su%%ﬂn&% gg) %dﬂﬁg_&gﬁtl tuted nonoval ent saturated or unsaturated
(non- ar omat’l roup having a single ring or nultiple condensed rings and
contidi ni ng in the[79]ng Tt ter@hydroxye’ dié‘hﬁtra)éyﬂ’Ofaférﬁﬁﬁn}aI)ngouj) to 3

het er oat ons) sel ected from ni, t%%ﬁ oxygen _or sulf UnI ess ot herw se
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[81] The term “aryloxy” refers to an —OR group, where R can be a

substituted or unsubstituted aryl or heteroaryl group. Representative aryloxy groups include
phenoxy. ‘
[82] The term “sulfonyl” refers to a —S(0)2— or —S(O)2R group, where R
25  can be alkyl, alkylene, alkenyl, alkynyl, aryl, cycloalkyl, cycloalkylene, heteroaryl,
heteroarylene, heterocyclic, or halogen. Representative sulfonyl groups include, by way of
example, sulfonate, sulfonamide, sulfonyl halides, and dipropylamide sulfonate.
[83] The term “condensation” refers to a reaction in which two or more
molecules are covalently joined. Likewise, condensation products are the products formed by

30 the condensation reaction.

DETAILED DESCRIPTION OF THE INVENTION

L Introduction



whi ch each atomin the ring is carbon. Representative carbocycles include
cycl ohexane, cycl ohexene, and benzene. [78] The terns "hal 0" or "hal ogen"
refers to fluoro- (-F), chloro- (-Cd), brono- (-Br), and iodo- (-1). 15

[ 791 The term "hydroxy" or "hydroxyl" refers to an -OH group. [801 The term
"al koxy" refers to an -OR group, where R can be a substituted or
unsubstituted al kyl, a

| kyl ene, .cycl.oal kyl., or cycl oal kylene, Suitable
substituents incl U84 h ,pr"(§9‘§r‘|‘6‘?/emé‘?1k1§}'9%d&sn£ﬁS{Sg%‘ﬁ‘?@f%ﬁe},l‘e QIPRARFCRINY ani do.
Repr esenRei Vigfedtell 96 HerBinQl REX-CRIR2UBinddMe Wit dKineSigaht SOF MRIIORXC. et hoxy,
| sopropyl oxy, and 20 trifl uoronet hoxy. [81] The term"aryloxy" refers to an

- OR gr oulloragiven; the Rresamt ineention pignisles tha swarigipg diseamssr 0f CEX % or heteroaryl
group. resent.ativ r LG term

Toul Fony PPop e b Re W be HEEHRR st el 8P R osk ekl By ECT )
al kyl £nedetediisg OOX-CRIRQY rTHe invehtion alsyrboidésapethodsyaflintebikiyg eaeer biet er oar yl |

het eroaryl ene, heterocyclic, Q |l.ogen, Representative sul fonyl groups

i ncl ude, 2dyinigkeying p mqdy |°é?@épg§3égé?m§m1$%ﬁ%ﬂa@}°%u| fonyl halides, and
di propyl am de sulfonate. [83] The term "condensation” refers to a reaction
in which two or nore nolecules are covalently joined. Likew se,

condensatj on p r Jpd by 30 the condensation
reacti onﬂ' DETAF@%E@%@#%@@@IM ION |. Introduction 21 [84]
The present invention provides theqﬁéscog&g% t hat ,the,orﬁh n receptor RDC,
referred to herei 83k CERUERIRYS CRbofimenty BIFSEOL Hy eRiiya ABCEIZBRIES and | - TAC.
Mor egyer BRIRD FOIRIHARR oP Pt 8311 bORoRkRRH Sloned &HisERYShbin&t

CCX- %%RZF%CB&?I%\%C?\%enent& ﬁﬂ%ancgr. Thus, the | nvention provi des net hods of
di agnosi mgthodschich lgbedishentscrd wagd,@Px-toisRiate CEE-CRR2 polyoncledtisles (srgn T2 s

sl RS e B M SR bl G
| N nuner exfressith of iy the fénekdtion BF eg s, dofivetiNds Cdkprddsich CistetRs,icisthtP encodi ng
CCX- CKR2 pol ypeptides of interest will be isolated _and cloned usin

r econbi néfmencapderiygd from RCENEREL Rakpeptide fo-21s28Q 1R NO:2, $EQIIR NN Q#eSERX- CKR2

pol | yRpycl ﬁ?Ndj@,SSEQfHﬂNOéEan SEQ ID NO:10)), to monitor CCX-CKR2 gene expression, for
the isolation or detection of CCX-CKR2 sequences in different species, for diagnostic
purposes in a patient, e.g., to detect mutations in CCX-CKR2 or to detect expression of CCX-
CKR2 nucleic acids or CCX-CKR2 polypeptides. In some embodiments, the sequences
encoding CCX-CKR2 are operably linked to a heterologous promoter. In some
20 embodiments, the nucleic acids of the invention are from any mammal, including, in
particular, e.g., a human, a mouse, arat, a dog, etc.

[86] In some cases, the CCX-CKR2 polypeptides of the invention comprise
the extracellular amino acids of the human CCX-CKR2 sequence (e.g., of SEQ ID NO:2,
SEQID NO:4, SEQ ID NO:6, SEQ ID NO:8, and SEQ ID NO:10)) while other residues are

25  either altered or absent. In other embodiments, the CCX-CKR2 polypeptides comprise
ligand-binding fragments of CCX-CKR2. For example, in some cases, the fragments bind I-
TAC and/or SDF1. The structure of seven trans-membrane receptors (of which CCX-CKR2
is one) are well known to those skilled in the art and therefore trans-membrane domains can
be readily determined. For example, readily available hydrophobicity algorithms can be

30 found on the internet at the G Protein-Coupled Receptor Data Base (GPCRDB), e.g.,
http://www.gper.org/7tm/seq/DR/RDC1_HUMAN.TABDR .html or
http://www.gpcr.org/7tm/seq/vis/swac/P25106.html.



ID NO1, SEQID NO 3, SEQIDNO 5, SEQID NGO 7, and SEQ ID NGO 9)) for protein
expression or during the generation of variants, derivatives, expression
cassettes, or other sequences derived froma CCX- CKR2 pol ypeptide (e.g.,
SEQIDNOZ SEQ IDNG: 4, SEQ 15 ID NO 6, SEQ ID NO 8, and SEQ IDNO 10)), to
noni t or CCX- CKR2 gene expressmn for 2Rhe isolation or detection of

CCX- CKR2 sequence fer eci es a

pati ont. e gt o BB ot B tion RF R BpunRlecGRR I ko U BORMIR T
CCX- CKRgeﬂwed Q?(.jdém&@téﬁéils%fzm%waﬂﬁﬂgl}melpfmﬁeﬁ thi$ invemtion mltlntedl ment s, t{]e
sequences encodin - are era in ol.o S pronoter.
I nqsome Sembrepl g %WC“WZ%WHH: gab&ﬁ‘f"&fé Mﬁ"“f’ﬁé ‘f?ﬂlgﬂ{gﬁ ﬁ“%@gg’#ﬁnpany
mamal , ]zwf;l rﬁ%ﬁtﬂgx rBssioh?! &Bg@g)@( R%rgml 1990V BRI CurderF P45 coldin Mblecila 00,

etc. [86 Sone cases, ypepti des of the invention conprise
t he eXtrMbgyLﬂAasubahétmd),edm,d994jD t he human CCX- CKR2 sequence (e.g., of SEQ

IDNO2, SEQID 4, SEQ | D NO.6, SEQ | ] d SEQ 1D NG ) while
ot her residues ar 39515 e‘iélt’q?%l?mé‘f PIPES A r&ﬁ?&%ﬁ"‘t@%‘ﬁﬁé&%‘%@&?‘#&% t he
CCX- CKR2 (Jr0{ ¢ RRD fHohe fhafiiHbith HSsued &a613R deldi dadiong tHelsagiencds Spr@tﬁdﬁ@éréﬁlﬂm For
exanpl e, in sone cases, the frg}g{;rrents bind I- TAC and/or SDFI. The structure

of seven(anﬁEQ@ﬁ{Qéhquf@(ﬁm @epmwntﬁ%&se@@wﬁ&al PGR &rgtpcals:d wel | known

to those e domai ns can be
readily eert‘r’n neéﬂs EJMEA%;I caﬁ?'g 54?‘2{5 %ﬁﬁigﬁtﬁbg@% ‘ophobicity al gorithns

can he 30 found on the Internet at the G Protein-Coupl ed Receptor Data Base
( GPCRDB) , http://ww. gpcr.org/ 7t m seq/ DR/ RDCl _HUVAN. TABDR. ht ml  or
http: IIV\MgpcpeB?’@?WYWegﬁFVféﬁl‘ﬁHEleOG htni. 22 [87] This invention

relies on routine techniques in the field of reconbinant genetics. Basic
texts disclosing t[88] geMeteanlestintiiod todtCXSKR indiuding modwlatorsrofiGe{-ude

Sanbr ook Mol ecul ar, Cl oni n A Labor al. (3rd ed 001)
Kriegl er ,ﬁgéﬁé“étﬁgpah%taé?mﬂﬁar @aﬁo o5 AE %M%ﬁaﬁ%&ﬂﬂe ?Sf . and
Current  fealimpGiutntenofMab@fmaliad diséasd] mbmemge&t&ubel et al., eds., 1994)).
[ 88] Appropriate priners and probes for entifying the genes encod| ng

CCX- ¢&R2 f rom mamt01 anDispases@icongifionseol humpnseer gthes fpecies ﬂl@ﬁ@é§eﬁﬁ‘@)w ded

ol PR pbfintasists bF bitmblind Blepftr SERGEAN L Bt Aol Rhepl fnckl 2 ' o
Diego (1 Qﬁlﬂh)de, B} atel dot liléiteé ko) e rbrcidom3g etibfhs; midsethelpramnids] melanomas,

lymphomas, leukemias, adenocarcinomas, breast cancer, ovarian cancer, cervical cancer,

glioblastoma, leukemia, lymphoma, prostate cancer, and Burkitt's lymphoma, head and neck
20  cancer, colon cancer, colorectal cancer, non-small cell lung cancer, small cell lung cancer,
cattcer of the esophagus, stomach cancer, pancreatic cancer, hepatobiliary cancer, cancer of
the gallbladder, cancer of the small intestine, rectal cancer, kidney cancer, bladder cancer,
prostate cancer, penile cancer, urethral cancer, testicular cancer, cervical cancer, vaginal
cancer, uterine cancer, ovarian cancer, thyroid cancer, parathyroid cancer, adrenal cancer,
25  pancreatic endocrine cancer, carcinoid cancer, bone cancer, skin cancer, retinoblastomas,
Hodgkin's lymphoma, non-Hodgkin's lymphoma (see, CANCER:PRINCIPLES AND PRACTICE
(DeVita, V.T. et al. eds 1997) for additional cancers); as well as brain and neuronal
dysfunction, such as Alzheimer's disease and multiple sclerosis; kidney dysfunction;
rheumatoid arthritis; cardiac allograft rejection; atherosclerosis; asthma; glomerulonephritis;
30 contact dermatitis; inflammatory bowel disease; colitis; psoriasis; reperfusion injury; as well

as other disorders and diseases described herein.



[ 89] Mol ecules that bind to CCX- CKR2, including nodul ators of CCX- CKR2
function, i.e. agonists or antagonists or agents of CCX-CKR2 activity, are
useful for treating a nunber of mammal i an di seases, including cancer. 15

[ 90] Di seases or conditions of humans or other species which can be treated
wi th antagonists of a chenokine recept@® or other inhibitors of chenokine
receptor function, 4 ncl.u

ude,. ) L Ml ' ,
gli omas, nesot hel iBHas AR ?agﬁ %@?ﬁ{g%}“ﬁnﬁ‘%ﬂ%%?,@e%%eb r?ﬁlg%i, toat%e%og%:eggéd?ﬁonas,

breast CaBC8af rendlVbrhindn nGEoeA dysfifdtioh @aivell aieases vlleredttra selb fdbiliz&tidndm a,
| ynphone, prostate cancer, and Burkitt's |ynphoma, head and neck 20 cancer,

col on cathempeutico| orect al cancer, non-small cell lung cancer, small cell |ung
cancer, cancer of the eso hagus, stomach cancer, pancreatic cancer,

hepat obi | i ar yAcandMethodsialsdentifying Modylators of Ghemoking Reeeptars t he smal |
ntespine, rectal GANCEL b ORYrARN ool AHRL0IS BAIPR! wilizB RSBy Cancer
peni l'e cancer, ur al  Cancer. testlcurar tancer, cervica cancer, vagi nal
cancer, ugents that nominiae the tevelr dfantidnardanctivh pf 6CK-CHR2 én celsgpatidwarhiid cancer ,

adrenal cancer, 2 ancreatic.endocrine cancer.. carcinoid cancer,. bone
cancer, W@%&éb? “‘%«fﬁ?q’f@bp' é’%B‘b‘Hﬁ%‘l,’erﬁsHﬁb%"EFW ?@?%’%@nﬁwﬁw&gki n's
| ymphome 38R scrediitERp IRRIN Rgbists ANeRNeT hidt thabDeMricts with CCXeCKRD (o ds

1997) for additiona cancersg; as well as brain and neuronal® dysfunction,

such as #h exteicetbrarglogiaingthereofufar enample by bindingrte SCK-CKiRdnpspvenfing adigandn;

r heugat oi, d Rpd LI s: ' |l oqr FeCt i QR . resL.S.. ast hma;
ol oty ut Srepkire s 3BR R pRGRR T ot CRAE el LT TR 3R hchne 2
colitis; efpodinefisSin agem®iddd GCI-CRB AW atdleastetout 1.852,8t hef, 1dj 2006009, and

di seases described herein. 23,  [91] Alternatjvely,  an agoni st of CCX-CKR2
can be u38Q 508 Qe timpsbg affinity of the agentferpmpotherpraiein. oy neuronal dysfunction
as well as in cases where stemcell nobilization is therapeutic. A Methods
of Identifying Mdul ators of Chenoki ne Receptors 5 [92] A nunber of

di f ferent screeninh prdihepwks eshyso i dentify agents that

dulate the |evel Livity. or fUnCLLON.OL. OO CKR2. i o coll
ggr'ltJ i uFarI ; i ﬁveﬁ%ﬁgéﬁégﬁg&n&ﬁﬁf é@%ér}%@g? W%{Plﬁ oﬁ%ﬁlﬁﬂdeﬁﬁjﬁ?@y | n gener al
terns, tBGeskiLRPMA%HRS tmad&)mﬂefe/@i_tyﬁﬁ%%fd%momcml sutihd $HFPér BPROLS tO

identify an agent that interacts wt X-CKR2 (or an extracellular domain

t her eof ) Thosgrotekillrip the artoyillispeeghisg tha therparrRembes 08 Waks forrerigrmi gand 10 (e. g.,

| - TAC and/ o ' [ - ' ' - In some
enbodi o Apapettisn MalldcSr LBl MboliBn e sl i CEK CRRA AR SRticibligs " 2
10, 20, %Gth aligtkled QOR-CIRDligamd ah@ Gientcontacted with afpbieniidlcompetitbemalzeuie. f or

anot her proteijn. . . oo
28 %lteratilon (e.g., a decrease) of the quantity of ligand bound to CCX-CKR2 indicates that the

molecule is a potential CCX-CKR2 modulator.

[94] Preliminary screens can be conducted by screening for agents capable
of binding to a CCX-CKR2, as at least some of the agents so identified are likely chemokine
receptor modulators. The binding assays usually involve contacting CCX-CKR2 with one or

25 more test agents and allowing sufficient time for the protein and test agents to form a binding
complex. Any binding complexes formed can be detected using any of a number of
established analytical techniques. Protein binding assays include, but are not limited to,
immunohistochemical binding assays, flow cytometry, radioligand binding, europium labeled
ligand binding, biotin labeled ligand binding or other assays which maintain the conformation

30 of CCX-CKR2. The chemokine receptor utilized in such assays can be naturally expressed,
cloned or synthesized. For example, by contacting CCX-CKR2 with a potential agonist and
measuring for CCX-CKR2 activity, it is possible to identify those molecules that stimulate
CCX-CKR2 activity.



1. Chenoki ne Receptor Binding Assays 15 (93] In sone enbodi nents, CCX-CKR2
nodul ators are identified by screening for nolecules that conpete with a

| i gand of CCX- CKR2 such as SDFI or |-TAC. Those of skill in the art wll
recogni ze that there are a nunber of ways to perform conpetition analyses.
In sone enbodi nents, sanples with CCX-€KR2 are pre-incubated wth a |abel ed
CCX-CKR2 ligand and then contacted with a potential conpetitor nolecule. 20
Alteration (e.g., a decrease) of the quantity of ligand bound to CCX- CKR2
indicates that the nplecule is a potential CCX-CKR2 nodul ator. [94]
Prelimnary screers cant t»d by screening for agents capable of

bi nding to a CCX-CKR2, as at |east sone of the agents so identified are

| i kel y chenpki ne [9¥cefhescreanihg methods.of Theanixintidin pan bespeafpsmedasein vifrd ¢ivol ve

contacting .CCX- CKR2 wi t.h one or 25_nore.test en an | | pwi fficient
C P et orCoHHBE AP Do ABay g B S P A erdg B 8 T LF LG
conpl£Xxeghdl@tRGompsiRE CdX-ERREd (¢Hibagedassayoéanderpertbiiieddih ang sélBlih i shed

anal ytical techniques. Protein binding assays include, but are not limted
to, i nmukiehC&XoChEieampressskli ng assays, flow cytometry, radioligand ~
bi ndi ng, europi umgabeled ..l AR 0L | : haashL bi ndi ng or
ot her assays whi ct{bﬂai rge gibﬁgétd%%&&s)mvgg)ﬁa%o})e?e%bﬁeh?%}%%%%bﬁﬁe’ chenoki ne

r ecept or COKF-CKRR th icheen foragasthinding ammdxdnlatioh of adtivity of SCXsCKR2 bydhened or

t hesi d. F , b ti CCX- i, t tenti al i st
oG rmaient. yomplrCoRl heeata Gt bs iy aphories fobempineds o BEEID  hoce
mol eggll eﬁcﬁlﬁé}teié{dﬁ a’i’ﬂn?alita%ls%gdiﬁgléuﬂ)éyy déh asheufe®hils, mobcieagent s [ 951

s s
The screeni ng s of the invention can be perforned as in vitro or

cel | - basmacraptsigys eosimpphils, basopbids ystnells, pad hotnheeytes pucesg fptells akBng menbr ane

fractions.or whol JS C Lisin - . ‘ can be

perfor rre‘beuf’r}e ?“%Seﬁ}“g“e% %ﬁm\ﬁﬁﬁggﬁs’ w&% ellgasgﬁge;(lﬁ% glg,eﬂ;)?&figséﬁ?é%g?éﬁ - based

?ssays iévng,!mgs_cmng beagﬂ tlﬁmﬁi_‘ cetle) ivaﬁﬁﬁ&ﬁn_ b@mac?mgicas,ia&wggﬂ cﬁaxzﬁmz, to screen
or agent_ binding or nmpdul ation_of activity o - y .t he ent .

Exenpl ar glicblastomasJiver eellss kidngy oglls, a%@aw_aef@é Fellsras v_(@ %Srf@{l&?ifﬂiﬁd@dﬁ Ehe

| vy | OO lole Lo préindly col MY IRGHTERIIS Shilif s birigHtdd Gl Biso@yt es such as

crophages, I

neut rophi I's, nonocyt €es, eosl nop s, basophils, nast cells,
and | ynpémoeses 66X-CKIBR casbelexpedshasl innellsBhatalelnobexpiress ke endegendBs vksision'of

I yrrphomaé &Hﬁ cells, endothelial cells, fibroblasts, cardiac cells,
nmuscle ¢ F Sy east tunor cells, ovarian cancer carcinonas, cervical

carci nonas, [97] Insome cases, fragments of CCX-CKR2, as well as protein fusions,

- canbe used for screening. When molecules that compete for binding with CCX-CKR2

20 ligands are desired, the CCX-CKR2 fragments used are fragments capable of binding the
ligands (e.g., capable of binding [-TAC or SDF1). Alternatively, any fragment of CCX-
CKR2 can be used as a target to identify molecules that bind CCX-CKR2. CCX-CKR2
fragments can include any fragment of|, e.g., at least 20, 30, 40, 50 amino acids up to a protein
containing all but one amino acid of CCX-CKR2. Typically, ligand-binding fragments will

25  comprise tranismembrane regions and/or most or all of the extracellular domains of CCX-
CKR2.

3. Signaling activity
[98] In some embodiments, signaling triggered by CCX-CKR2 activation is
30 used to identify CCX-CKR2 modulators. Signaling activity of chemokine receptors can be
determined in many ways. For example, signaling can be determined by detecting

chemokine receptor-mediated cell adhesion. Interactions between chemokines and



gl i obl astomas, liver cells, kidney cells, and neuronal cells, as well as
fungal cells, including 15 yeast. Cells can be prinmary cells or tunor cells
or other types of immortal cell lines. OF course, CCX-CKR2 can be expressed
in cells, that do not express an endog%‘nous version of CCX-CKR2. [971 In
sone cases, fragnents of CCX-CKR2, as Wwell as protein fusions, can be used
for screqpihng ARLL Gl ESrabldakh SRANEAgH B nRjdibaien ¥f infegRXFEIR2 20
Iigandsecgrlg%1 %%%gﬁ? th‘g CCX- &RZ fra.gmant.%ﬂused are fr%%gents capabl e of

bi ndi ng andavidityabeks e.ge LgudanoageteologicefiRenieny 186:3hd6 62002bF| ). Al ternati vel y,
any fragnent of S R2 n get i iqg AL i | ecul es t hat
bi nd CCX- CKR2. Cg?g(h( 1gnp cﬁagﬁ%sg%ggﬁgl&rﬁ%‘%many Pa g@%ﬁ% {lme.g., at

| east 2QquaR@ativiy, s&dnadty Aeseenpels, sugh dsayeliQAMPeiriinositonimephiatey, aslwellast one

am no aci d of X-CKR2. Typically, i ganﬁ-bli)ndi ng){fiz%msnts Wi | | 2? conpri se
t r ahstre rthospheryleipnes dephasplaryladan evgnts 510 alsg be Haniiyed: g1 4.8t BEMadhd ns of
CCX- CKRg. DAL B9 3811198 (19968l Bokos) Mo B4R BEG (1995 gnal i ng

tri gger?ﬁ' %@M%Qélcﬁgvlat?gn i)g 30 uiﬂegd to identify E:CX—%KRZ_

modul at ors. Si gnal[100) &t eximplesgfrodtieresilisiismongimting that €&X-EKR2dgetidthi ned i n

e oupt o B mediady e MARK RalReh hcrfann fer CoE R RE B ofEhE R oS and 25
CheMDki gk B8RO MR MATRpoRirs NI SUBRCRNAR bremgly bthvomadudibeat | on of

integrin affmty and avidity. See, e. 92.37 Laudanna, | nmunol o%ccal evi ews
186: By - 4BRK2 drympvidecdin) GenBgnk ArsrgsiemNo gt 361 an seapirydapye srdp FnE&Iég
qualitaty ' k 0 : clic AWMP
or inosi &%?%%%E‘gﬁ%@%@y‘%és&%%%%? 2§@b%§%ﬁ8§§?§? oné g?“%*é%%bg%ﬁ%?w ation
event s cggnahirsthe VAR pathonpdThelenn "sgml" as Bsaimuidikrespect tol the MARK pathivaly ci ne 2:

1174-1178 _(1996) and Bokoch, Bl.ood 86: 1649- 1660 (1995). [100]..The exanpl es
provi de TEERCALOFRIBT thakisng o[fﬁtgtpa%gy T 3049 %ﬁ?@ygm'{“ﬁ%&qaﬂ?%d by the
MAPK pat SRRE el . Thatorkfletiehita b bRfMbREult (€g., PPR&M)IAVWIRd on of
t he I\/APK&E?%?% ns E%Iglgﬁg}r% EEKEZJO. Aneexeggl ary nativg@gse uence 10 ERKI1 is

pr ovi¥led(eign pEahBed; ktilizaslas snadifieddin the signal dnsductignpativay dbesignalnce ERK2

Is provided in nBank Accessi,on,No. 8 S r e desi gned
o det ect Smedrmare I Ao HEmNALR ThanhRBoRicRRge NEXP pRREE RINEXRIELE (0
respect ERKDhOtHAREnfatHAYEan berdefeeted irictuda tiessppondits thhtdre fempdbid/ef t he
pat hway and/or sone activity or manifestation associlit ed with the pat hway.

The conp#iizad dewnstngam of thepbpahgrydation of ERK] o5 BB a3 welhasactigies

associated with the formation and utilization of these components. Some assays can be

20  conducted to detect components that are formed and/or utilized upstream of the
phosphorylation of ERK1 or ERK2, as well as activities associated with the production or
utilization of such upstream components. As indicated above, In the case of ERK1 or ERK2,
upstream components include, for example, Ras, a MKKK (e.g., c-Rafl, B-Raf, and A-Raf),
and a MKK (e.g., MKK1 and MKK?2). Downstream components include, for example, the

25  protein p90RSK, c-JUN, ¢-FOS, CREB and STAT. Thus, each of these components can be
detected in certain assays and/or the modification (e.g., phosphorylation) of these
components. In addition, gene expression broﬁling and protein secretion could also be
detected.

[101] Some of the screening assays that are provided involve detecting the

30  phosphorylation of ERK1 and/or ERK2. Phosphorylation of these proteins is ligand (e.g.,
SDF1, ITAC) dependent. Thus, the assays in certain screening methods are conducted in the
presence of ITAC or SDF1 to promote the phosphorylation of ERK1 and ERK2. When
assays are conducted with ITAC and SDF1, the assay can be simplified using cells that do not
express CXCR3 or CXCR4 for the reasons described above.



15 (e.g., produced, utilized or nodified) in the MAPK signal transduction
pat hway. The signal in sonme instances is detection of the phosphorylation
of a MAPK protein such as ERKI or ERK2. OQher signals that can be detected
include the conponents that are forned,and/or utilized downstream of the
phosphoryl ati on of ERKI or ERK2, as well as activities associated with the
formation and uti ljgaft Defer@iniidWhéhe: PREINR BRXK?2 56 eepptapliorglated o &0
conducted to detect conponents that are forped and/or, utilized upstream of

the phoeesfoonsd usingorrions ZaRrorchgs. EhRPptionsis flype the cells 3ftpr theybavaheshi at ed with
h ducti Ll hzah i . i ndi d
2 CHEL e NGRS Y B TRABGIOOR L i 1,

above, case L ream conponéents include, for
exanpl e, andBged By Wisikm(totchy, elavtrBplidresirig tRafysate triseparRefproteina nd a gelvik thiem. g. |

MKK1 and MKK2). Downst i f le, t tei
MK i M) CPAIE LG, SOPEnenl Sy el e o SR 2 g POl 1
det ect edgRd) C§hdhnfibABSAYS aRiEbIe frobCel Sighdling AlebiRidldgesht BeP&Os BWY y| at i on)

of these conponents. In addition, gene expression profiling and protein
secr et i ofhetotal semaing of BRK 1 e ERERaquesefitioan pptmmaly be detpranined wsing anibediesays t hat

are provjded i.pvol ye detegcti h ' f d/ or ERK2.
Phosphor %ﬁp%ﬁca@g\ﬁgﬁ&oih Bﬂ;@?@?p?]lgg'ilast%o"}ng gﬁé@%@ﬁ%&ﬁkhg@a@ Of:%%é) &g ependent .
Thus, t hBRESSBither Hetait fegardingalie apyroaphnibd deofbethan theemmmiples.e Anothertdpéion pr esence
of ITAC or SDF1 to pronote_ the phas horxl atlﬁg gf %&(ﬁ and Eﬁzng; tyl\%en

assal® athet is syited ferdughnibropehntecieppnisisiq use LIS S qpethodusng ippdies hdly ysi ng

cells th : W SPERR4 S ] sRherasifis hikgd above.
26 [102%@?@%%‘?%3%&\%@?% r ERI%?L}ESOr ERKE&%a%R%geﬁﬂghos%grho%l éat ed can be

per f or meaksaysiimbigh #roughputfopmata atesadso aPrikabledirdm Fell Signaling Technplegieedf s af t er

they havg been .incubated. with, a, CCX- | Sl . age The
resul ti nge‘f@é’g% @%Fmeighgﬁthg an g%&??ﬁ?‘@@%‘%@ﬁ%@%?%‘?@% E%’g‘n‘bbresi ng
the | ysakg)to separate proteins on a gel and then 5 probing the gel with
anti bodi es"that specifically bind to the phosphorylated form of ERKG or

v

ERK215 Such anti bod1@¥ &imiler Westersiblotiingand ELI$ A trehpiques gpuiddeaised tfletsst of
Beverly, RN i onERS I Béﬁ‘g Wiil,bz@[@?lﬁ hanal |y be
determ nteh ueg?nng%gﬁ@}%ﬁg&ﬁes %ha.onspemt?léca Iypﬁlhﬁgfgét t eBEH%sphoryl at ed
and unphplsgplsorylhiddnest BRK nandER KRS ing ardibodiB¥hat dpacifibaly rdedgnideshe egar di ng thi s
approach are set forth in the_ exanpl es. Another option 10 t .S suited for
hi g h t hr ERTEAPER'S Liat & Vil efldn fhe A, For Pl cRPBRR R e %{ﬂf%%ﬁﬁ. %R t hat
speci fi cgl !.sxes@édngmtsgfa%rnﬂﬁeaalrsmmameghasgﬁ&%p&ﬁﬁéﬁlﬁ%oaa@simﬁﬁﬂg%us K Wt

perform ng such assays in high throughput formats are al so available from

Cel | 2G5 gdetédtiog off plwisplwirylgied $RK2 or ERK2.
[104] In addition, other events downstream of CCX-CKR2 activation can

also be monitored to determine signaling activity. Downstream events include those
activities or manifestations that occur as a result of stimulation of a chemokine receptor.
Exemplary downstream events include, e.g., changed state of a cell (e.g., from normal to

25  cancer cell or from cancer cell to non-cancerous cell). Cell responses include adhesion of
cells (e.g., to endothelial cells). Established signaling cascades involved in angiogenesis
(e.g., VEGF-mediated signaling) can also be monitored for effects caused by CCX-CKR2
modulators. Chorioallantoic membrane assays (CAM) for example, can be used to assay for
effects on angiogenesis or, e.g., the Miles assay to study effects on vascular permeability.

30 [105] In another example, cell survival may be measured as a surrogate for
CCX-CKR?2 activity. As described in greater detail in the examples, expression of CCX-CR2
results in extended cell survival of CCX-CR2-expressing cells grown in low serum conditions
as compared to cells not expressing CCX-CR2 grown under the same conditions. Thus,

antagonism of CCX-CR2 is expected to reduce cell survival, whereas activation (e.g., via



Beverly, MA (see, e.g., PathScanTM Phospho-p44/42 NMAPK (T202/Y204) Sandw ch
ELISA Kit). 15 [103] Simlar Western blotting and ELI SA techni ques coul d be
used to detect the presence of proteins that are conponents of the MAPK

pat hway downstream of the phosphorylatjon of ERKL and ERK2 using anti bodies
that specifically recogni ze the conpo ents that are involved in the

at hwa For.,exa ]m?ﬁ WSH NG
Eonner%:ll%ﬁofu)?tsg\?anpa ﬁdéggﬁg%gﬁé‘%ﬂ 62%@2@1‘ ?’?z’n{a%a?&@gd@ analgg‘(?f}%iﬁglsmlég%tern 20
(cjiet ectios’effa‘e}spcchembx iétzﬁ)y(:ﬁtbieﬁRElaﬁmm ERK2. [104] In addi fji on, do% her events
ownstream o - actj vation _c itored to.de erm fe

si gnal i ng acti vi t Y1 0& é’éﬁ?tg\?éﬁagdqaﬁ’cﬁd‘goﬁtﬂ%%%ssayéﬂ\i?? {nearpoRsf

mani f est gid d @8 e Gwld&%@dﬁ%ﬁk&m of cexiaRrd. alhlg@ﬂer@ﬁ afa i VTTRK tye

receptor. enplary ovvnstream events include, e.qg., changed state of a
cel | §e. typically mwolne sutgécting a pepwatinneof celdd to cgndlflwf}rﬁl%aﬁfb'é@ celbdgath 5

non- cancer ous. cel onses. | to
endot hel ?%ﬂp OFBt ?Sél? Y‘é’gﬁﬁﬁﬂﬁ‘?ﬁp ese naéllH H#ﬁsgeg%eaczfgdg cg]ﬂﬁvo dvté 1% %pg‘g%t%genem s
(e.g., Vﬁ%lmﬂbm@eah@ﬂaédpm)s Q”&ﬂas@d}&@tﬁéﬁ comiuicted mdth thecellsf fremtextramused by

CCX- CKR2 = nodul ators.. Chari oal | ant oi ¢ nenbrane assays | for, exanpl e, can
be used thereasdagssesswhabeifestths teshagenyhasparell deatlypr ap@};@ﬂ(s%m\%mmapég ssay to
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per f 0p me gbsp e NF-kappa B activation and responses to mitogens.
[108] In view of the role that CCX-CKR2 plays in reducing apoptosis,

another approach is to assay for the opposite of apoptosis and cell death, namely to conduct
screens in which cell survival or cell proliferation is detected. Cell survival can be detected,
for instance, by monitoring the length of time that cells remain viable, the length of time that
25  acertain percentage of the original cells remain alive, or an increase in the number of cells.
These parameters can be monitored visually using established techniques.
[109] Another assay to assess apoptosis involves labeling cells with Annexin
V (conjugated to Alexa Fluor(r) 488 dye) and Propidium Iodide (PI) (Molecular Probes,
Eugene Oregon). PI, a red fluorescent nucleic acid-binding dye, is impermeant to both live
30 and apoptotic cells. PI only labels necrotic cells by tightly biding to the nucleic acids in the
cell. Annexin V takes advantage of the fact that apoptotic cells translocate
phosphatidylserine (PS) to the external surface of the cell. Annexin V is a human anti-
coagulant with high affinity for (PS). Apoptotic cells, but not live cells, express PS on their
outer surface. Annexin V (labeled with Alexa Fluor(r) 488 dye) labels these cells with green



assaying for cell survival, as well as related activities such as cell
gromh and cell proliferation. Regardless of the particular type of assay,
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that were detected, as well as specific proteins within each class: (1) growth factors (e.g.,

‘GM-CSF); (2) chemokines (e.g., RANTES, MCP-1); (3) metalloproteinase (e.g., MMP3);
and (4) inhibitor of metalloproteinase (e.g., TIMP-1). It is expected that other proteins in

these various classes can also be detected.
25 [112] These particular proteins can be detected using standard
- immunological detection methods that are known in the art. One approach that is suitable for
use in a high-throughput format, for example, are ELISAs that are conducted in multi-well
plates. An ELISA kit for detecting TIMP-1 is available from DakoCytomation (Product
Code No. EL513). Further examples of suppliers of antibodies that specifically bind the
30 proteins listed above are provided in the examples below. Proteins such as the
metalloproteinases that are enzymes can also be detected by known enzymatic assays.
[113] In other embodiments, potential modulators of CCX-CK2 are tested for
their ability to modulate cell adhesion. Tumor cell adhesion to endothelial cell monolayers

has been studied as a model of metastatic invasion (see, e.g., Blood and Zetter, Biovhem .



As described in greater detail in the exanples below, a series of ELISA

I nvestigations were 10 conducted to conpare the relative concentration of
vari ous secreted proteins in the cell ~culture nedia for cells transfected
Wi th CCX-CR2 and untransfected cells. Through these studies it was

det ermi ned that CCX- CR2 induces the prdduction of a nunber of diverse

Fmoned that . . f . of
et al | op PP e Ry AR DA SR o RE R B AR O S miiehe o ot e
scr eeni niynigthosciliate ideapbestimeated mithvigousTythiines mdgrogthetors(e.g3 t est
ot a1 | op ASFBPRFLIT 2 ketn bt PrFressBs Chok AR SHb ber LS By eERIB. | n soms
| nst ancegqn NG (i AYSladicin bomdtitit aheMoh Rssafd dsSwdlCds a§§§%'§ bR ckiieqgof ) that

have been grown er'limting serumconditions as this was found to

i ncr eas e undee flowadnditipastochintihithe @@xe oftR2 vasadlawesinpyiwt cAdditiqnally, assaxsisl es) . 20
[111] The follow n r ot.ei.ns e exanples of the yakiou | asses of proteins
t hat mr&va&%%%%ﬁ‘?“ g@%‘?e%eg OUREC rI’PVco Fot-&r X%nél“%%%eﬁbh class: (1)
growt h f agEREScll@rids. 3(3):E81-880-199€)3) chenokines (e.g., RANTES, MCP-1); (3)

netal | oprotei nase (e.g., MW3); and (4) inhibitor of netall oproteinase
(e.g., TIMP-1). It is expected that other proteins in these various cl asses

can al so be detectgd. 2§a1[d]a31§] These particular proteins can be detected
usi ng standard i mvunol detection nethods that are known in the art.

One dpproach that [144F uAgaitd thatfape initiallg identiAedbygdnytdf tieufgrggoingfscreemitg f or
exanpl e, are ELISAs. that are conducted in multi-well | ates. An ELI SA kit
For et oaiHings FEasrehd teed o SRS o APREseb YT AU S e o
EL513) . koddubRl wihaiRALS aiaPMbiddld. €T bakic AHnaPOtu6s methdlis mRsIees | cal Iy bind
the 30 proteins listed above are 1%0\“ ded in the exanples bel ow. Proteins

such as ministeringlal least coneponnd ientifredrduting aniwitinkscreandn an agimab thatiseressieed by

known en tic S. | n_other e | aen t | al dul at ors of
Cox Gz SFER paaBER iinatsabt et el T A PRR L b PR ruror cel|
adhegon nicduRtkdahdvet theldisesdel or comididyie adelidratsd. bE arBmbldhedtlagiliaedddel  of
netastatic_ invasion (see, e.qg., Blood and Zetter, Biovhem 29 . Bi ophys.

Act a, 10%¥elidagon studies gapstally arqypammalsebpaxEpd Speckisfsamples af switable anigals ¢ t he

| ynphati ¢ LiARdd : th Al ' arious cytokines and

gr owt h fg%c?iglr%,gﬁﬂ(t gf.eg@? '}'Nthdlfj’lgﬂgl%tg?\’ollm Fib_!-r%%%ha%%}%e#l s expressing CCX-CKR2 can
be evaluated for the ability to adhere to this nonolayer in both static
adhesi on assays as well as assays where cells are 5 under flow conditions to
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e.g., antibodies (including monoclonal, humanized or other types of binding proteins that are

(o

known in the art), small organic molecules, siRNAs, CCX-CKR2 polypeptides or variants
thereof, chemokines (including but not limited to SDF-1 and/or ’I-TAC), chemokine
mimetics, chemokine polypeptides, etc.

25 . [116] The agents tested as modulators of CCX-CKR2 can be any small
chemical compound, or a biological entity, such as a polypeptide, sugar, nucleic acid or lipid.
Alternatively, modulators can be genetically altered versions, or peptidomimetic versions, of
a chemokine or other ligand. Typically, test compounds will be small chemical molecules
and peptides. Essentially any chemical compound can be used as a potgntial modulator or

30 ligand in the assays of the invention, although most often compounds that can be dissolved in
aqueous or organic (especially DMSO-based) solutions are used. The assays are designed to
screen large chemical libraries by automating the assay steps and providing compounds from

any convenient source to assays, which are typically run in parallel (e.g., in microtiter formats



M crocirculation. 3(3):287-300 (1996)). 4. Validation 10 [114] Agents that
are initially identified by any of the foregoing screening nethods can be
further tested to validate the apparent activity. Preferably such studies
are conducted with suitable animal nogels. The basic format of such nethods
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20  herein, to identify those library members (particular chemical species or subclasses) that
display a desired characteristic activity. The compounds thus identified can serve as
conventional “lead compounds” or can themselves be used as potential or actual therapeutics.

[119] A combinatorial chemical library is a collection of diverse chemical
compounds generated by either chemical synthesis or biological synthesis, by combining a

25  number of chemical “building blocks.” For example, a linear combinatorial chemical library
such as a polypeptide library is formed by combining a set of chemical building blocks
(amino acids) in every possible way for a given compound length (i.e., the number of amino
acids in a polypeptide compound). Millions of chemical compounds can be synthesized
through such combinatorial mixing of chemical building blocks.

30 [120] Preparation and screening of combinatorial chemical libraries is well
known to those of skill in the art. Such combinatorial chemical libraries include, but are not
limited to, peptide libraries (see, e.g., U.S. Patent 5,010,175, Furka, Int. J. Pept. Prot. Res.
37:487-493 (1991) and Houghton et al., Nature 354:84-88 (1991)). Other chemistries for

generating chemical diversity libraries can also be used. Such chemistries include, but are
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chem str n | z1di uar, li braries can al so be used.
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hydanpoi Rainin, WeoEREIMACHINEA wamba@feiﬂsmteﬂjﬁp@mﬁos@tmufm o&lat Acad.
Sci. USA 90: 6909- 6913 5 (199 vin Iogous pol ypepti des ( Hagi ara et at, J.

Aner . Ch&edfoghMA) 1ln-adéigign, (Img@gc)u)s combinatorial libraries are themselves commercially
available (see, e.g., ComGenex, Princeton, N.J., Tripos, Inc., St. Louis, MO, 3D
Pharmaceuticals, Exton, PA, Martek Biosciences, Columbia, MD, etc.).

[122] CCX7923 (see, Figure 4) is commercially available and can be made
25 by the condensation of N-[3-(dimethylamino)propyl]-N,N-dimethyl-1,3-propanediamine with
bromomethyl-bicyclo(2,2,1)hept-2-ene by methods known in the art. CCX0803 (see, Figure
4) is commercially available and can be made by condensation of 3-(2-bromoethyl)-5-
phenylmethoxy-indole and 2,4,6-triphenylpyridine by methods well known in the art. See,
e.g., Organic Function Group Preparations, 2nd Ed. Vol. 1, (S.R. Sandler & W. Karo 1983);
30  Handbook of Heterocyclic Chemistry (A.R. Katritzky, 1985); Encyclopedia of Chemical
Technology, 4th Ed. (J.I. Kroschwitz, 1996).
[123] In one embodiment, the active compounds (i.e., CCX-CKR2

modulators) of the present invention have the general structure (I):
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met hogls Well K OWMB-InBmb&ed Ah @ﬁ@ £ Idist bt afd 6o ANy &

Preparations, 2nd Ed. Vol éeo ngSandlseorn & Kar o 1983;3, 3 Handbook of

Het er ocycl i c @ieearimare wwwwﬁq(@rpatpm,wherqgsa Encycl opedi a of Cheni cal

Technol ogy, 4 d. &é’r&l ] gﬁ,ﬁg@ t he
active corrpouénabsgg mérflbelr%%@%%&gm&aﬁﬁaﬂr?@g §SP1$£ resen mven‘E}Eon have
t he general shbigtiédnetected)ftonBihe ghtdipRbnsfdting 2 alkylg alkenyD) ;ﬂiﬁnyll Denzyiwkdfoayln i s an
integer from1l to 5 an&i each Y that substitutes the benzyl ring is
i ndependent | yand substituted heteroatom;

15 R3,RY and R’ are each independently selected from the group consisting of hydrogen, alkyl,

halo substituted alkyl, alkylene, alkenyl, alkynyl, cycloalkyl, cycloalkylene,

heterocyclic, aryl, arylene, heteroaryl, heteroarylene, hydroxy, alkoxy, and aryloxy;
and
R® is alkyl or hydrogen;
20 provided that if Z is nitrogen and R' and R? together with Z form a morpholinyl
group, then n is 3, and at least one of R?, R?, and R® is hydroxy, alkoxy, or aryloxy; or
provided that if n=1, Z is carbon and R! and R? is combination is not
-CH,CH;NCH;CH,—; or
provided that if R! together with R? is —CH(CH;)(CHa)s—, then Z is -CH~; or
25 provided that if R® is #-butyl, then R? is hydrogen; or
provided that if R* and R® together form a 5-membered ring, then at least one of the
atoms bonded to the phenyl ring is carbon. See, U.S. Provisional Patent Application No
60/434,912, filed December 20, 2002 and U.S. Provisional Patent Application No.
60/516,151, filed December 20, 2003.



selected fromthe group consisting of hydrogen, alkyl, halo substituted

al kyl, al kylene, 5 alkenyl, alkynyl, cycloal kyl, cycl oal kyl ene, hal ogen,

het erocyclic, aryl, arylene, heteroaryl, heteroaryl ene, hydroxy, alkoxy, and
aryloxy, nis0,1,20r3; Zis -CH or -N3' R1 and R2 are each i ndependently

al kyl or hydrogen, or Z in conbination"™with RL and R2 form 10 a 5- or

G- reniber ed 11 ng. CQFRIY St Ay AT meta@%ﬂatﬁ@am@muea@ﬁeﬂyynﬁgmri sing

one or nore addition at oms efe sali nbered ring rs
opt i onal kignifiecthatrttiepemcanbe yitlenbistor transdo Rfi Itha preterisd embpdimentinds 1,25 0k el ect ed

fromthe_group.consisti n of,._al kyl. nyl, and

substit uf eil1 fhgﬂ)rﬁk oﬁgxené dé< ﬁ'uétgeéi’é‘?%lj d"g‘[‘]pg‘%i en 1%{ ?el ected

fromthe group cormsjt llﬁg.n@cheﬂbhﬂfoﬁﬂﬁﬁt padfieydd, confpolntdshiabes thetgereral aI kyl ,

al kyl ene, alkegg ,. al kynyl, cycl oal kyl, cl.oal kyl ene, heterocy h aryl,
i‘? &nd

aryl ehe, sthstuee ﬂxhefe Reﬁé‘ﬁ’é@g?l dpa fufiiey F”é‘% m’ﬁP‘kBSFWTeQr?BmQPWdé R6 is
| kyl d d f Z t d R1 d RR t th
al ky Org%ag(s) ﬁ§]8| nyci%{k f'sqnétﬁ'ﬁ | IS nitrogen an an oget her

with Z f group,”then nis 3, and at |east one of R3, R4,
and R5 is hydr oxy [ladi]kdmanothér entbpldiment, pmferrqmlrammpdenﬁstliaaé thefgenerdl, Z is carbon

and Rl and R2 is conbj pati o S not 2 ovided that if R1l
t oget her Stcfuse (B where 3%—83%( : @depepq%ﬁggyg—gge@ydmw, au%@i %Vi ded that if
RS is t- c%‘%er egﬁfbl ﬁ%sﬁétebmpgﬁ&ep%ferﬁﬁﬁvkﬁﬁd 4nQa akd intépeadshtit> t oget her

forma 5- ng, then at |east one of 'the atons bonded fo the phenyl
ringlDs elokypor hySmgen.UnSinothepebediment, reafeered cmmqumdahavmﬁhwne@bsmmrmz

];3:)} ggGDigqnti?eﬁg %g%ﬁggggdzgmgdgﬁpv xy[laéﬁflﬁ%@&m ﬁgé Qgﬁﬁﬁeiﬁ ing the

ol efin teudhhe ﬁﬂm&m&m&mf(eo@mmhmgmsa fufthériegrtbotligdnt, tR?es hydir@gem;ad Ré either
cis or trans_.to . In a preferred enbodinent, nis 1, 2, or . I n anot her

pr ef er r eéndRhEd ﬂﬂf@ﬁY Iﬂn‘v‘l‘ih§r of these smbodimsnts, the #lkexspgravmioay he B\ﬁ"g’@ﬂ)’ fent, nis
2 oL 2k BAGRAT- RSPt prefer od, compounds have the general ¢
conpasinds have t he[12@kniaraabthst emtexdiment,(pigferredhengporfds Imvertitelpgheral
structure (I), where R* and R® tdgether form a heterocyclic, aryl, or heteroaryl ring. In
another preferred embodiment, R is hydrogen and R* and R’ together are -O(CH,);0—-, —
(CH)4—, or -N(CH);N—.
[128] In another embodiment, preferred compounds have the general
20  structure (I), where Z is nitrogen and Z in combination with R! and R? form a heteroaryl or
heterocyclic group. In a preferred embodiment, compounds have the general structure (1),
where Z is CH and Z in combination with R! and R? form a heteroaryl or heterocyclic group.
More preferable compounds have the general structure (I), where Z is CH and Z in
combination with R' and R? form a heterocyclic group containing nitrogen. In a further
25  embodiment, Z in combination with R! and R? form a substituted or unsubstituted
morpholinyl, pyrrolidinyl, piperidinyl, or piperazinyl group.

[129] Preferred substituents for the heteroaryl or heterocyclic group include
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, alkoxy, hydroxy, heteroatoms,
and halides. In an especially preferred embodiment, the heteroaryl or heterocyclic group is

30 substituted with benzyl, phenyl, methyl, ethyl, cyclohexyl, methoxy-methyl (-CH,OCH3), or
cyclohexyl-methyl (—CH,(CsHj,)) groups.

[130] Inone embodiment, a preferred compound has the general structure (I),
where Z in combination with R' and R? is an alkyl- or methoxy-methyl-substituted

pyrrolidinyl group; a benzyl-, phenyl-, methyl-, ethyl-, or substituted heteroatom substituted



[ 1261 I n anot her enbodi nent, preferred conpounds have the general structure
(1), where R3, R4, and R5 are independently hydrogen, hydroxy, alkyl,

al koxy, aryloxy, and halo substituted al kyl. Mre preferably, R3, R4, and
R5 are independently 10 al koxy or hydr ?en. I n anot her enbodi nent, preferred
conpounds have the general structure ? where R4 is hydrogen and R3 and

RS are a %%}1’ iLf | SEspeciall
trifluor hﬁeg%ﬁm& d011 QEI? g%&ﬁ of g{ﬁ%&ﬁiﬁg%’ﬁ&gﬁgg?@ﬁaglﬁy%uﬁl sS ﬁ?dr}egen and
R4 and Pefared sebskibngd hdteroaomrmupeincludeg&oemmmbaﬂth@nwkel;ky group may

e S e R s R T T

t oget her sﬁlﬁﬁﬂ‘ceﬂh@@icﬁt&ﬁ%ﬂt&3 dsition 0P thelpélesitimgt sihg.r i ng. I n  anot her
preferred enbodi nent is hydrogen and R4 and, R5 t gget her, are - Q[ CH2) 30-,

- (CHj4-, or-N(CH)léNi] Ipfzgpenq@p PreferedsopwmaRishave &BW?@H“ unds have
the genR%j% C%Om%{?g 51?w§ )Rl Mﬁzﬁ Zis nitrogen and Z in conbination with
an e

orm a eroary rocyclic group. In a preferred
enbodlnent conpounds have the general structure (1), wher£%is CH and Z
in conblnatlon with RL and R2 form ‘ﬁeroaryl or heteroc group. More

preferabl e compounds have the gener structur (ry, Wnere ASNCH and Z in

conblnatlon Rl?a omnég erocyQ ICN ro taining pitrogen. In
a further nEnt , in i ngtion for bstituted
or unsubstltu ed ol j nyl, pyryol} d|nyI r|d pi era2|nyl

group. [129] Preferred substlthents for the heterbaryl or heterocycllc group
include alkyl, afkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl,

al koxy, hydroxy, ¢ er oat ons, and hal i des. In an especi preferred
sereroaryl or heterocycllc gro S 3Q

enbodi nent, the htuted with
benzyl , phenyl met hyl , ethyls; ycI hox y 20CH3), or
cyclohexyl nethylj? CRR )) ne enbodl nt, a preferred
conmpound has the g 1) ere Z onbi nat yon with R1L and
R2 is an al kyl - dxy net yI’substltufed pyrro idinyl group; a
benzyl -, phenyl -, nethyl , ethyl-, or substituted heteroatom substituted 34

pi peri di nyl gr oup; [182] ane&lnrz& lcemp@indlydving the gami-zﬂ@nydtumtﬂ)&mh alucs kave Z

pi per.azi nyl group. Es ci gl | preferred substituted heterp q1 ups
incl dfle &F R genaﬁpey ave & é&zwﬁaaﬁwmmeéwﬁrouparﬂrmﬂ 3&9

amnyl, ig ﬁ?lé)_gy(b(@m(@_h)z)@qﬂ?!y am nyl, and phenoxy. Preferably t he
he

substitute eteroatom 'S at 3p03|t|on of the plperldlnyl ring.
[133] In another embodiment, Z in combination with R' and R* form a

5-membered ring including nitrogen and optionally including one or more additional
heteroatoms. In this embodiment, n is preferably 1 and Z is preferably -CH—. In an
15  especially preferred embodiment of this type, Z in combination with R' and R? is
R7

)
[134] where R is preferably hydrogen, alkyl, aryl, or aralkyl.
[135] In another preferred embodiment R’ can be a halogenated benzyl or
phenyl group. In a further embodiment, R’ is preferably hydrogen, methyl, ethyl, benzyl, or
20  para-fluoro-phenyl.
[136] In another embodiment, the active compounds of the present invention

have the general structure (II):



5 [1311 In anot her aspect, preferred conpounds have the general structure
(1), where Z in conbination with RL and R2is OHN / \" / \' ' r \' ENO NN
U [1321 Preferred conpounds having the general structure(l) can also have Z
10 as a nitrogen atom have Rl and R2 %ach as al kyl or nethyl groups, or
have R and R2 together formng -C(C(3)N(CI-|3)2)(CI-|2)3-. [ 133] I n another
enbodi nent, Z in conbination w Rl and R2 forma b5-nenbered ring

i ncludi ng nitrogen and optiondl |y nNncludi ng one or nore additional
heteroatons. In this enbodinmept, nijs preferably 1 and Z is preferably -CH.
In an 15 especially prefgared nt of this type, Z in conbination with
Rl and R2 is R7 [%34] ere R7)is preferably hydrqgen, alkyl, aryl, or
aral kyl . [135] I n &netpre enbodi e 7 M be a hal ogenat ed
benzyl or phenyl gro ' RC is preferably hydrogen,
met hyl, ethyl, benz;gl a-flu [ 136] I n anot her

enbodi nent, the acRve fipotigds 0 pres nventi on have the general
structure (11): 35 R3 CN)\ ( 2)n R4 I A7fm 5 RI NO ; where mis an

integer from1l to 5, each Y tHat substitutes the benzyl“}}\eF%g is

i ndepend : d ¢{fsom the group consisting of hydrogen, alkyl, halo
substi tu@g%:l%llnﬁé;}n?ﬁ:%rﬁky%ehe, al kenyl, al kynyl, cycloal kyl, 5 cycl oal kyl ene,
hal ogen, edeb{Yethatcsplpdtitgtes the benzybring snmdepénsienttyoseiogted from the@aoup eongstingrofdr oxy,

and al koxy, nh}}d%g%h, a%cy?,rhafd. su%gtgcuted alkyl, alkylene, alkenyl, alkynyl, cycloalkyl,
5 cycloalkylene, halogen, heterocyclic, aryl, arylene, heteroaryl, heteroarylene,

hydroxy, and alkoxy,
nis 1,2 or 3; and
R} R*, and R® are each independently selected from the group consisting of hydrogen, alkyl,
halo substituted alkyl, alkylene, alkenyl, alkynyl, cycloalkyl, cycloalkylene,
10 heterocyclic, aryl, arylene, heteroaryl, heteroarylene, hydroxy, alkoxy, and aryloxy.
[137] As in structure (I) above, the wavy bond connecting the olefin to the
substituted phenyl ring signifies that the ring may be either cis or trans.
[138] In another embodiment, preferred compounds may have the general
structure (II), where n is 3. In another embodiment, preferred compounds may have the
15  general structure (II), where R3, R4, and R’ are substituted as described for structure ¢))
above. At present, especially preferred compounds have the general structure (II), where R,
R*, and R’ are alkoxy or methoxy.
[139] While many synthetic routes known to those of ordinary skill in the art
may be used to synthesize the active compounds of the present invention, a general synthesis

20  method is given below in Scheme I.



R3, R4, and RS are each independently selected fromthe group consisting of
hydr ogen, al kyl, halo substituted al kyl, al kylene, al kenyl, alkynyl,
cycl oal kyl, cycl oal kyl ene, 10 heterocyclic, aryl, arylene, heteroaryl,

het er oaryl ene, hydroxy, al koxy, and aryloxy. 1137] As in structure (1)
above, the wavy bond connecting the ol¥finto the substituted phenyl ring

signifies that the ring Ay be either cis or trap 1138] I n anot her
enbodi ment, preferred i unds may have the gef structure (11), where
nis 3. In @mpth@r enbu gint, preerred conpounds pmry haveg®the 15 general

pre ) .
St ruct umg (|Py R4 d RS are substytut®d as—d&scri bed for
structure ( \tﬁ‘ov’én At p esent xapeci al | "breferr(e)d conpdunds have the
general str Fcture (rn, ere R3 R4, and R5 are al koxy F met hoxy. [ 139]
Wil e many synthetic routes kne@ifo those of ordinary ski ihp the art may
be used to synthesize the actilyg conpoundg of the present |E¥%nt|on a
general synthesis 20 nethod i/ _be)ow in Schene |. 36 RBé—~&i N~ / RZ Ym
CHO Ym (3) (2) (4) \ HN @2 /| Z-~R2 Rv/ N"® )n s OR, /
Z~R2 (5)~sSchenme 1 [140] I n Scheme yde (2) undergoes a condensation

reaction with 5 primary am ng I a rgductive am nation. Suitable primary
am nes are commercially avar l-ah FroqT Al dgzaech, M| waukee, W, for exanple,
or may be synthesized by chem routles known to those of ordinary skill
inthe art. Rs ° ST

®)
Scheme 1

[140] In Scheme I, aldehyde (2) undergoes a condensation reaction with
5 primary amine (3) via reductive amination. Suitable primary amines are commercially
available from Aldrich, Milwaukee, WI, for example, or may be synthesized by chemical
routes known to those of ordinary skill in the art.

[141] The amination reaction may be carried out with a reducing agent in any
suitable solvent, including, but not limited to tetrahydrofuran (THF), dichloromethane, or

10  methanol to form the intermediate (4). Suitable reducing agents for the condensation reaction
include, but are not limited to, sodium cyanoborohydride (és described in Mattson, et al., J.
Org. Chem. 1990, 55, 2552 and Barney, et al., Tetrahedron Lett. 1990, 31, 5547); sodium
triacethoxyborohydride (as described in Abdel-Magid, et al., Tetrahedron Lett. 31:5595
(1990)); sodium borohydride (as described in Gribble; Nutaitis Synthesis. 709 (1987)); iron

15 pentacarbonyl and alcoholic KOH (as described in Watabane, et al., Tetrahedron Lett.1879
(1974)); and BH;-pyridine (as described in Pelter, ef al., J. Chem. Soc., Perkin Trans. 1:717
(1984)).

[142] The transformation of intermediate (4) to compound (5) may be carried
out in any suitable solvent, such as tetrahydrofuran or dichloromethane, with a suitably

20  substituted acyl chloride in presence of a base. Tertiary amine bases are preferred.
- Especially preferred bases include triethylamine and Hunnings base.

[143] Alternatively, the transformation of intermediate (4) to compound (5)
can also be obtained with a suitable coupling reagent, such as 1-ethyl-3-(3-
dimethylbutylpropyl) carbodiimide or Dicyclohexyl-carbodiimide (as described in B. Neises

25 and W. Steglich, Angew. Chem., Int. Ed. Engl. 17:522 (1978)), in the presence of a catalyst,



[ 141] The am nation reaction maybe carried out with a reducing agent in any
sui tabl e solvent, including, but not limted to tetrahydrofuran (THF),
di chl oronet hane, or 10 nethanol to formthe internediate (4). Suitable
reduci ng agents for the condensation rgaction include, but are not limted
to, sodium cyanoborohydride (as described in Mattson, et al., J. Og. Chem

{11 acet RS Bor Shydiar o phinoguifine or W DIREAR bbb ttibrirble @ 2 0 on

Lett. 3Xdessibed if KIgoRi; SysmefdiCommvor BRYIDr i de (as describéd in Gibbl e;

Nutaitis Synthesi 0 1987));. Jron 15 pen arbonyl and al coholic KOH (as
described in Wata "ﬁ‘i %8§ie 1}%&%%@&8’}&&‘#@“{@76Xb({"fgfp%jsfﬁl?and

BH3- pyr iﬁ'tagsmétam@sfcu laR@ U TAC dBeibkines, tHe catnpountis WeReiBreedeE in vidPetki N Trans.

1: 717 (1984)). [142] The transformation of internediate (4) to conpound (5)

maybé ceadetarmine thgit ability 4o giselaca SF-& and T A& from theCEX-CHR? sespiPortur an or

di chl or .} 1 i i AV M0 LRk i n presence of
a base. Q{@P}?@g%ce%]h%@%%%é&%&gn%?\gég?(?ﬁeﬂ()jxw&Eg{hem a %‘?g%%gg glrsr ed bases

i ncl ude dxpiesdily CEX-GKERAneteptonsites fisthb aasench bk AldabeledtSDR] wnd/otH&1 I-

t ransfor ion qf interpedia 4) to_conpound ( C | so t ai ned
with a ;ﬂ?@a&s&r@%&m%nﬁgﬁ% b2 RAyags iqaisplade mﬁg@}@bﬁlﬁé%&ﬁ %1 pr opy! )
car bodi iy é@ﬁ@@%&bﬁh%la &art%%dn&xﬁ%ﬁézﬁ&vgmrde&@ﬂiﬂeaﬁm thei ses 25 and
W Steglich, Angew. em, Int. Ed. Engl. 17:522 (1978)), in the presence of
a callal ysstegniBg prosessh as 4- NN- di net hyl ami no-pyridine, or in the presence of

hydr oxybenzotri az ( descri bed in K ri.Ki yint h. n. 7:.25 1).
[ 144] To denonst rﬁ@lt g%fnpp Wéd%(%a?rﬁvgf?n%gma%g%ﬁuB%gDEbloWg Iéﬁ%&??ﬂwts
ant agoniwére ableto &EFlack a8 st SOVASE thSDBXI andsor ITAE ¢Hefoking dombe €CSGr eened i n

vitro to_5 determine their ability to displace SDF-I and |I-TAC fromthe
CCX- CKREFRE Essentor af conpgnirationg atas helomt i havigpmolan (M -adners axeféably ak onbi ned
with ma : i + S in the presence
of the TIBTraiaREL Sy SRl Sl B in (e e Sk Bk T 1) B The
conpldundsmpoundissph displacda 1¢aatiil%e of tBOSDIF- loandlor TAAGC from th¢ BEXACKREKR2 r ecept or

cites at nultiple congcentratjgns S n determned with the 10 screening
process.” eTefL%]aP@gﬁﬁ'&?ﬁags gt ﬁé{"g% r"ﬁgﬁ% @mf%amw@ﬁ@ﬁmgﬁw Crrigpia

ant agoniagd feprodiéed inablei®eldiyspl ace at | east 50% of the SDF-1 and/or |-TAC
chenokine fromthe CCX- CKR2 receptor at concentrations at or below 1.1

m cronolar (M and nore preferably BABLEdncentrati ons at or bel ow 300 -
nanonolar (nM. In sonme cases, it is desirable that
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15 conpounds can di spl ace at
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Sol ubl e Hi gh Throughput Assays [146] |

0"

\' OO0 25 N51 ON \ pONO -0/ ~O
NL~-OO '0 0 43 C. Solid Phase and

n the high throughput assays of the

invention, it is possible to screen up, to several thousand different
nodul ators or ligands in a single day. in particular, each well of a
mcrotit A-ete—car—ixe mcu&iu ram o ?&) ate assay ZAopeA ET € a
pot ent i Bt t-or—BEIG o oreeRtfratro—ot—HRethaton - ar e
to be o Ved, every Hwells can ?ggta si ngl e nodul at or. gl ngl e
standar¢ mqrotiter pla gan assay agout 100 (e,g., 96) nodu S.
1536 welll pllates are used, then a single p y easi | ssa om gbout
100 to @bout| 1500 differen oqpounds.| |t a y sever al
differept pllates per day; ay screens for ¥/ 000- 20, 0
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mani pul ati on have been devel oped. [147] The invention provides in vitro
assays for identifying, in a high throughput format, conpounds that can
nodul ate the function or activity of CCX-CKR2. Control reactions that
measure CCX-CKR2 activity of the cell‘hn a reaction that does not 15 include
a potential nodulator are optional, as“the assays are highly uniform Such

opti onal coné.rol Sroﬁﬁfi{lf.asm@?lrd E@@éﬁiﬁhﬁ%‘f@f’ﬁ‘ K?fagﬁel lability of the assay.

[ 148] I n sone assays i able ave positive controls to
ensure that the didfjoiettechigh thtdughps assags fite invertiongit jrpssibleyo softenl east two

types of positive confrgls are propr.iate. Fi.rst, a known activator or
| i gand ofP @éﬁ‘-"@%@o"é?fﬁf ‘iige‘ieﬁt:‘ﬂﬁ‘?ﬁgtﬁrs E‘Wﬁ%ﬁ”@ﬁﬂﬁ eﬁaaq £edhy, and the

resul tingej BE§ RRS&tkr bl Sidbe HRAW hinNGepdrRBhRRy hakidLasEEctedfdtbtial Y Of
CCX-CKR2 (e.g., as determ ned according to the nethods herein). Second, an

i nhi b t omodulatantoggbennsentratiowopinortration time offecitiare do bawhervied, avernifi-10 wglldecr ease

in signal for the aciivity.of the.chenpki ne receptor can be siyg.larly

det act eqee o istneteyRodnlatin, Mol o € AR R B PR S en R e e et wi ¢
activat 0(@5%}36) iddiRiokN 1IE 1536 Wl Blates die! udéd) kifen \WRirple plbteichiedsily adshg fromcr ease or
decrease that is otherw se caused by the presence of the known nodul ator of

CCX- CKR2 abauy/100stegbet 415 didferentrawppeundy Kisimoasihle fojapsay semersbiifeispietesent s,

CCX- CKR2_ | s i ' i [ . ion of
Gox. aroPb TR Sl B i RABORES 000 AN et GBPORAR PR RUBISERETT O
or am0i sehrdstegrard eystamss ofithyinlbentioxp Migs exderitly, midrofuidic approu¢hes td @agenhi bi t

expression ., of CCX-CKR2. In so cases, a polynucl eotide encodi ng CCX- CKR2
i s introfaapylation havg beendqvelopedsi t o and the cell is subsequently introduced

into a subject. |ngaMerRfindd 5‘?%?%@?"” ﬁt?&ass&ﬁ!fbﬁid@rgfﬁ?ifg?!iﬁta}ﬁéw ated from

t he 'subj ect and then re-i1ntroduc Into the subject af the 44
pol ynuc!| éwoughiputifsrmattcoogpoumts. thaticamimodulate theddietiontos actputyyof (€1%e6KR2es encodi ng

CCX- CKR2 i nt. ced di into.cells in. th ject.in vivo. [150
" oo CaEs el eyt EOLRRY uriahd U5 - Bhe Bstdadot Trne b ool 1 s
froms (i %nrcﬁld_ﬁ b potefti indditatrasd opt{oh{n% asSOLAERR WFe lﬁglhlk%nif&&ﬂ.oﬁibﬁ%tibr&‘l o the

tissue, (iii). 5 neighboring cells not withinthe tissue. In sone
ermbodi nmeeendrol repetions,| hpmgeereinciegessthe felipbilityi of Werassayn are i ntroduced into

endot helial cells. eqli Wi & | ch & endot hel.ial cel|l are
associated is any [tl‘;&;‘s ulé S;ﬁ?\lg\%ﬁ %Srnlpm%es&]ealé%?er té’g]af’%p%sﬁthvaencé’ Qg?lﬁ go ?Hs'éﬁf’at Il on or
expansi othapthe canplaichssloif the dssdyd breGrstliag biopaddy. At leadt v 6peosfpositizt based gene
transfer methods can be _. ) ) i

controls are appropriate. First, a known activator or ligand of CCX-CKR2 can be incubated

20  with one sample of the assay, and the resulting increase in signal resulting from an increased

activity of CCX-CKR2 (e.g., as determined according to the methods herein). Second, an

inhibitor or antagonist of CCX-CKR2 can be added, and the resulting decrease in signal for

the activity of the chemokine receptor can be similarly detected. It will be appreciated that

modulators can also be combined with activators or inhibitors to find modulators which

25  inhibit the increase or decrease that is otherwise caused by the presence of the known
modulator of CCX-CKR2.

Iv. Expressing CCX-CKR?2 in a subject
[149] Insome embodiments, CCX-CKR2 is expressed in a subject, thereby
30 increasing expression of CCX-CKR2. Alternatively, inhibitory polynucleotides, including,
€.g., sSIRNA or antisense sequences, may be expressed in vitro or iv vivo to inhibit expression
of CCX-CKR2. In some cases, a polynucleotide encoding CCX-CKR2 is introduced into a
cell in vitro and the cell is subsequently introduced into a subject. In some of these cases, the

cells are first isolated from the subject and then re-introduced into the subject after the



10 used to introduce nucleic acids encodi ng engi neered pol ypepti des of the

I nvention in mammalian cells or target tissues. Such nethods can be used to
adm ni ster nucleic acids encoding pol ypeptides of the invention (e.g.,
CCX-CKR2) to cells in vitro. In some enbodinents, the nucleic acids
encodi ng pol ypeptides of the i nventionttre administered for in vivo or at
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i ot echnol o e o] ogy an
Neur osci gﬁ’@l %‘%S“%’@‘Ji‘(':fgé‘g? en‘iﬁ‘é‘?]{'\@f %! &‘%‘qsﬁ Héf”%‘%rt}' ¢ f ﬂﬁé Bul l etin
S (1) 1 31afhsbobBPe)is aipiidadim Wiictelt is ddsedddlehiRte ffl@ﬁ’ﬁl?ﬁtloh Br Mp%ﬁé?&i@ﬂ ogy and
| mmunol ogy Doerfler and Bohm (eds) (1995); and Yu e Gene Ther apy

1:13-26 @n@@hﬂla 25 [152] Methods of non-viral delivery of nucl ei ¢ aci ds
encodi ng_engl heer el siP A dRERMIP S d RS 1B Bl 98hd RELRIRHIROLEAL! O

m croi nj ection, 0SO

pol yaet i eBedad intiqdiues mmwl@a@dmb@ﬂm@éﬂgu@afee@olyquﬁés a‘iaemvaﬁﬁmfmm aI virions,
and agent - enhanced uptake of DNA. Lipofection is described in e.g., US

5, 049, 3genamuspligngalls, 078aﬁgetéﬁﬂle§18314°1189¢h%5)m e i edraipistes ausleisgeie s are sol d
conmer ci m( L c and neutral
| i pids t%ﬁ@%@%ﬁ%ﬁy or g@?ﬂ-cg:\ée rlgéégg)?ﬁérlgc%%ﬁoﬁh&ﬁl pof ecti on of
pol ynucl enaibbdiefenisnhe nodeit baideemmbding 'pglygephd\iﬂf tRd inventidh, ard/ddndihistefdd Xor

Del ivery .can be to cell Y i str on) or tar sues [

Vi vo. adniiise P aye eun Belapyases’ Nr-Propeor e bYPrs e AR P aci o
conpligxe %lashﬁ&%' A Gudi&E Qéia eﬁdfnhé‘l@ﬁ%ﬁscoﬁﬁéfeﬁe@%ﬂl H‘EIH Pé}ﬁcle QuiBRla8%es, is
well known to one of skill 1n the art (see, al, Science

270: 404- Aiposofrien 95¥al v@lt@rebbvw sygtems igelp @DNeeemé wuu@szssmcnhazve(eltg%), Behr

et at, Biocon at.e m 5:38 9 et .at, .Bi oc ate Chem
oy’ 5 ERaohgR Hitereldf Rnotics HRec v 19 b oD Y 5 bW of BB REAH S ° ot
Cancer R soce&&es,flSée?And%?s%ﬁ £c1822256: 8083813F(E7!992)4\N§oe1& eil&QBTBCHJﬂ 2344,
4, 235, 87 261, 975 485 054 501 774, 08 837,028, and

4,946, 782)7 ({%gxwlmm;a@kw, W@E@Hltx@wéep%a@émwm%aﬂ k% del i very

of 20 (1993); Miller, Nature 357:455-460 (1992); Van Brunt, Biotechnology 6(10):1149-1154
(1988); Vigne, Restorative Neurology and Neuroscience 8:35-36 (1995); Kremer &
Perricaudet, British Medical Bulletin 51(1):31-44 (1995); Haddada et al., in Current Topics
in Microbiology and Immunology Doerfler and Béhm (eds) (1995); and Yu et al., Gene
Therapy 1:13-26 (1994).

25 [152] Methods of non-viral delivery of nucleic acids encoding engineered

polypeptides of the invention include lipofection, microinjection, biolistics, virosomes,
liposomes, immunoliposomes, polycation or lipid:nucleic acid conjugates, naked DNA,
artificial virions, and agent-enhanced uptake of DNA. Lipofection is described in e.g., US
5,049,386, US 4,946,787; and US 4,897,355) and lipofection reagents are sold commercially
30 (e.g., Transfectam™ and Lipofectin™). Cationic and neutral lipids that are suitable for
efficient receptor-recognition lipofection of polynucleotides include those of Felgner, WO
91/17424, WO 91/16024. Delivery can be to cells (ex vivo administration) or target tissues

(in vivo administration).



nucl ei ¢ aci ds encodi ng engi neered pol ypepti des of the invention take

advant age of highly 10 evol ved processes for targeting a virus to specific
cells in the body and trafficking the viral payload to the nucleus. Viral
vectors can be adm nistered directly tg patients (in vivo) or they can be
used to treat cells in vitro and the nodified cells are adm nistered to
patient s (ex Vi vo)1ss) CaRY sraph@dH of ipidhuchs 254 SUTHIBHS, frbfudingeargl@ld very of
pol ypepti des of the invention could include retroviral, |entivirus,
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conbi natT e oAty A ot BBl AR W SIS 1998, 51750
(199D ; fooparrransfenl Viral Vectvisracd cunhtlyl 618 SackGefliciediond versaiplemettiod of gere al .,
Virol. 176:58:59 (1990); . Wlson et al., J. Virol. 63:2374-2378 (1989);

M1 er s in bl s dniensBorintieune) ehpime it OB TRRE 46 1156] I n
appl i cat jeRBerisRhGvikds 3R BBo- SRS VIAR gohe frilfed HMRRABIfA Sestitinglhe | nventi on
is preferred, adenoviral based systens are typically used. Adenoviral based
vect or s long tero gppriesseonodf thesingerter dfansgene stidditionatly.dfigh ansdestion efficdengiesel | t ypes

and do I I | MieSLQN. 1 W.L V, ors, high titer and | evels
of expr ggatst é%e%‘;gg@%vgggr{na&&t%flfﬁgﬁQeq'ﬁpsep%ns#é%Ftot?S%cezih be produced in |arge
quamd ties in a rqis8]i Thkyropismplfa répsirascan/sdeiltored by dndogioeatingvoreitmh (" AAV")
vectors are also used to transduce cells with target nucleic, acids, e.g., in

the in SAVEloBe ProbaRse EXRERIBE theunoteafiel targptpopuiatonimegissils.ohentivial Yeatofs vo and
eX Vi VO geRgrovlRANBibrs that are able to transduce or infect non-dividing cells and typically

produce high viral titers. Selection of a retroviral gene transfer system would therefore

depend on the target tissue. Retroviral vectors are comprised of cis-acting long terminal

25  repeats with packaging capacity for up to 6-10 kb of foreign sequence. The minimum cis-
acting LTRs are sufficient for replication and packaging of the vectors, which are then used
to integrate the therapeutic gene into the target cell to provide permanent transgene
expression. Widely used retroviral vectors include those based upon murine leukemia virus
(MulLV), gibbon ape leukemia virus (GaLV), Simian Immuno deficiency virus (SIV), human

30  immuno deficiency virus (HIV), and combinations thereof (see, e.g., Buchscher et al., J.
Virol. 66:2731-2739 (1992); Johann et al., J. Virol. 66:1635-1640 (1992); Sommerfelt et al.,
Virol. 176:58-59 (1990); Wilson et al., J. Virol. 63:2374-2378 (1989); Miller et al., J. Virol,
65:2220-2224 (1991); PCT/US94/05700).



procedures (see, e.g., West et at, Virology 160:38-47 (1987); U.S. Patent
No. 4,797,368, WO 93/24641; Kotin, Human Gene Therapy 5:793-801 (1994);
Muzyczka, J. Cin. Invest. 10 94:1351 (1994)). Construction of reconbi nant
AAV vectors are described in a nunber of publications, including U S. Pat.
No. 5,173,414; Tratschin et at, Ml. | . Biol. 5:3251-3260 (1985);

]
Tratschin, et at, . . B : 2= 4 ; t zyczka,
PNAS 81: 6466- 647(@%9 ;ﬂhS%@nggvﬁlﬁ{éﬁiét%gﬁ#s@%@?%‘P% 3@%§§§%828
(1989) . ihtntibn s px&iiradicidbfe@iral tasel systamp hretygicadlyrused. oddenaviraldasedrvsctoisat have
been 15 used jn_clinical tri Isegmnba.r et al Bl oo(g 85:t3048-3 (1995);
Kohn et @&# capahlgof Vigydieh Gangdiohion gHicierigsymanycell iypey pnd fo not grghae g5l 57
12133- 124;38i0h 1 98th duch PA3d:E/ L ERE #ASeveld 6T ekpresdior e BRGLSHtEnyECIY used in a
gene therapy trial. (Blaese et al., Science 270:475-480 (1995)).
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elirver systens ased on t efect]ve a n t eni AN}
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retai ns onbeds "Roud AmiAGHR ThENGB] 5993 86T [I00R), MiEREALS) (diANhag ¢ he

transgene expressign cassette. I cient 25 dgene transfer and st abl e
t r ans@en4:t3:A1i (1294)). dbenstroctiontod gaeambimanti AA Y vettersgesmdaseribedfin a membenddnsduced

cell are y features. f | S,V r te 1, .l 51: 9117
1702- "3 pokuboneyindliioe S 2k Mo 751 Rt < B0 GBI Blof 537F 560

Repl i cat {1985)defdtehib: 416 8@ItTNaBlol AR08 B{1984) HefrBorlaf\&) Magyezks; PNRSgi neer ed
such that a transgene replaces the Ad El a, Elb, and E3 genes; subsequently
the 30 8594@60%793}9%&9@&36@“#@&’6#4g”ﬁf-éé&é%:}e@msrﬂ%n 293 cel I s that
supply del eted ge ungta | g iply
types of tissues irtﬁsbi 3’%@%‘}‘1{}‘6‘? ﬁ?ﬁgﬁggﬂ# %;fénrgfe?rog??f\}ee?@%ftﬂ%lﬁ g‘ég%gg | s such
as t hHseudedimdirical triwds (Dundir, et ki, Rlegd &nEDA8BOS I(EO%SY, M ahm et uk,NiesMed.Convent i onal

vector i Ko EI G ehf: Bnecfef h, BRBIATE hont BB A sy R4S EeS « Sror
| muni Zagy @it Wdrdbeftt{c vdciiriREHinaUWeAd thefdb$ lal qBldesd & uIBSki&ice 276:4748R0 CGene

Ther. 7:1083-9 (1998)). Additional exanples of the use of adenovirus
vect ors (l19P5)eRransdugtien efficiencied ofiH0begr areatesihgve breh obiserveddorMEESr et at

T R I e e
Hum 2@enfufm. Gede THerSOTH16281901P97); Topf et at, Cene Ther. 5:507-513 (1998);
Sternman et at., Hum Gene ) . . .

{158} Recombinant adeno-associated virus vectors (rAAV) are a promising
alternative gene delivery systems based on the defective and nonpathogenic parvovirus
adeno-associated type 2 virus. All vectors are derived from a plasmid that retains only the
AAYV 145 bp inverted terminal repeats flanking the transgene expression cassette. Efficient

25  gene transfer and stable transgene delivery due to integration into the genomes of the
transduced cell are key features for this vector system. (Wagner et al., Lancet 351:9117 1702-
3 (1998), Kearns et al., Gene Ther. 9:748-55 (1996)).

[159] Replication-deficient recombinant adenoviral vectors (Ad) can be

engineered such that a transgene replaces the Ad Ela, Elb, and E3 genes; subsequently the
30 replication defector vector is propagated in human 293 cells that supply deleted gene function

in trans. Ad vectors can transduce multiply types of tissues in vivo, including nondividing,

differentiated cells such as those found in the liver, kidney and muscle system tissues.

Conventional Ad vectors have a large carrying capacity. An example of the use of an Ad

vector in a clinical trial involved polynucleotide therapy for antitumor immunization with



Ther. 7:1083-1089 (1998). [1601 Packaging cells are used to formvirus
particles that are capable of infecting a host cell. Such cells include 293
cells, which package adenovirus, and 02 cells or PA317 cells, which package
retrovirus. Viral vectors used in gene7t herapy are usually 10 generated by
producer cell line that packages a nucl’ei ¢ acid vector into a viral

particle., The vectol. | cal | § A0 gyyal nces
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€.4g., he}a&%f‘fc%ﬁé WRidh faRk e rCRovAdE A VitSork %sdmﬁgel%ecﬁéﬂa%ilﬁt%uﬁmg’ AAV. [1611
I n many gene thérapy ‘applications, it is desirable that” the gene therapy
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type. Aviral vector  25.is typically nodifi snechfC or a
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binding affinrty for virtually any chosen cellular receptor. Al though the
above debueis plse triecigsipyitieadeppyimsas pjiclper. \libe elpgierusPsometaerepligation gf the

e ol L ; ) _
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by adm nistration to an . o s
Y adenov?rus can be reguced by, e.g., heat treatment to which adenovirus is more sensitive than

AAV.

[161] In many gene therapy applications, it is desirable that the gene therapy
vector be delivered with a high degree of specificity to a particular tissue type. A viral vector
25  istypically modified to have specificity for a given cell type by expressing a ligand as a
fusion protein with a viral coat protein on the viruses outer surface. The ligand is chosen to
have affinity for a receptor known to be present on the cell type of intefest. For example,
Han et al., PNAS 92:9747-9751 (1995), reported that Moloney murine leukemia virus can be
modified to express human heregulin fused to gp70, and the recombinant virus infects certain
30  human breast cancer cells expressing human epidermal growth factor receptor. This principle
can be extended to other pairs of virus expressing a ligand fusion protein and target cell
expressing a receptor. For example, filamentous phage can be engineered to display antibody
fragments (e.g., FAB or Fv) having specific binding affinity for virtually any chosen cellular

receptor. Although the above description applies primarily to viral vectors, the same



i ndi vi dual patient, typically by system c adm nistration (e.g., intravenous,
i ntraperitoneal, 5 intranuscular, subdermal, or intracranial infusion) or
topi cal application, as described below. Alternatively, vectors can be
delivered to cells ex vivo, such as ce|ls explanted froman individual
patient (e.g., |ynphocytes, bone marroWw aspirates, tissue biopsy) or
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the i ﬁvemtramuscuéawubd@mahmmcnaa@kmﬁﬁm) vmplﬁﬂwpﬁw BR.Ga P
pati e”t) éff %gtb{s c%%{i%ﬁ%}éd% 81sfe9 %v‘é?‘suér?ﬁ.é’ée é/lﬁﬁlé& fiGhiagn are wel |
ose 6) e.dqg., resnne

known to e art et at, |ture of
Ani mal  Caidividuafpadeatielg.,dfmpasiytes 'Ibmhmaquw abfiratesgtissud Bidggy) oanmiversd ref er ences

cited therein for di scus of how.to isqlate and culture cells from
pati ents °n‘{rPBWPtOPWet&Fn§$erEﬁB@’d?%WFd by feimplegiafign ﬁftge ﬁglfdmior? Raeny; VBaSu
prOcedur%ﬁerfsefecﬁ‘(ﬁﬂPorcéll%%ﬂﬁélﬁih%%o%@?&t&%@véc?&r apy. The advantage to using
stemcells is that they can be 20 differentiated into other cell types in

vitrad0 or can be i B63diicerp ¢alk tengfegiionfar diggnosticsaresedneh, offsgenegherepie cel | s)

wher e th ft r ng

D34+ cel %/ g Yla re— ooqlI onfttf(l)@t(r:%xﬂﬁelcﬁég{lgllmo tﬁél\%l P/&Iga.t%gxﬁ#s%elﬂ{ﬂ'{o t& Batokégéfng

cyt oki ne&kmu@meanamaﬁﬁ%rrddlaﬁbpdmmt Eulfs-ae Bbb.tddlffﬂmﬂie?a&wed:tmagmmai, at, J.
Exp. Med. 176:1693-1702 (1992)). [165] . Stem cel li are |sgl ated for

transd ucltliaéﬁfe“é‘ﬁ’d‘”@? # pusleir p7id (8696 oF gPNA) spoling apo sinveRtioh P st em
cells ar | ow cells
OOl 1S 2 S bk ol ARG BRI (CF) iy, RAAGLIANLHRS oRAR fREC O oel |5
CD4545( panB tnaedtbcm)on ateRvdll kmpvamtolthasg vEskil] inthelatt gsete, (e;g ;‘Freslmny etatle Qubmrei gen
presenti e | na et.at,. J . 1702 1992)).

[ 166] Ve@?‘é?’g'a @&%?@fufgﬁﬂge%c;"g%rﬁ@o%w» 35 gn R ) cont ai ni ng
30 ther a@l%#élhﬁbr'&l&iécﬁésfonamhdﬁ/ 16 dd1ddCardl caRurR @By firsth Pakshtd)i rect |y to the

organi smfor transduction of cells in vivo. Alternatively, naked DNA can be

admi ni stered. Adni H64k rlatomeﬁmbgdlwnwrym@ll& musqddmeégzvﬁ@rmqlurgs fegeq!ll f or

I nt roduci E1:08 cells.

Sui t abl e : %fﬁmgg ‘?g gnqlér%%p?t er |er?g sﬁa &ﬁ&f%st%&%%lﬁgﬁiaﬁgtg% val abI e and wel |

know0t o diffdramiated fints lotHet calintypdsan autko, olaaad be attodaced intors ahinah(sasheas tigut e can

b dt d 4 t t t | t

of ten pr40RQ e o Wit te Pl ettt o s SonS ssartow. MiefhoBtor diftireatiatng ¢ ©2"
CD34+ cells in vitro into clinically important immune cell types using cytokines such a GM-

CSF, IFN-y and TNF-qo are known (see Inaba et al., J. Exp. Med. 176:1693-1702 (1992)).

[165] Stem cells are isolated for transduction and differentiation using

25  known methods. For example, stem cells are isolated from bone marrow cells by panning the
bone marrow cells with antibodies which bind unwanted cells, such as CD4+ and CD8+ (T
cells), CD45+ (panB cells), GR-1 (granulocytes), and Iad (differentiated antigen presenting
cells) (see Inaba et al., J. Exp. Med. 176:1693-1702 (1992)).

[166] Vectors (e.g., retroviruses, adenoviruses, liposomes, etc.) containing

30 therapeutic nucleic acids can be also administered directly to the organism for transduction of
cells in vivo. Alternatively, naked DNA can be administered. Administration is by any of the
routes normally used for introducing a molecule into ultimate contact with blood or tissue
cells. Suitable methods of administering such nucleic acids are available and well known to

those of skill in the art, and, although more than one route can be used to administer a



effective reaction than another route. [167] Pharnmaceutically acceptable
carriers are determned in part by the particular conposition being

adm ni stered, as well as by the particular nethod used to 5 adm ni ster the
conposition. Accordingly, there is a '9de variety of suitable fornulations

of pharmaceutical conpositions of the present invention, as described bel ow
(see, e. bl.%ﬁ%%ﬁggi%,ﬁ f%ﬁl@i‘iﬁﬁtﬂdaﬁ%helsﬁﬂo@ﬂeqsnor&ﬁﬁﬂeﬁdte,a_n&%%- V.

Di agnosi's and Prognosis 10 [168] The present invention provides methods of
det ect i neffestivaresettondledn anothepgoutsdi ng net hods of provi ding a prognosis or

di agnosi s of canc IO gﬂ%%.f ed in
nearly every cancgéﬁgéﬁ)ﬁg@g%?‘ggaﬁ%g%gﬁg@ggﬂgﬁrg%%rmaéd?%gﬁ?gggﬁcer)

expr essi paitiailarGorkpoiifith bepeainsinisterdiead wetl dschy thepartieuli rdethyd wsed tsone brai n
cells_as ~well as in certaip deyel opt{‘lrent al sta es o;. f.e{)\al qu\@{?. Tr?er ef ore,
expr ebsi yimigistenti cerrosition. 14ccordugly, thers is g wids XAsty f sHitable forpulations ¢ o) e |
and/ or apl?a?ﬁlﬁceﬂﬁgh? EothpGiftioRs 6 BE PYesiit itMfeRtidh, a8 ldscribddbilwdlses elghe | i kely
presence of a cancer cell. In sone cases, sanples containing CCX-

CKR2- ex pResizgiog scRbarmacentical Sciengeseldtif ot, 198®). pr esence of cancer cells using
ot her nmethods known in the art. [169] According to yet another aspect of
the invention, nethods for selecting 20 a course of treatnent of a subject
havi ng oy, susppgigadsiohnd Ridogagsisancer are provided. The nethods include
obtaining fromthe subject a biological sanple, contacting the sanple with
anti bgdi es or anti - bdy f: : i idjically to
CCX- CKR2, detecti gﬂt Efgl@ r%grgﬁ%@g@? ﬁgﬁf@gﬁ?dﬁﬁeﬁgﬁﬁ@%?ﬁﬁﬂégu’ and

sel ect i nipchudinguneatkodsfof provatimgaprogugsiy wpidgaosis ofwandee Aademonstrted hereinyibj ect .

In sone Lnents, the .treatment is adm pi sterin 25 CCX- ant agoni st s
to the s@@@gkﬁ[li‘%’fesﬁ@t%&? nevﬁﬁ?%&?_cgt%ﬁtﬁag‘b@%y}{e@fn Cﬁ%mbrotei n are
vel | knowhced) dxproddfon W ECIRCER2 dppédr@idshel s 96 e didney hh@VorbybrafiRkllyas et C.
Using flow cytometry, cells expressing a specific antigen of interest

e
wi t hi n awellrein qsepinidayslenmental stagessof fetal liysr. i ﬁvmfpﬁ expressigpiof COX-CKBRIig ar e
permitte - : ol | £ I : n: i nt erest
(o o13 " ShetR By tlat B3 OMAaNaN SBECH ol @d B Ehffial 1) £
(direct inelidated tleeflikelygiresendy)qf acancer tell. t Inissma odses, almplesl corpainimg QCGXK-ant | body
that rea with the first can be.fluorescently tagged. (indirect. nethod of
Stai nf nol KRAEPESSECliart S5ABERG Toh RO ESH O FECP AR siph ABeLHtN ect ¢ he
fl uor escedwisindhedrt, Cel |l s are aspirated and nmade into a single cell

suspension. This cell 50 suspension is passed by a |aser that excites the
f1 uorochrone | abel [369lardcoriing tagt aiotgr agpeet®f the invention, methods for selecting

20  acourse of treatment of a subject having or suspected of having cancer are provided. The

methods include obtaining from the subject a biological sample, contacting the sample with

antibodies or antigen-binding fragments thereof that bind specifically to CCX-CKR2,

detecting the presence or absence of antibody binding, and selecting a course of treatment

appropriate to the cancer of the subject. In some embodiments, the treatment is administering
25 CCX-CKR2 antagonists to the subject.

[170] Detection methods using agents that bind a protein are well known and
include, e.g., various immunoassays, flow cytometry, etc. Using flow cytometry, cells
expressing a specific antigen of interest within a mixed population of cells can be identified.
Briefly, cells are permitted to react with an antibody specific for the protein of interest (e.g.,

30 CCX-CKR2). The antibody can either be fluorescently labeled (direct method of staining), or
if it is not labeled, a second antibody that reacts with the first can be fluorescently tagged
(indirect method of staining). Cells are then passed through an instrument that can detect the

fluorescent signal. Cells are aspirated and made into a single cell suspension. This cell



the cells and acquires this data. Cells that are found to be bright (i.e.
react with the fluorescently |abeled antibody) express the protein of
interest; cells that are dull (i.e. do not react with the fluorescently
| abel ed anti body) do not express the pgootei n of interest. 5 [171] The
present invention provides for nethods™of diagnosing human di seases

I ncl udin - 117 | : 8% indi
nmesot hel Slgl(%?’?g@ ],-(m ?sonﬁéaf%eléﬁ%ggsef g‘ﬁgﬁ%ﬁ%@e ﬁ%%ﬁce%&glé ,?dbg gﬁg%bé.r% inﬁo rrasd,m%tro east
cancer, thea¢llsand aequires thiscdatas i Gedls that aredeund tglbe bhipladt.aneact Withiden a, | ynphoma,

prost at e, cancer nd Burkiftt's | hong, ad an ck ¢ r,.colon
cancer, %‘Eﬂr?ff’%{ye{?beg“éﬁegt?&ya gmrg%gfe, Pfggm (t}ﬁﬁtﬁ’{fs% ﬁ‘ﬁggﬁa}t a‘é"‘n‘.ﬁ'\ln]icéﬁ'&ol 1f yng 10
cancer, @aesfh (Ré hdescesBPaBdstantibbO RIS MoEMPEARS theRpeindTintéretancer ,

hepatobi liary cancer, cancer of the gallbl adder, cancer of the small
intestine, rectal [t&cdhe presentéyeetanspyides fatimethodsefiiagnosipg buman e cancer,
peni | e Cﬁ?e%?é’s’inclfﬁ(ﬁﬁrg%ﬁ{ ndt RN to Ll EF) Sroi QS plioifs, }{{e‘éo‘iile@ﬁ{b er, vaginal
cancer, uterine canter, ovarian cancér; yr ol ancer, parathyroi d cancer,
agr enal melafisgds, lyﬁqﬁlﬁmgi@ﬂélﬂtemhd,mdéﬁdd@erlfﬁﬁﬁme,lrbreaSﬁcrmbé’rpd)\diﬁ@ﬁ aagmﬁn, choialel caﬂcer ,
skin cancer, 15 retinobl astomas,,K Ho in's | ynphoma, non-Hodgkin's |ynphona
(see, CANEEsy ghrbRsopiarisukep lmpgmeprqstsis sanger, apdiBurkift's jymphoraa, heaglz) ~  or

addi t | g 1 BPGAIE) eoléidcatebel ckorebthlallodi{itbn- BN (BN Mng USLIGAIRRY 1HICh aS
Al zheinmer's di Seasé and nulfiple sclerosis; Ki dney dysfunction; rfheumatoid
art hiQ t | eancergadcearef did esephagus, stenecht ¢anper, panbreatisernesrokrpgtobidimtyhemmger,

gl onmer ul onephr.i.ti s; ntact dermatitis; .infl tory.bowel di e;
colitis;“P8 o : j&llb %_&r%%ef Sﬁ{ eﬁinﬂ]ﬁ ﬁés&ge,\%ﬁ?&%@eﬁm&epﬁ&mﬁ 3@5@%& s and
di seasescHleaCprofee chiet ipnild danse? RetBrtd 0icHe thticuldrik@ndet RkRAdal Ei@eer, not  have
Kaposi's sarcoma, nulticentric Castleman's di sease or Al DS-associ at ed

primary Vagialiginger, RigHBHheAREST, ovaTian earicele thyrrid eanger, parathyenicheancer, adrenadx anpl es,

| . . i 9 Ml ) baced
Fonc | v slodh PEERER, afffiu GHir dRAGT R, Ofbatie WA AEA, PI009, OTac ror
exanifl e, retinohiastoneas| Hedgkirds Iyetphormhe chobyHadgkinl lymphonr (3ee; EANCRAGPRINCIREFROKI Ne
recept or for which SDE-| nd. |l-T . fqr binding. .[172]. I n addition,
di ff gr en@&is WTF(?E&QH 1 ﬁ&? Hplsds ﬁ@%ﬁ%?@h@@ﬂéa?%ﬁgﬁ&@[%gww det ect ed
and suchndlirdrhBdRAGRGOL 3ichif AlSRIMER diRhRGhd ﬁﬁﬂltgﬂe £IRbES Kididy HefuddiBg; For

exanpl e, no otHer chenokine receptor has both SDF1 and I-TAC as | gands.

Chenoki ni@eurpatpid; argritis; sandiac adogrp fireiedtionsathayosclesesing asfhmp) glemerglogephritisppsi es)
A . i non i ISt s
Phat o anarRieaf iRl Bwbtidald, SAMS: bdoBil tedefiyon il wilby ¢

qual 2a atdsweiey disbrdgtsaunt idisadsey ddsyribedrirtejiz. cinS6dte €BadimbnB cihe kdljecd deds\ioew of t he

appl i cabl e technol o can_be found in 51 Harlow & Lane, Antibodies: A
Labor at 2%’6 R S*’(f%%}l?ultmefl@ﬁ lpaanip disease-oxdylPEaggociated primary

effusion lymphoma. As provided herein, including in the examples, normal and diseased

=)

cells and tissues can be distinguished based on reactivity to an anti-CCX-CKR2 monoclonal
antibody or SDF-1 and I-TAC. For example, cancer cells are detected by detecting on a cell
25  achemokine receptor for which SDF-1o and I-TAC compete for binding.

[172] In addition, differences in ligand binding between chemokine receptors
can be detected and such differences can be used to detect cells expressing CCX-CKR2. For
example, no other chemokine receptor has both SDF1 and I-TAC as ligands. Chemokine
binding can be determined using tissue samples (e.g., biopsies) or can be monitored directly

30 in atissue in situ (e.g., using radiolabelled chemokine imaging).

[173] Immunoassays can also be used to qualitatively or quantitatively

analyze CCX-CKR2. A general overview of the applicable technology can be found in



nmol ecules with affinity for CCX-CKR2 can al so be used to detect the
receptor. [174] Methods for producing polyclonal and nonocl onal anti bodies
that react specifically with a protein of interest are known to those of
skill in the art (see, e.g. 5 Coligan, Current Protocols in |Imunol ogy
(1991); Harlow & Lane, Antibodies, A Egboratory Manual (1988); Goding,

Monocl ongl , Anti I s, Pringi ' 38 ). and Kohl er
and M1s %ril%w ’?‘ﬁr‘ge’?"’%é’:gﬁg@%"?&(’ %gg g})?@&gggﬁ @ﬁ%ﬁﬂg@é@%})ﬁ e antibody
pr epar at inokecillys with effinitg forc CXEKRbainaisofbemsed tokietert ths reséptorconbi nant

tibodies i h i | t le, i d d
Shtisera for use (LTl Mehidn it RAGLIE Potyietel e anenogionshabatts &t B
anti geni Feaétrsg&ﬁmhymrae;%seid ST interebtatithodm t6 @6 bPREl] inRé it (see ey, exanpl e, a

reconbi nant proteirh is produced in a transfornmed cell line. An inbred

straih ofoligapeCunrent Lroigoils ealmmuyslogy (199bh Hegows Lanf.dntikafieti 4dh t he protein
using a standard, . adj i h " | PV d

[ m’rugi za‘?‘f%ﬁatﬁ'?%%%ug I[ h\é’iﬁ, gr‘o na i%ﬁ%‘?‘g@wﬂg@%ﬁ%{%&qe]ﬁ ?’quprggl?% g(g rTomthe
sequence$9ss);al Keatér ked Milstehniueen 64549 7t(097%5) ) Buch eachdifugsrindleden can be
used as an_i mmunogen. A further.optign is .0 use cel l. expressing the
protei n ansibody H@H%F%mbb)fsfe P?%#@Eg?ﬁﬁmg%ﬁ?ﬁg?q@%%eﬁ& a
fragment pl}é%@ bEQni@Svers. AYrledfifiple, AR Ef&?%'elﬁéddclé S@r@Ridesh ab he cel |,

menbrane fraction or |iposone can then be selected for their ability to
bi nd1@ o inmeurmastag; the pfolei® df iRtsrest oromaintigenicfragneent thetee tivigolated as deseribad agai nst

t he i mmupogenin an .20 i noass for .ex I solji dyphasg i amunoassay
with t heﬂé'fr ﬁ8fg%%ﬁ“ﬁpiﬁ«85?ﬁ%&?%s&?{g%%‘ lggfoflaceglrj%ﬁgrra?&o%eldﬁ?pon%il &én (Sera with
a titer gfaid 6fmiee, 9sEalifda pigscorssibite isdithnainikell @bthabl protein didie 4 stardasisr eact i vity
against a different,_ and sqnetinmes, honol ogous, proteins Si

conpet i t AdEvash suRhrRs renndisgduyan, andgetandard iRBRBIZAEATHITORRRG]- fepetintine
anti bodi @ﬁlﬂﬁ:ﬁ? P?ﬁ@{e"lﬁﬁm g khe%?ﬁ%%éé I\c/il@écﬂ')ged"ﬁéran %Mr@l{ga?erd tb §@&kieAbOUt 0.1

mV| nor e “usua east about preferably at "l'east about 0.1 pM or
bettdf, prottimeemtbepsed axabinmundgdil Afugthehaptioniis toaise O GPRBsing thiediroteior

preparation of. antibadies,. e.q., reconbi nocl onal , .. of ol ycl onal

Bt | bodi EAmamRen? atHan R UoRitdin o He Cor CKEA B8 ety bdeor 8% koni or &
M | st ei nantlyeh UARLBSIs4RBedidbhinstltid 8lI, nisabRAk fRktidi or lipdbonotmaeneday 4: 72
(1983); Cole et 30 al., pp. 77-96 in Mnoclonal Antibodies and Cancer

L al ., PP,
Ther apy, seigcigd fx their ghility] tebind tedlgmproteinco| j gan, Current Protocol s in
(1988) :

| mmunol ogy (1991); rl ' [ . ]

and Godi ng, Nbnocl e }%ﬁﬁd@gﬁ*‘sﬁéﬁél?eﬁgﬁp igtﬁﬁ@%ﬁ%@ﬂ%@ygﬁ 1986) ) .
The 2@nesnenwaskapdot erantpdas apolihphasé pirtummhassay with theimmuriogtmitymalfilizedtoar est  can
De ol one i bk Falyctonal Hitiseta Wit ther of 107 Or rester aré selected 4nd tested for ° Y €47

their crossreactivity against a different, and sometimes, homologous proteins, using a

competitive binding immunoassay. Specific monoclonal and polyclonal antibodies and
antisera will usually bind with a Kp of at least about 0.1 mM, more usually at least about 1

25  pM, preferably at least about 0.1 pM or better, and most preferably, 0.01 uM or better to
CCX-CKR2.

[176] For preparation of antibodies, e.g., recombinant, monoclonal, or
polyclonal antibodies, many technique known in the art can be used (see, e.g., Kohler &
Milstein, Nature 256:495-497 (1975); Kozbor et al., Immunology Today 4: 72 (1983); Cole et

30 al,pp. 77-96 in Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. (1985);
Coligan, Current Protocols in Immunology (1991); Harlow & Lane, Antibodies, A
Laboratory Manual (1988); and Goding, Monoclonal Antibodies: Principles and Practice (2d
ed. 1986)). The genes encoding the heavy and light chains of an antibody of interest can be

cloned from a cell, e.g., the genes encoding a monoclonal antibody can be cloned from a



52 hybridoma and used to produce a reconbi nant nonocl onal antibody. Gene

| i braries encoding heavy and |ight chains of nonocl onal antibodies can al so
be made from hybri donma or plasma cells, Random conbi nations of the heavy
and |ight chain gene products generatesa |arge pool of antibodies with
different antigenic specificity (see, e.g., Kuby, Inmnology (3rd ed. 5
1997)) . Hdehshs MeBusk@to produderadsumitinmt Mbnsdlopl entiody.nGen litiadisescading

reconbi nant antibodies (U S. Patent 4,946,778, U.S. Patent No. &816 567)
can be alepapy enil light WM@%?PPB@GPB@@% can,glsq bempdesiam ybridoma orpldsma on.

Al so, tr be
used t o N5y R ReibindionchE nORG R AER ohAlf BoRSrOMIR penBR TR pIBY Ros.
5, 545, 80<7f anfib&dids, v&ﬂﬁhﬂﬁ;eﬁﬁmt@%;: specBRBy (6, €. gsJS@& M&"umﬂ?@dﬁrm Mar ks et

| ., 783 L t_at...Nat 68 856- 859
(19025, Risthy Garhmsaed forthe sagacios ofnglc bensy SMERGR Bf oBlypo i Mo

Bi ot echnql, §qyatelaf14 946,776, 1.8 I%eent NoNEBIEsars tan tuaidapted B pabe@dermﬁmyesm 826
(1996); and Lonb era@s& Huszar Intern. Rev. Inmunol. 13:65-93 (1995)).

Al t er nat palypeptidasie&ghis imvensiony Alse; HaRSEERHG miGenoEheT EgAnisens suethas aler ant i bodi es

(See, o il pafls e B riitkp BOCH raR antb ol b e GTUS RN, ' 2T

B| ot echanQg}Mi,@OT 75954'5&3)6 §,3692)5), 5,686,120 5ch38 242566, 051(6 Markseadel.,bi speci fi c,

bl f 93/ 08829
Tr aubeckBioizomaosy kas 155 dhobasebassn, 19575 368 R s adpme Momstn. Vot hods
in Enzynﬂ‘aﬂ&y3e%%lz%qlé9"498ﬁlﬁw11d°atav bzvmfesezsﬁéhrﬁk@ 1884534 emmnj ugat es,

e.g., two covalently joined anti bodi es, | mmunot oxi ns (see, e.g., U S
Pat ent meubtr@mvc%eBzmhza@lm/l@@@@d%mm@@m& Huspat, larroRes9) . [ 177]

' the aptrerd R8s os EALTRAALT Brldp BT R AbLP A R Ul B iy L0
T e e B B Oy oo e nrToes (s og» aci d
\E\E?\I ﬁ% maMe&aiferty efié’?dNﬁ”Eéﬁ %{?e‘ézaﬁé (i?%%ﬁw?r& el e?"’t“?fhéglo@sij(f%omfx resi dues,

I ch ar ﬁgbg)ﬁygﬂﬁﬂaalés% Rlsh Bgmaa@blglgae% i able r@c\#ﬁitigrw% %ﬂgféﬁ%ﬂg\%ﬁeﬁs‘m can

be essen performed follow ng the method of kers (see,
e.g., Jo(sese. gatW@t9,3/(m§294rTea13®¢k65ZQaISEMHQQHG)%SRBéﬁQlﬂQﬁh) end Suresh dtiat ur e

332: 323- h 239: 1534 1536 (1988) and
rosta, Vapets tfnapel T 0 S Boutbatis SGGH0be nelooppBRiet iqhor odent

CDRs or %eﬁﬁﬂj&lb@%tﬂﬁ&ﬁest BEinfrox A (6be N dg. ;Sﬁ(weﬁl@ﬁt’oN@M GT6[980EW O30
anti body. Accord such hurranl zed anti bodi es are chineric antibodi es

(U. s20 Pa?HﬂQ%QOWO &/&@7 & n substantially less than an intact
human vari abl e dog[g"é'fcll gkgéth?&%r mﬁ%%ﬁé&%&ﬁm&'&%&%&&a&%ﬁ&%&#&mnce

froma non-human n practl
known in the art. Such antibodies are useful for both detection and therapeutic applications.

Generally, a humanized antibody has one or more amino acid residues introduced into it from
a source which is non-human. These non-human amino acid residues are often referred to as
25  import residues, which are typically taken from an import variable domain. Humanization
can be essentially performed following the method of Winter and co-workers (see, e.g., Jones
et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-327 (1988); Verhoeyen
et al., Science 239:1534-1536 (1988) and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992)),
by substituting rodent CDRs or CDR sequences for the corresponding sequences of a human
30 antibody. Accordingly, such humanized antibodies are chimeric antibodies (U.S. Patent No.
4,816,567), wherein substantially less than an intact human variable domain has been
substituted by the corresponding sequence from a non-human species. In practice,

humanized antibodies are typically human antibodies in which some CDR residues and



humani zed anti bodies are typically human anti bodies in which some CDR

resi dues and 53 possibly sone FR residues are substituted by residues from
anal ogous sites in rodent antibodies. VI. Mthods of Treatnent,

Admi ni stration And Pharnmaceutical Conpgsitions [178] Mdul ators of CCX-CKR2
(e.g., antagonists or agonists) can be 5 admi nistered directly to the
manmmal i R i Aub ' bRl kitds ififédehig i n vivo. In
some enb@é?‘ﬁ@r??@gl?tkﬁgm&nﬁﬁ at o%@%%%@ﬁﬁﬁnswﬁnd/or | -TAC for binding
t 0 CCX- GRboditdul ati on of CCX- CKR2 can include, e.g., antibodies

(i ncludi ng nmonocl onal, humani zed or other types of binding proteins that are
known i ny 4 he L eC LBRNAR 179] In sone
enbodi malr{{'s, @Lmeﬁ%%ﬂéﬁgﬁlﬁr@éfmﬁrﬁ%t er gld@%'ﬁ .”%&S'J‘ubj ect havi ng
cancer. In some cdbt, ModulaBrRef GEXHCKRD (&g cantagauisisor ogenists) can be r eat

, - ' i 0 hel i I h ,
ek ot B Rans, 2B R o PR e ol QU of PR ARREE Seccb P L0 ey

gl i obl asggRling Iew¥e Th 8eme kbpdifidhts, the Adtdh@rswonpete, widhSDBL akd/ét-BACY nphona,
head and neck cancer, colon cancer, 15 col orectal Sancer, op-snmall cell

| ung canfosbindingde CCEFKR2 Apdulation of CEXreKR2 gan nglude eegranginadies st onach
, A | | : bl adder,
cancer o RN bblocRRAL Rlenadl S0P Mher bl oA ARARS profRRA 2 cloi fi%e, 1 A00e!

cancer, at)pshal @gaacmeleculpgsiRMAs,etencer, urethral cancer, testicul ar cancer,
cervjcal cancer, .nal canceyr,..uterine varian cancer hyroi d
canc&t, parat hyr oﬁg%éai%we %fﬂé%%ﬁl&Fﬂ%é‘?Fc‘é&%%P’@ﬁ?’? r%ﬂﬁé‘@‘ﬂnﬁéér%tocancer ,

car ci noi faftARERIvingt@Rcer C BNéoMe caBdsl CCKAORRE modelatonOit adinBiiRered HORGAKI N' S
| ymphoma, hon- Hodgkin's | ynphoma (see, CANCER PRTNCI PLES AND PRACTI CE

(DeVi t a, cayicer, e.g4 caeinorpefs gliqmasy mesasheligas tnedangmas. dijaphemas, leykeaips, as brain
and neur ' i ' S 1-nl e
el er oo Lt A cartl Bt el cafenti R, Bk ° ¢
r ej ect i olymphbineppsstdte cansers andBhukites lygiphored, heaiwdmeck cancers oslbmcdnceler mat i ti s;
inflialrrrratqqr)ry 25 bowel dis aSﬁ' colitis; SOHI,ISSiS; re erfufs'on I pjpury; as
vel | s elorestal frrcsr.qopsmaf] fetl hungcancer, sipall cpli lyog caiser icancer pftbg fsop i ment s,
t he subj QGfcer PandteM d5ABR ShepatoBfiasRRoer, cdhlel bE@R IghllbladeRs (chRERHE S

di sease %ﬁﬁiﬁﬁDS-%S’g%gi ated pri naerl)yoeffusi or?rlcyrrphoma. tgéll nce CCX- CKR2 i f

of t en exiheemslk intésting agntal carast, kidngy canver, bladder canven iprastdte eancen péndlet ypi cal |y
desirable to ad I ster . antagoni sts of. X-CKR2 .t o treat. subjects having
cancer.  {HoS e oiceh A0 AR AT e et ot el bR of ) oo
than 1, 58@ridatines thysoid cintes pamthgasié sancerg sdierial ddhcdr, PAHdreatio@nddetific 500, or

400 dal t ons. o ) . .
20  cancer, carcinoid cancer, bone cancer, skin cancer, retinoblastomas, Hodgkin's lymphoma,

non-Hodgkin's lymphoma (see, CANCER:PRINCIPLES AND PRACTICE (DeVita, V.T. et al. eds
1997) for additional cancers); as well as brain and neuronal dysfunction, such as Alzheimer's
disease and multiple sclerosis; kidney dysfunction; theumatoid arthritis; cardiac allograft
rejection; atherosclerosis; asthma; glomerulonephritis; contact dermatitis; inflammatory
25  bowel disease; colitis; psoriasis; reperfusion injury; as well as other disorders and diseases
described herein. In some embodiments, the subject does not have Kaposi's sarcoma,
multicentric Castleman's disease or AIDS-associated primary effusion lymphoma. Since
CCX-CKR2 if often expressed in cancer cells but not non-cancer cells, it is typically
desirable to administer antagonists of CCX-CKR2 to treat subjects having cancer. In some
30  cases, the modulators have a molecular weight of less than 1,500 daltons, and in some cases
less than 1,000, 800, 600, 500, or 400 daltons.
[180] Administration of the modulators can be by any of the routes normally

used for introducing a modulator compound into ultimate contact with the tissue to be treated



[ 180] Adm nistration of the nodul ators can be by any of the routes normally
used for introducing a nodul ator conpound into ultimate contact with the
tissue to be treated 54 and is well known to those of skill in the art.

Al t hough nore than one route can be us4d to admnister a particular
conposition, a particular route can often provide a nore inmmediate and nore
effective,reacgtion than anptk el 18 i nposi tions
of the (b ETDRTE® Sonpr KTl PR ANeR el el oL FREF U i e OTED

Phar nac quiniigkl dpaptcudp calpesitia, bipantisular ®utteae biitmerdvida 2 npare imingdiatae

particul ar conpgsition beinpg adnmnistered, as well as by the particul ar

net hod and &pre effegting repetioR thinanofsheS t i on. Accordingly, there is a wide
variety of suitab f ' DSBS 8Ethk GiVlenGeH RS bdh a0f the
present inventi onk%&ée?ﬁ%@%h%gﬁﬁégg?%gﬁsﬂ&%ar maceut i ca%Sci%%(%es_, 17t h ed.

1985)5) . pharrhat8®tjcallyraccrptdole samies Rharmaceutioplly aereptable camieryn detemyingking he

expression.or, actiyity of .CCX- CKR2, .al or. 1 | ] ] ot her

sui t abl @agd’ﬁﬁ%%@ﬁ’@%%{”€§wp%%“%>iaﬁé‘l J ?%S%E?ﬁb%sowél%(r% %?%%@L}(Iﬁéﬁ&el@ t hey can
be " nebujsbdRthdmitisteltBe s6tapavitidne rARdoidirgly, teed i8hivdde varikey efsnitaliler mul ati ons can
be placed into pressurized acceptabl e gropellants,.su h as ) ,

di chl or dameylatinns pEphwamaceuical GamBositiqns o e presef dNVEREOT (SR% €8y Remingiqn s

For rmul atﬁl?%aée%&ﬁ%"cz@nge&r1]73‘% '83?)( ation include aqueous and non- aqueous

solutions, i1sotonic sterile solutions, vyhi ch can contain antipxi dant s,
buf fi®rs, bact eri ¢E82it The sodulsoiuegs agdrists orantkgonistspof the mxpressionreri sot oni c,

and aqueoys, an - epus sterile _.suspensi ons at _can i ncl ude suspendi ng
agent s, @HV%?‘Id Q%WH%EEQHW@Q@HPE ,‘”&)tgé’ﬁlibfqlﬁaﬁgrcgfnpgﬂﬂﬁspF%%ubeerl%ééi ves. In
the prachjoccRrdgbl ohndationy &Y. itAeY; caf BRPAHlib TPtk AdMENitered d1H ifhalitiied, for
exanple, orally, nasally, topically, intravenously, intraperitoneally, or

i nt r at heberpsoj formmlatipry eanibaplased inkt Presswpendrraecptaie njePPlaasericbas i n unit - dose
or nult 'digﬁgr%diﬂ% kn%ﬂxa%«?%@aﬂ?,rrﬁro%#cﬁdﬁe lﬁgg)oul es and vials. Solutions and

| 5 | |
suspensi ons can be prepa rom-steril e powders, granules, and tablets of
t he 1§ nd pr evi ousl{183j eFormuilaibns Siiablafdudninissationdncladesmubaisaddnon-st er ed as

part of a prepared fopod or dru 25 [18 | n some enhqdi nments, CCX- CKR2
modul at qugeq}p.s&qgor&,, lselopic Stﬁ“ﬁﬁlgﬂ]ﬂt}o&ﬁ[‘%ﬁﬁi‘iﬁ’@%’_&fﬁ‘i“ﬁf‘g?’@g@ﬁgﬁﬂh‘%ﬁmi nation with
ot her apRi-RRALLAL Sinll BEILRAP R4l tndSI8N oPmulaliftEisstdhid SndBqfeous GhERR-AffeaREUL i C
agents, radiation, etc. Selection of the appropriate agents for use in

conbi natstesile suspensipps thay cdsdneludresubgending agénts selubitiegys,dhickeningagents, art ,

accordi ng .t C ent | ' .princi . i nati on of
t her apeu ?bél?zaeﬁsé%rﬁ%& gg%s' %ﬁ{gﬁ%ﬁfé% éﬁﬁlcsa ef/lgg%me”ﬁ? %Séimf‘éﬁggp? eat nent or
pr evaNnt i piminikteiedefoy axangpls othillyphiatally t@iﬁaﬂiy,ﬁﬁtraxenglsly, intraperitoneally, or

intrathecally. The formulations of compounds can be presented in unit-dose or multi-dose

sealed containers, such as ampoules and vials. Solutions and suspensions can be prepared
from sterile powders, granules, and tablets of the kind previously described. The modulators
can also be administered as part of a prepared food or drug,

25 [184] In some embodiments, CCX-CKR2 modulators of the present
invention can be administered in combination with other appropriate therapeutic agents,
including, e.g., chemotherapeutic agents, radiation, etc. Selection of the appropriate agents
for use in combination therapy may be made by one of ordinary skill in the art, according to
conventional pharmaceutical principles. The combination of therapeutic agents may act

30  synergistically to effect the treatment or prevention of the various disorders such as, e.g.,
cancer, kidney dysfunction, brain dysfunction or neuronal dysfunction. Using this approach,
one may be able to achieve therapeutic efficacy with lower dosages of each agent, thus

reducing the potential for adverse side effects.



cancer, kidney dysfunction, brain dysfunction or neuronal dysfunction. Using
this approach, one nay be able to achieve therapeutic efficacy with | ower
dosages of each agent, thus reducing the potential for adverse side
effects. 55 [185] The dose adm nistergd to a patient, in the context of the
present invention should be sufficient to effect a beneficial response in

t he subj ect over ty4 Hfini rinS fhrdse@d) . The

opti mal dose |eveﬁ1ﬁr(r§%g°sﬁe‘i‘t | en%tég\najfbﬁd%égg%hlg&gﬁgoéﬂéx\}gﬁﬂgtpy of factors

i ncl udi nigvenkien ehiculdlacsntidiert heeffpbe béneficiabugsgonsepin tepibisgbaver fims (Bgeto body 5

wei ght, sical activity, dgdiet.of th i . '
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The si zeyagbtyldT€adis Brchidi thé tfichs daicapadifieshotiylatol Btiployed; tierape, badxt ure, and
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par t i ul weistophysisakresvity, aad diet offheipasisnt pr g passinle grakupation ¥aHy other dfESer ni nj ng

the effecti ; ; o e
e e eeﬁfd!oﬁ?lsﬁ%?%ﬂtg 08% géllrﬁ;gm?ig(gg%agé.o helseR® thkQo8d MMy B @fermimiapy Ci an nmay

eval uate cir t he nodul ator, nodulator toxicity,
and t he the existendepmatare, audtextenbofidnztadversersidebestictsshat hecognpanpy the, t he dose

equi val ent .of a, dulator is fromabout .1 ng/lkg to, .10 ng/ kg for a typical
subj ect . %‘?‘]"at’l—efiﬁécﬁ’ﬁftﬁ}‘{?f ?%’ER%H&%YF@%H %B%%@E&PBP‘%M ators of the
present inventiogquhb@etaﬂﬁﬁiﬁ'ga{e%fﬁdﬁ@tanﬁ)uhmﬁhamwmﬂoﬁeﬂbdoy the | D-50 of
the nodul ator, and the 15 side-effects of the npdul ator_ at various

conckht radmivisicredaphapigian mpy eyalusie ciseialing plasmo dyvals of theanedplyer, medulates; ect |
Adm ni sty at i npl.i-sh ' ' (Ao TV M.
COVPOSI T@%ﬁgygﬂﬁ%ﬁﬁﬂ%@% Gl PR @afinll 6 dotk %Aﬁ%lce]\lmsdt}alss] The
i nvent i omodulatei §doncaopok ng/kg sl 0 kpks faradypindlegbjatted systems for 20

Ot her agent s that &Hedpr ARG Gk HGeBT mof o b RASET on
provi des; 3SRRY caPPPRRhihisRARI b @fatd aaeﬂnﬁnéd%gctﬁe PDRSFof (RS S Slatos Wl the
conpositions can 1 nclude, for exanple, a CCX-CKR2 pol ypeptide (including,

e. g. 15 assigaeffectsf ofshecmbdylatomatiyarious coneeptrations, asrappliqdde theemassgaéovasaly. | Babcok

Bi ot cnnbFth S5 Fa” R fghtit v femenrpida M LA RIS T and -

| abel i ng reagent. In each case, the assay conpositions can also include
addi ti onHIL r cE@BROSITIONS 2KE S E8TE GRUT EDOS YSTHIVIS  NRIPROTEGMICexanpl e, the
solid support4APPDICETIONS)., a petri plate, multi-well plate or mcroarray.

o R 42 s len R ed ARG, PR3 S IE T 1Y
20  practicing the assays described herein using anti-CCX-CKR2 antibodies or other agents that
specifically detect CCX-CKR2.

[189] The invention provides assay compositions for use in solid phase

assays; such compositions can include, for example, a CCX-CKR2 polypeptide (including,
e.g., as part of a cell, membrane fractions or liposomes (see, e.g., Babcok et al., J. Biol.

25  Chem. 276(42):38433-40 (2001); Mirzabekov et al., Nat. Biotechnol. 18(6):649-54 (2000)))
immobilized on a solid support, and a labeling reagent. In each case, the assay compositions
can also include additional reagents that are desirable for hybridization. For example, the
solid support can be, e.g., a petri plate, multi-well plate or microarray. In addition,
microarrays of peptide libraries can be used to identify peptide sequences that specifically

30  bind CCX-CKR2.

[190] Agents that specifically bind to CCX-CKR2 can also be included in the
assay compositions. For example, an antibody that specifically binds to CCX-CKR2 can be

immobilized on a solid support. In some of these embodiments, the agent is used to detect



30 bind CCX-CKR2. [190] Agents that specifically bind to CCX-CKR2 can al so
be included in the assay conpositions. For exanple, an antibody that
specifically binds to CCX-CKR2 can be immobilized on a solid support. In
sone of these enbodi ments, the agent is used to detect 56 the presence or
absence of CCX-CKR2 or cells expressi nsé CCX- CKR2. For exanple, the solid
SUPPOTL 68 DkeRfhoR 6l isole e kiR btils &B&&&g@gmemr F8YexaimpflineThe

i nventi on® Al 50 provides kKits for carrying out  the assays of the 1nvention.
The Ki t ssoliy pippektican be pétriddate mutyevel] plate or miczoarrapt i body or ot her snal |

nol ecule) that 5 ci.fically binds t. ~CKR2 and |.a det ecting
the presence of tr{i& g .lnvﬁﬂ‘i°%1§°§w§esf@§|f%°ém?%‘§ ogfth%gsg So{ & chenoki ne
r ecept or jnptibReThé Iéi@ss'ry? #KhlipineRAe hsdeHO@.ca AN affibddper othering mblease)thited
above, alrrlld optionally urtyﬁer i ncl ﬁédgﬂ(gggi tional conponents such

| S
i nst riuct speei§ically hindsde CESX-L KR Zpnd erabsl fom getectingtthopressnce, ek porpt Bheal%ﬁ ef f ect
on activity. ' ' : . iaers or
corpar t gk e GG iR cRler ENGIRR leleechtE 5Pl Bt M Xan TIGIATLPUBT: 2 |
nodul at ogonffositioss fiotetiions, ad optidrially furthef inchderadditienal canmments sychasr obot i ¢
armature for mxing kit conponents or_the_like. [192] _.In sone.enbodi nents,
the kit sineEfbPRsie pEgsare éﬁ%ﬁhﬂ-ﬁm}‘ R&neﬁhﬁd%‘??éayl%%%Ba?kg?ﬁthl rﬁ?vétyl?fts conpri se
a | abel eﬂm@t‘iontcﬁggéiﬂom:r‘éke | Gielof nfoR Wt alidedy orlcoPhrtents fd.4.omald thel y, a
| abel ed or tagged I-TAC and cold conpetitor SDF-1. The | abel ed or tagged 15

chemb®i nproba heblels, orthelike), @ contrabymedulatar ofithe fimgtionenastiviey efirbemolgne ski | I in t he
art. In so enbodi ment | ' S radiol abel ed or tagged
with bi o{“."?%‘%‘gﬁ’ ag°$€‘b°o¥€§ce%f°p?ﬂ1%§§ﬁtg%r’f@?ﬁ%ﬂ@%“&‘?- or in addition, the kit
can contain an ant[192]- TAcoat atlbodimestsghskits(comprise SBR1 ami/otdsDy(¢. Irosomet ect i on

of I-TAC. The kits can al so contain the ropriate, salt puff and ot her
r eagent sCHBPAyRERLE ths KHIsCOmpESss 't‘labae‘ﬂ)?‘htagg?a@%Fs'gf}da@i%??mﬁﬁﬁﬁ?ﬂtﬁ&é Otells or
cell 20 s'i?e%%a%aﬁ’e‘ae@ofﬁg&%ﬁtm@m S8 S REihriSDF-£. The 140RRd K AERAES bel ow.
In sone aspects; the Its also conprise a solid support or receptacle for

measdif i nchemofimedambe thbelgd bntaged-ITKMPway knoyn, toithpsa opskill én the artain foore r eact i ons
conpatible w.th scintjllation. counter r ;aut onat ed pl ate eaders). I n sone
conbat o cahhimapeS ShefabelpCbhefinuB b isuela B b 8RR Bofh fre BESERER {1

nmet hods pbelt PetetnaM Gy, dtin additidnl BdlkitUas corixif ah ke 1-TADbipd@Y rék@enti(@geor at ed
systens for hi h-thrq%%ghput screening of potential nodulators for an effect

on the a8t #ufibegy)der qetastion shl-5ACpdhekits ean atsoxoniejrthe ApproRTiaivfal buffes syst ens
typicall Xrtd d?ﬁér‘f%%eﬁts i dé"?‘ a\%ﬁa@eﬁ'ﬁ\% b%:?{'as&zﬁé@%f Sh Snthdt WKk orfckpm @ source to

a destinati on, contr h contro t dbotic armature, a | abel
20 membranes. Such reagents are described in, e.g., the examples below. In some aspects, the

kits also comprise a solid support or receptacle for measuring ligand binding to CCX-CKR2
(e.g., in a plate format for reactions compatible with scintillation counters or automated plate
readers). In some aspects, the kits comprise instructions for using the kits, e.g., in the
methods of the invention.

25 [193] The invention also provides integrated systems for high-throughput
screening of potential modulators for an effect on the activity or function of potential CCX-
CKR2 modulators. The systems typically include a robotic armature which transfers fluid
from a source to a destination, a controller which controls the robotic armature, a label
detector, a data storage unit which records label detection, and an assay component such as a

30  microtiter dish comprising a well having a reaction mixture or a substrate comprising a fixed
nucleic acid or immobilization moiety.

[194] Optical images viewed (and, optionally, recorded) by a camera or other
recording device (e.g., a photodiode and data storage device) are optionally further processed

in any of the embodiments herein, e.g., by digitizing the image and storing and analyzing the



detector, a data storage unit which records | abel detection, and an assay
conponent such as a 30 microtiter dish conprising a well having a reaction
m xture or a substrate conprising a fixed nucleic acid or inmmobilization
noiety. [194] Optical inmges viewed (and, optionally, recorded) by a canera
or other recording device (e.g., a phoOtodi ode and data storage device) are
optionally furthe roc } ny. . I .her el e.g., by
digitizi 8P AR 2 ﬁﬁeegn‘g%éﬁ%yP#g%"é["%mgfr%%@?ﬁ?%de@%&fl I%Slgt agtrll a conputer.
A vari et soffareio avatiabledbt digitiehnig| stodiny spdahglimingd digitiviet wiled ondigitizedbiitival e 1 s
avai l abl e for digitizing, storing and analyzing a digitized video or
digitize¥a8ptical inage. 5 EXAMPLES Exanple 1: [195] This exanple shows
that SDF-1 and |-TAC conpete for binding to a new chenokine receptor. 10
Mat erial s and Methods. [1961 Reagents and Cells. Human, viral and nurine
reconbi nant chenoki nes were obt ai BEAMRIFHS R&D Systens (M nneapolis, M\) and
PeproTecE ;Rgcliy HIll, NJ) where indicated. 125 |-|abeled SDF-1 a was

pur chased® er ki nEl mer Life Sciences, Inc. (Boston, MA) and 125

| -1 abel ed |-TAC \Aﬁmﬂbt’mﬁgmmfplmmasml kbd PTCeshsotSlopbindlng to a

(Bucki nghanshi re, UK). Monocl onal antibodi es used in flow cytonetry and

| i gand bhewichegpokdepeasPtoron were from R&D Systens (M nneapol i s, X
anti-CXCR4 clones 12Gb, 44708. 111 (171), 44716.111 (172), 44717.111 (173),
nm g&a, and nm g&b. The secondary anitbody, goat anti-nouse |1gG PE

conj t@at Matégals iwed Metbodsot ech, M ami, FL), was used to detect antibody

bi ndi ng by flow cy try. The | lowing cells were 20 oht.ai ned fromthe
Anerican Type Cul t[aggeé%g%w%&lkhﬁﬁ?gﬁs‘f“ ¢mwr‘?°°r?%fﬂﬂﬁocarci nong;
manmmary  gheditine J¥Brired RRITY S diéphd MBneapBIEYMN) AldargoTeciMRORB- 435S
(duct al g%r cl no?rgé;g%rrarrrrar ]ﬁ((gﬁand) , WDU 4475 (gglmrary o] ang), ZR 75% (duct al
car ci nondjll, iIwhery inticatet) , > HibeRa SDFRLaweas pandhnagedrfrom Rertin®her IHifd V- EC- C
(hurman unbilical vein; vascul gr; endothel i um normal). CEM NKr (acute

| ynphob! Seignces, Z8e. (B A) andr | JHiabeled I5TAfo was Pbtaiped et Amershana| | s wer e
bt ai, ped . i , Cel |
PP ot vop b Bodh (ol BinRaL Ok, MRSy ERmbotiRaegal 1ol GRRARY PPl 00e
fetal bowidiganebiadingBipelibr(hen ErohrRAD, Sykns Mirkiepolis, BN) humiCXCRad
I ncubator, at B aagn Tt A4S 1T HIB PR R A, Petda Tl omichsar cells

The secondary anitbody, goat anti-mouse IgG PE conjugate (Coulter Immunotech, Miami,

FL), was used to detect antibody binding by flow cytometry. The following cells were

20  obtained from the American Type Culture Collection (Manassas, VA): MCF-7
(adenocarcinoma; mammary gland), MDA MB-231 (adenocarcinoma; mammary gland),
MDA MB-435s (ductal carcinoma; mammary gland), DU 4475 (mammary gland), ZR 75-1
(ductal carcinoma; mammary gland), HEK 293 (human embryonic kidney), HUV-EC-C
(human umbilical vein; vascular endothelium; normal). CEM-NKr (acute lymphoblastic

25  leukemia; peripheral blood; T lymphoblast) cells were obtained from the NTH AIDS Research
and Reference Reagent Program. Cell lines were cultured in DMEM (Mediatech, Herndon,
VA) supplemented with10% fetal bovine serum (FBS) (HyClone Logan, UT) at 37°Cin a
humidified incubator at a 5% CO»/air mixture. Human peripheral blood mononuclear cells
(PBMC) were obtained from buffy coats of healthy donors (Stanford Blood Center, Palo

30  Alto, CA) by centrifugation on Ficoll-Hypaque density gradients. Isolated PBMC were
activated with 2.5ug/ml phytohemagglutnin (PHA) (Sigma Chemical Company, St. Louis,
MO) and 10ng/ml recombinant human IL-2 (R&D Systems, Minneapolis, MN) for 3 days in
RPMI-1640 (Mediatech, Herndon, VA) supplemented with10% FBS at 37°C in a humidified



(PBMC) were obtained frombuffy coats of healthy donors (Stanford Bl ood
Center, Palo 30 Alto, CA) by centrifugation on Ficoll-Hypaque density
gradients. |Isolated PBMC were activat ed with 2.5ug/ M phyt ohemaggl utnin
(PHA) (Sigma Chem cal Conmpany, St. Lo MO) and 1Ong/ ml reconbi nant human
IL-2 (R&D Systens, M nneapol s, MN) foFi 3 days in RPM-1640 (Medi atech,
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(MicroScint 10, Packard) was added to the wells, and the filters were counted in a Packard

Topcount scintillation counter. Data were analyzed and plotted using Prism (GraphPad Prism
version 3.0a for Macintosh, GraphPad Software).

25 [198] Determination of '*’I SDF-1a Receptor Binding. Using the filtration
based assay described above, cells were pre-incubated with either 1) buffer alone, 2) excess
SDF-1pB (90nM final) or 3) MIG (175nM final) as indicated for 30 min at 4°C. Following this
incubation the indicated cold chemokine competitor at stated concentrations and '*’I h I-TAC
were added to the binding reactions. All assays were then incubated, harvested and analyzed

30  as described above.

[199] RT PCR. mRNA was isolated from cells using standard techniques.
Complementary DNA was analyzed for the expression of CXCR3 and CXCR4 by PCR.
Specific primers were obtained from Integrated DNA Technologies (Coralville, IA). Specific



I ncubation the indicated cold chenokine conpetitor at stated concentrations
and 1251 h I-TAC were added to the binding reactions. Al assays were then
i ncubat ed, harvested and anal yzed 30 as described above. [199] RTPCR nRNA
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undertook to evaluate the expression of CXCR4 on several human breast tumor cell lines.

20  Initially the pattern of CXCR4 expression was evaluated by flow cytometry. Primary IL-2
cultured T lymphocytes and two T cell lines, CEM-NKr and Jurkat, were examined to
determine the T cell phenotype of anti-CXCR4 staining. Three breast tumor cell lines, MCF-
7, MDA MB-231 and MDA MB-435s, were also tested. All four anti-CXCR4 clones tested
stained T cells. Surprisingly, while breast tumor cells are reported to express CXCR4, the

25  widely used clone 12G5 did not detect any CXCR4 on the breast tumor cells. Weak and
variable reactivity was detected with the three other clones tested on the breast tumor cells.
The breast tumor cell lines DU 4475 and ZR 75-1 were also tested in this assay (data not
shown) and found to have similar antibody staining profiles to the other breast tumor cells
tested. Thus, the staining patterns of the mAb panel for CXCR4 seem to suggest two distinct

30  types of reactivity: a “leukocyte” CXCR4 phenotype (exemplified by CEM-NKr, Jurkat and
IL-2 lymphocyte staining) and a breast tumor cell phenotype (exemplified by weak staining
on MCF-7 and MDA MB-231 breast tumor cell lines).



The breast tunor cell lines DU 4475 and ZR 75-1 were also tested in this
assay (data not shown) and found to have simlar antibody staining profiles
to the other breast tunor cells tested. Thus, the staining patterns of the
mAb panel for CXCR4 seemto suggest two distinct 30 types of reactivity: a
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(Figure 1). As expected, the potential high affinity competitors of I SDF-1a on CEM-NKr

include hSDF-1f and mSDF-1, while h\SDF-10 and HHV8 vMIP-II exhibit potential

moderate affinity competition. This is consistent with all previously reported results of SDF-1

%

as the only non-viral ligand for CXCR4. However, the overall pattern of competition on

25 MCF-7 cells was markedly different. In this cell type hI-TAC and mI-TAC demonstrated
high affinity competition for the same signature ligand SDF-1. To further investigate this
unusual result '2°I I-TAC was tested as the signature ligand on MCF-7 cells (Figure 1). The
high affinity displacement profile using ‘*’I I-TAC on MCF-7 was identical to the profile
obtained using I SDF-1c. Thus, on MCF-7 cells I-TAC and SDF-1 behave

30 indistinguishably in binding and compete for the same receptor site.

[204] To characterize further the binding of I-TAC and SDF-1, dose

response curves were obtained in competition binding experiments with selected potential
high affinity ligands on CEM-NKr and MCF-7. As suggested by the DisplaceMax™ data, I-



unusual result 1251 |-TAC was tested as the signature Iigand on MCF-7 cells
(Figure 1). The high affinity displacenent profile using 1251 1-TAC on
MCF-7 was identical to the profile obtained using 1251 SDF-la. Thus, on
MCF-7 cells |I-TAC and SDF-1 behave 30 indistinguishably in binding and
conpete for the sane receptor site. [2841 To characterize further the
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inhibited (Figure 3) suggesting that the observed '2’I I-TAC binding on breast tumor cells is
mediated by the SDF1 receptor expressed on these cells. Similarly, 12’ I-TAC binding to

MCEF-7 cells was ﬁot inhibited when IP-10 was tested as the cold chemokine competitor.

Again, pre-incubation with excess MIG did not effect this binding profile; however pre-

25  incubation of the cells with SDF-1B completely inhibited °I I-TAC binding. When the
CXCR3 ligand MIG was tested as the cold competitor °I I-TAC binding to the cell was not
inhibited (Figure 3). As expected from the DisplaceMax™ data represented in Figure 1,
SDF-1p competed with 2’1 I-TAC for binding to these cells with high affinity (IC50 of
1nM). Pre-incubation of cells with excess MIG did not effect the SDF-1p/'?°I I-TAC

30 competition, again suggesting the binding detected is not mediated by CXCR3.

[206] This hypothesis was examined further by PCR. Isolated mRNA used
previously (describéd above) was used to probe for evidence of CXCR3 transcripts. While,
IL-2 cultured lymphocytes expressed CXCR3; no other cell tested expressed CXCR3. The



CXCR3 ligand MG was tested as the cold conpetitor 1251 |-TAC binding to the
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inhibits %I SDF-1a binding to CEM-NKr with an IC50 of 106nM (Figure 5), but does not

inhibit I SDF-10. binding on MCF-7 cells (Figure 5). These two compounds reveal the

marked and unambiguous pattern of non-reciprocal binding inhibition of ligands to the two
receptors (breast tumor lines vs. leukocytes).

25 [209] After initially determining that breast cancer cells exhibit a binding
affinity for SDF-1 which is distinct from that seen on other non-tumor or non-cancerous
tissue further studies were undertaken. These phenotyping studies (using antibody reactivity,
ligand binding profile and pharmacologic discrimination, see methods detailed herein), have
clearly shown that many cancer (or tumor) cell types also exhibit the binding affinity (e.g.,

30  antibody reactivity, ligand binding and pharmacologic discrimination) initially correlated
with breast tumor cells and thus CCX-CKR2 expression. The following tumor cells were
examined and exhibit the cancer-correlated binding affinity: human ovarian carcinoma,

human cervical adenocarcinoma, human Burkitt’s lymphoma, human mammary



25 [209] After initially determ ning that breast cancer cells exhibit a
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the SDF-1 recepiprt}i s SDPaldinthKaspdysiridiolabdlel ManASIIRN WpRisWe B 3 Ftdl
correlated wth cancer cells and have now denonstrated to be CCX- CKR2.
FAO hdivebeealls andiotndRF and I-TAC (mouse and human proteins) are able to compete with the
radiolabeled tracer for binding. This altered ligand specificity as exemplified by I-TAC
binding to the SDF-1 receptor is a hallmark of the binding phenotype we first correlated with
cancer cells and have now demonstrated to be CCX-CKR2. Furthermore, CCX-CKR2
antagonists are able to compete with SDF-1 binding on E13 fetal liver; however CXCR4
25  antagonists do not.
[212] Later in development, fetal liver cells at E17 express CXCR4, and
these cells respond to SDF-1 by mobilizing intracellular calcium. CXCR4 antagonists inhibit
this SDF-1 mediated calcium mobilization however, the CCX-CKR2 antagonists have no
effect. Thus, these data suggest that wildtype fetal liver cells at E13 and E17 both express
30 CXCR4however, CCX-CKR2 is expressed early (E11) but not at later timepoints (E15).
[213] Although the binding studies in embryonic mice models correlate well
with data from human studies, preliminary experiments using mice which have a targeted

disruption of the CXCR4 gene suggest that the SDF-1 and I-TAC binding profiles observed
on embryonic day 13 (E13) fetal liver cells are unchanged. This provides further evidence



ant agoni sts are able to conpete with SDF-1 binding on E13 fetal Iliver;
however CXCR4 25 antagoni sts do not. (212] Later in devel opnent, fetal I|iver
cells at E17 express CXCR4, and these cells respond to SDF-1 by nobilizing
intracel lular calcium CXCR4 antagonists inhibit this SDF1 nediated

cal ci um nobi | i zati on however, the CCX-@R2 antagoni sts have no effect.

Thus, these data suggest that wldtype fetal ]i |l.s at.E13 and E17 both
expr ess{ﬁéﬁgﬁﬂaﬁﬁﬁ%g&/ FPO%@%@%t& @%ﬁ‘?r'e@]gj@g\é?gf fgl E’tgl#ﬁ‘b‘ (A8t at later
ti mepoi gkgrR4ELS5). 1213] Al t hough the binding studies in enbryonic mce
nodel s correlate well _w th data from human st udi es'i Erel imnary experinents

usi ng m ce whi ch [ktle Experinents else demenstipie thah theCGHr gepierfansyggest t hat

t he SDF: : [Walal tlwuﬁl% e g,ﬂpég hie cH3yMn 13 (EL3)
fetal IP%E@%SW@&@EI%E%%&@& |§9égrgb\?}iglers(:%rct er%\%ﬁgnce 64 that the
genes engends myolvhdimmellyeyelp br ttenseriptiontih eespanse ¢ SDE] 1 astipuhldbior- Marebi ndi ng

affinity is not..CXCR4 214 riments. al so de strate that the CCX-CKR2
et olROEA i EATPECels off Y S gt Gl e GV ey PERIG o BUtreuER runor

cel I's CagbpitRisqestl fthh) ORhéPSIDF-13s SRIRE %o &@Fﬁn}éﬁﬂhésﬂ caRtires e GERs 6 able to
transcrlptpl on in response to SDF-1 stimulation. Mre inportantly, if tunor

cel | s aresowr fowethe sirrvabenan compered e priresied cantgnls. Thae $DBelgtharefase sgsveshr ough
apopt Osﬁssan( I-alp gtgﬁégi al. er _%re'oﬁpr?gﬁlﬁ t&%eéyso&hlgﬁﬁ?ﬁadx;ehgs?ﬁneCU| tures the
cel|'s afeaprery t eBover Trom e Srarvatln as conmpared to untreated
cont ol sbilithho anddoko dpoploeisef ore serves as an anti-apoptotic signal. Cancer
cells are often characterized as cells that have |lost the 10 ability to
undergo apoptosis. Exanple 2: [2151 This exanpl e denonstrates that the
cancer-rel ated bindi ng phenotype discussed in Exanple 1 is nedi ated by

CCX- CKRgy 451891 ousl y known as the orphan receptor 15 RDCl). [2161 In

gener al - is preferentially expressed on transfornmed cells. As

di spl ayed in Tabl[@1%] (Thef examplademonstzatesdhitdéhecanéeraelfed bodingphenatypacel | s
tested positive_ for, expressi - - ont ras st _nor mal

(non- + uffgrisedif Peagbly B3Rl By S Rk s iady BB AS e FRRARREH urm) . 20
Tabl® 1ROCH.CKRZ2posltive (;(;A-cKrcz negative human Mammary Carci noma
(MCF-7, MDA MB

[216] In general CCX-CKR?2 is preferentially expressed on transformed
cells. As displayed in Table 1 (left column), a variety of different cancer cells tested positive
for expression of CCX-CKR2. In contrast, most normal (non-tumor) cells did not express
CCX-CKR2. See, Table 1 (right column).

20 Tablel
CCX-CKR2positive LCUX-UKRKZ hegauve
human Mammary Carcinoma (MCF-7, MDA MB
361) ' normal human PBMC
human Glioblastoma (T98G) human T cell leukemia (MOLT4, Jurkat, CEM-NKr)
human Prostate Carcinoma (LN Cap) unstimulated endothelial cells ‘
human B cell Lymphoma (Raji, IM9) mouse thymus
human Ovarian Carcinoma (HelLa) mouse lung
human Lung Carcinoma
(A549) mouse spleen
mouse Mammary carcimoma (4T1) mouse heart
mouse Pancreatic Epithelial cells, SV40 transformed (SVR) mouse PBL
mouse B cell Lymphoma (BCL1) mouse liver
mouse total adult bone
mouse normal kidney * marrow
mouse normal mouse lineage negative adult bone
brain * marrow
mouse fetal liver (E11 through E13) mouse fetal liver (E15 through birth)

activated endothelial cells

* expression on these organs is weak as determined by radioligand binding signal



361) normal human PBMC human G i obl astoma (T98G human T cell | eukem a
(MOLT4, Jurkat, CEM NKr) human Prostate Carcinoma (LN Cap) unstinul at ed
endot helial cells human B cell Lynphoma (Raji, |M) nouse thynmus human
Ovari an Carcinoma (HeLa) nouse |ung huyman Lung Car ci nona ( A549) nouse
spl een nouse Mammary carci noma (4T1) use heart nouse Pancreatic

Epi thelial cell's o SYdReld ARRLOMIRISealB33 1H8lor COMSEXR) ldnd y MDhOME

(BCL1) nouse liv use tot nouse nornmal ki dney marrow nouse
nor mal nopusleells. TErRGRCKEIR2 eeemolib expressed foba penipd-ofitime invietsbuse fetal |iver

(EI'l thyough E13 f.et al El 5 throu ) tlvated

endot h égpfﬁ%‘}ﬁ bcg%@%é? ?}?Pr?ﬁe(ﬁ?e‘g%us&f?jar}% 191%‘/% 1& ter m ned by

radl ol 'a?d% h&ﬁl(@@lﬁbﬁt@ﬂ@ix1sb313ﬂge}\@etwtédr(eé @aanuﬁéaﬂf}eradl@%ela@pear to be a
role for i n some normal cells. The CCX-CKR2 recept or is expressed

for 5a ;fé)ﬁ“lddnobﬁg @IlChTeTAﬁ displagementbasovel haneGle X-CEBR eppeoripts defgeipdB¥ed on nouse
fetal | ar
| onger iiHert dglyR M s mBlse EHMRARR il rmtidrley, Bl cotbalomioldle 12 10

di spl aqamwyte)(pxaesmgtﬂerﬁs 19X e BRidnrianenmal pragn. dédcautedhe bgmnmmonhsar n

analy5|s In t dult nouse. it ex ssed _in .nor ki dne < By conpari son
to the %F&H@y” é’é‘é%oﬂlr‘?ge’ialtli'érﬂé‘s ?‘E’V ’Flgwg @’sﬁag‘ﬂ%lnﬂ S prain.

Becaus o, Bgiem*at a{‘ﬁﬁdlpﬁbphfanoﬂ@ﬂ&ll‘é\ﬂlﬂ fhe B @cpbersaih d@{remuat es this I ow

signal 1 n the radioligand binding assay is_ consistent with a small

popl ation of cell2®8li ﬁomebbalﬁwr@xmlégmeméc@@fxcmm on paneg, WFo further

bol ster,the evi ce g that
cancer J£g19ps 'ﬁart%(ﬂf’ cg%%erﬁgfpgrﬁgéggﬁrxso&%&gé&% gon mWWI i cancer
cell's. Ans. agﬁuag@mlﬂbfccx@&Rzeemsseeemdmmmyrmmmaegra@mm a CCX- CKR2
ant agoni st i nhrbited ceII fgrollferatlon in vitro, eﬁa&]{séreated nvitro
exhi b| ra¢peprigtisbiitedeall profifsipan Byeroy Cells tzrated dppiogahibifed Fdreedicell cont rol s.

See, %U&r& Srer thme bedothpatddto diRaté FeddtrSR, kb, elgeeds.i n adhesion. Leukocyte

mgrati
15 [219] CCX-CKR2 is also involved in adhesion. Leukocyte migration

involves several steps including the adbesion of cells and subsequent emigration into a given
tissue. In vitro static adhesion assays model this event. Monolayers of vascular endothelial
cells are grown on a surface. Cells expressing CCX-CKR2 are then labeled with a fluorescent
dye for visualization. When CCX-CKR?2 cells are allowed to adhere to the endothelial
20  surface many more CCX-CKR2 expressing cells attach to the endothelial layer than do a
CCX-CKR2- cell control. Furthermore, the addition of a CCX-CKR2 antagonist inhibits the
adhesion as compared to a vehicle-treated control. See, Figure 7.
[220] In vivo evidence further supports a role for CCX-CKR2 in tumor
growth. Tumors form when human B cell lymphoma cells, which express CCX-CKR2, are
25  injected into immunodeficient mice. Treatment of these mice with CCX-CKR2 antagonists
inhibited vascularized tumor formation. In one such study, 1 of 17 mice treated with a CCX-
CKR2 antagonist developed an encapsulated, vascularized tumor while 11 of 17 mice in the
vehicle treated group developed encapsulated vascularized tumors. These data suggest that
CCX-CKR2 may be involved in the ability of a tumor to differentiate and establish a vascular
30 bed and provides evidence that antagonism of CCX-CKR2 is a useful cancer therapy.
[221}) The effect of antagonism of CCX-CKR2 was also tested in a breast
cancer model. In a model of breast tumor growth, immunodeficient mice were injected with
a human mammary carcinoma. Tumor measurements were made 3 times a week and
volumes were blotted. Mice that were treated with a CCX-CKR2 antagonist exhibited



i nvol ves several steps including the adhesion of cells and subsequent
emgration into a given tissue. In vitro static adhesion assays nodel this
event. Monol ayers of vascular endothelial <cells are grown on a surface.
Cell's expressing CCX-CKR2 are then |abeled with a fluorescent dye for

vi sual i zati on. When CCX-CKR2 cells are allowed to adhere to the endotheli al
20 surf Furs Qﬁﬁgr o fimethencokhel i al

| ayer tﬂ%ﬁ é(}g@%m&gcx_ CKR2- cele%)f@g%?r%gﬁeg c%ﬁt!rrélh%g&r?toragﬁ l%sﬁae‘ addition of a
CCX- CKR2CKRZdgoatale in mimobgtowth. hiee, Eigms$i on as conpared to a vehicle-treated
control. See, Figure 7. [226] In vivo evidence f rther supports a role for
CCX-CKR2 in tunmor growth. Tunors form when human B cell |ynphoma cells,
whi ch express CCX-CKR2, are 25 injected into i munodeficient m ce.

Tr eat menExample Bese mi ce vvith CCX- CKR2 ant agoni sts inhibited vascul ari zed

tunorformation. | &Bn@ﬁl&% Iéc}(ﬁgfoﬁg Wb v CKR2
ant ag%ni st devel oplg'é an encapsu ! at og&&é\?%st%eﬁtldg}?@ o+ P% 11 o 17 mce

in the wditiagepdptasist ed group devel oped encapsul ated vascul ari zed tunors.

These dat t | th lity of at
toezsf f 2r faln;5 :Jgtg gs égﬁgpgm0§g??%§%vﬁggh?rg9ﬁ%%5§a€%%e rg?ﬁ% :§§I 83. genge ;J Eg{
ant agoni gy Q,%ss ndefisufin &ﬁfabéllu@é@mefunims&mﬁon ah@2dmotigs. ef f ect  of

ant agoni sm of ~ CCX- was a so tested in a breast cancer nodel. In a nodel
of br easHowgwr chocmu dpesnoh prodngecd tEansient caloiune mobjlizpten Q,fcpametqqlls ® human

wor o 1B obeate i BporpH P ls SRASYCREPEA 5r LREE1 DAl iERe SOOI, bit o o6

reduced howeier edtibifhceasadadhesionto tictiviated evédtheliadceibmbdnaldyegy. digpthemlemgnst r at i ng
t hat CCX- R2 has a_role in tunor.growt Se Fi : anpl.e .3 5 [222]
This exa 6‘5&%‘?&5@ %gewmggpp@@%g@ E r‘?ﬂf"é@“&?gi Qﬁr%/%%‘ingaﬂff educi ng
apopt osi g h?%@%) éﬁeﬁamwwlﬁvetaaﬁéeﬁ%dmhﬁ ry@wsﬁlhairgdeht&efo&@@@tors are

typically assesse by nedsuring intracel ci um nobrlization and
chenot axCKR2- NInAWMB 4380 ransferanty designated 5%@&@23635 $)aiesue patrapsfeeted WT

nmobi . Lzat | { e s CXCL12

or cker 4 Gl ¢ Cofuert R el o RIBT et eeb BB s on
to acti V&ieadpﬁﬁai@itmellmaédmhkhemwﬂm@m much gidark fﬁiﬂWT vet$islE@CXCOKRRt i ons of

| ow serum suppl enment ati on of the culture medium (i.e._1%.instead of the

regul ar Fengfectantie Thacefiest soult quhaﬁh@r%mer@wsglgahq RNAigteralaiiag dy&vas much
greater hay &m%&?ﬂwh@%ﬁ?d@é%ﬁﬁ?@%%ﬁﬁ@&&&&%@%&%%%& 435s)

versus untransfec
grown in different serum concentrations, then harvested and incubated with 7AAD (1 ug/ml

20  in DMSO) for 15-30 minutes at room temperature. FACS analysis revealed many more
dead/apoptotic cells (i.e. 7AAD-positive) in wild-type 435s cells versus CCX-CKR2-435s
transfectants.

[224] We have now extended these findings in a series of experiments where
cultured CCX-CKR2-transfectants or untransfected WT cells are co-stained with Annexin

25  which detects only apoptotic cells, and propridium iodide (PT) which detects dead cells but
not apoptotic cells. This approach readily identifies the proportion of apoptotic cells in a cell
population, as demonstrated using agents known to induce cellular apoptosis, e.g.
camptothecin (CMP), or TNFalpha plus cycloheximide (CHX), and which provide excellent
controls in these assays.

30 [225] Using this assay, we measured the development of apoptotic cells over
time of CCX-CKR2-435s transfectants or wild type 435s cells grown either in optimal (10%)
or limiting (1%) serum. Both cell types grown in 10% serum showed excellent viability over
a 4 day culture period. In contrast, WT cells grown in 1% serum showed a dramatic



15 cells (WI 435s). Consistent with this observation, the frequency of dead
cells recovered in the supernatant collected fromthese cultures was much
greater for WI versus CCX-CKR2- transfectants. This effect could be

vi sual i zed fluorescently using the .intercalating dye 7AAD (7

am noactinonycin D). CCX-CKR2-435s transfectants or wild type 435s cells
were gr 4 n.differ L O I i I ncubat ed
7 AR e o s ur . PACS
anal ysi srevealaizthindefierted dewelepmets afibeth epapotoicansiedend cglls. dnterestiBly, 66%-i ve) in

w ld-typg_4355.cells versug, CCX- CKR?- r.an S ave now
ext end edeﬁil‘g's‘1 5% selgisryE ﬁnﬁl @sw%g%w%dﬁeig%gﬁ Yl%ﬁbgov\?vﬁ@ % gam{s: é ﬁ?’h ?‘%@I@

CCX- CKRZpérfoﬁ,ns‘ﬁ%g@sﬁﬁ? it B intFdduetinf FOCCRR2Ge(0l 4358 potestedthat belth fiint h Annexi n
25 whi ch detects only apoptotic cells, and propridiumiodide (Pl) which
detecis @ea@nteqllmbrbmptomvccarﬁﬁsﬂlaéqre%f@'il?@.Of?‘Fh-gP SEHEh readily

I dentifi roportion of apoptotic cells in a cell population, as
denonst rg'@g%gﬁg@%g&agent s known to induce cellular apoptosis, e.g.

canpt ot heci n (CVP)[226]r Ideédfmhlybsultp méss abjaitedhierisedodd exi@irdfent uging thisarhe pr ovi de
excel l en trols-in these assays.. 30 [22 Using .t hi SSay e easur ed
t he deveft-:g&f'v@?rf&b"ﬁg%l% etg,faing a{’,‘%}nl %%WBPSEW%H%'C@P@Q&%@S%F FSf ect ant s

or W ld {ecttd WthicCCKSCRROWIh&lait &9 Esults irdiate@@hat mecwfﬁaftogg-sbarmgtﬂrdwn& 19

serum Both cell types grown in 10% serum showed excellent viability over a
4 day0 cubf the initisd elopal transfeetant resdted from CEX1GKRY expression 1atherdhand Rartisld a
dramatic_6. .. i ' Labl ells after 3 and 4 days of culture.

Co- st ai ni‘lbn%ratvl\é;lfﬁ“ﬁ%tr?glgidrﬁﬂg%%&gfﬁngeveal ed this refl ected devel opnent of both
apopotoi ¢ and dead cells. Interestingly, CCX- CKR2-435s cells grown in 1%
serum shgowed excellent viability over the sane 4 day culture period,
suggestiﬁéﬂﬂ%\z the introduction of CCX-CKR2 into 435s protected these cells
from5 the rapid cpbulBiis sRAMOENonSEEsI thit TCXUTKR?2 wedialed pRatphétylation _
sub-opti mal serum supplenentation. [226] ldentical results were obtained in
a sedtdndobpddétZ MARK iRKlandBRIEAme  CCX- CKR2- 435s transfectant, and in

addition a separat 5 . Ropul at. f.4 . .1 rans wth
CCX- CKR2. The | att@%gfre}%@(&ﬂ R (Euélfsg‘%il r?%%rﬁéﬁg%g{llg%dg{gs@g?foﬁgf‘%?operty
10 of thgr §DF1)idaks adt@esalt it BRIt of AR aat fsitgitdloRmatfehemiohir@SSi on
rather than a particular_ aberration of that one transfectant ¢l one. Exanple

4 [227] TSPRIOEx A RiSIPEOTRIES AR eYalyatien phother posentipdiuenaling pathways peluABEM at i on
investigation into whether CCX-CR2 activity was mediated through ERK phosphorylation.

20  Experiments conducted with lysates from a MCF7 cell line expressing CCX-CR2 that was
stimulated with either ITAC or SDF1 demonstrated that there is a ligand-dependent
phosphorylation of ERK1 and ERK2 (sometimes also referred to in the literature as p44/42
MAPK). Phosphorylated ERK1 and ERK2 was detected by Western blot analysis, with
lysates from the MCF?7 cell line initially subjected to electrophoresis to separate proteins in

25  the lysate. Phosphorylated ERK1 and ER2 on the electrophoretic gel were detected by
probing with antibodies specific for the phosphorylated form of these proteins. These
antibodies are available from Cell Signaling Technologies of Beverly, MA.

[229) Similar experiments were conducted with Hela cells expressing CCX-
CR2. The same results were obtained when these cells were stimulated with either ITAC or
30 SDFL
[230] Since ITAC and SDF1 bind to other chemokine receptors, e.g.,
CXCR3 in the case of ITAC, and CXCR4 in the case of SDF1, it was important to consider
the potential contribution of these receptors to the ERK phosphorylation induced by these
ligands in MCF7 cells. FACS analysis of MCF?7 cells using antibodies specific for CXCR3



15 of p44/42 MAPK (ERK1 and ERK2). [228] CCX-CR2 is an unusual receptor in
that ligand binding (e.g., by I TAC or SDF1l) does not result in the

nobi | i zation of calciumthat is typical of many chenokine receptors. This
pronpted an eval uation of other potentgal signaling pathways, including an
I nvestigation into whether CCX-CR2 activity was nedi ated t hrough ERK

phosphor ' ' bkslonl MERY @811, ITRitive Maidlcel | 1 ne
' @R revEiled X BEpIERAbSEnEONHEE féboliotsibn e

expressi ng stinulated with either | TAC or SDF1
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obt ai ned ,when these cells were stinul.ated . w th egither | TAC or 30 SDF1.
[230] Si ARROTSH D ncdiste tegpmiaton Qb °8’ﬂ’e?ﬁ8‘1&eﬁ8h?eé%’é“§?8’r"s, e.g., CXCR3 in
the case of ITAC, and CXCR4 in the case of SDFlI, it was inportant to

.consider the potential contribution of these receptors to the ERK
phosphor ¥kampled i nduced by these ligands in MCF7 cells. FACS anal ysis of
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these experinents uld bind these receptors,. The hus. | ndi cate t hat
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activation of additional downstream conponents. The fi ndlir%glthat CCX- CR2

nedi &% es wetesopiparsg tosupermatasts cotleqridrona wald e MPAMEA s (4394} cellsx- CR2 i s

associ ated,wi.th.a vaki i ' S .

oo phor STAPA by bt B Ks RheclleAbPBE et OF ERSSTAT B Sordibroteing,
gr ow h ansts(belldhe)@i'ésﬁilﬁlg €|nﬁ¢-€KiRZIprodkﬁedfs®§tad1tﬁll5 gheaBet lquditities eﬂ@](;riaCSF, f
enmonstrates that c ar expression of CCX- CKR2.. causes | nduction o
nuner ous RASTRRSA ST Lo B0 e WSS st VRR ¢St GePeSi30y Sk eroun

| nvest i gghden Amétn seHRP coHfafticab S thterestingly, all these factors have been reported to be

20  involved in growth, vascular remodeling and chemotaxis related to tumorigenesis. They may

also be involved in the apoptosis-sparing phenotype of CCX-CKR2 described above.

Example 6
| [233] This example demonstrates that siRNA-based inhibition of CCX-

25 CKR2.
[234] We obtained SMARTpoolTM siRNA (Dharmacon) specific for either

CXCR4 or CCX-CKR2. SMARTpool™ siRNA is a pool of four different siRNA sequences,
each targeting a different region of the specified mRNA. These siRNA pools were tested in
HelLa cells. CXCR4 expression was assessed by 12GS5 or 173 Mab staining and FACS, while

30 CCX-CKR2 expression was measured in a binding assay using 1251 SDF1. CXCR4 is
expressed on HeLa cells in a conformation that does not exhibit detectable 1. sDF1
binding, thus allowing for detection of CCX-CKR2 expression. CCX-CKR2 SMARTpool™
siRNA (25-100 nM) effected significant (>50%) inhibition of >°’I-SDF1 binding, while



signalling events, supernatants collected from CCX-CKR2 transfected MDA MB
435s cells 15 were conpared to supernatants collected fromw | d-type MDA MB
435s (435s) cells, evaluated by specific ELI SA assays for the presence of a
| arge famly of secreted proteins. Aé\ﬂ;s cell s expressi ng CCX- CKR2 produced
substantial ly greater gquantities of RANTES, MCP-1, TIMP-1, and MWP3
than w | ™ SRNGS I Az UM
conditi oﬁ%&g& eres {}(ﬁgl Y, ﬁsﬁhgséﬂ?lgﬁ%ggkﬁg{%btﬁgﬁﬁdégg% tce%m-t o be 20
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1251 -SDF1 binding, thus allow ng for detection of CCX- CKR2 expression.
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adti Hfon, e Tol | daPnglt SRR A e SEeiOior CERTKES WAL bt -G or s

bi ndi ng when i nt rO[QBrc]ecchmmislapmseaoﬁamrrgermmbaroﬁumorlcemlm uutm:M 5

si RNA #1: GCCGITCCCITCTCCATTATT RNA #2: GAGCTCA GCAAQBWCATT si RNA #3:
GACATCA | to thg Ttisnprfiomes rgsva%r By e demeryationn
expreSS' @F%ﬁrarmcére ohrﬁdlﬁm a&ﬁ%ﬁée&%s@ﬁ@cﬁcmr%éﬁén@n a large
nunber r cel Ines, but 1n few normal tissues. One exception to the

latter pﬂteSceobsewatqur ipwitd bybrislizatio st;iénmwstermtfpmmedr usmg:a GGXF@(-BE-@phcdi;: t hat

brai n.cel | m normal .adu ressed 0.ex t hese
obeehyat PSS PRRBRHT eiRh PLPC R FERZ SRRERRE Sl s oy, PRt wi
CCX- CKR2 c&lb%féklfﬂo@n normal adult mice, and fixed with 4% PFA in PBS overnight at 4°C, followed

by 30 % sucrose in PBS overnight at 4°C. Tissues were then embedded in OCT, cut in 20

um slices, then collected on superfrost plus slides. For in situ hybridization studies, antisense
and sense riboprobes were prepared by in vitro transcription, respectively, with T7 and SP6

20 RNA Polymerase using DIG cRNA labeling kit (Roche) after linearization. The 20um
cryosections were fixed in fresh 4% PFA, followed by protease K treatment (2ug/ml for 20
min at 37°C). The slides are pre-hybridized at 55°C for 1 hour, and then hybridized at 55°C
O/N in sealed containers. Slides were then washed with 50% formamide, 5x SSC pH4.5 and
1% SDS at 65°C, followed by blocking with 5% sheep serum for 1 hour and incubation with

25  1:1000 anti-Dig antibody in 1% sheep serum for O/N at 4°C. Slides were washed with
TBST, and detected with NBT/BCIP.

[238] The results clearly demonstrate strong expression of CCX-CKR2 by
neurons within the cerebellum, hippocampus and cortex. There is little or no detectable
expression in areas that contain glial cells such as the white matter tracts in the cerebellum,

30  and the corpus callosum. Purkinje cells showed uniformly strongly positive signal and a
subset of the granule cells in the internal granule cell layer showed positive signal. In

addition, the cortex is generally quite positive, and individual neurons within the cortex



15 probe to localize the region of CCX-CKR2 expression within the brain.
Brain sanples were collected fromnormal adult mce, and fixed with 4% PFA
in PBS overnight at 4C, followed by 30 % sucrose in PBS overni ght at 4C

Ti ssues were then enbedded in OCT, cut, in 20 umslices, then collected on
superfrost plus slides. For in situ hyBridization studi es, antisense and
sense ri HRAE. | | oI QX YUKRY & gtively, with
T7 and S Z%Q%ﬁ%gtﬁ;%raseeg%ﬁpﬁ%?ﬁéb?RﬁgaFgmgng Kit (Rogﬂk%g) after

| i near i zaevroms. of"ﬂkﬁedeztatmgymﬂﬂdsfe%l-gohsaddéi@, thie ouerlyipg ¢qrtexhwasglsrpositivg) | owed

ot e nybr i zed at 2o sy SiEho v s iR Bpaifne RGBLIARAR (o) e
cont ai neCEX-6KiRAGS by fandofe ICORVKRD isirohepbdesddin tikvetitriculax zGBCelidor 5 and 1%

SDS at 65C, foll owed by blocking with 5% sheep serum for 1 hour and

i ncubft i shalgelly wheremstrogytrraasiare sligvedpoiopgmate; n qopiasteisreds SOMmS FXFSSBON at 4C,
Slides | : ' 238] The results
cl earl yvﬁ{eﬁ%%@? g\%?setwsb% Egﬁ%-égél(%pcfgég glll%?%?} eec‘%k%%fww eEf%aerﬁ) er (])J[rllésgl wi thin the

cer ebel | urdulivhiqstomsasdesvea rthecaptession fibfiledor SCKiGKR2 isoverndifigrent Gomishas

expression i reas cont ai | al ,celd s such as the white matter tracts
in the cé‘?eé‘tfgﬁtﬁﬁ e%%)ﬂgﬁcfe?@ﬁ{eorg@?%% a5 deserib Y‘%i_lﬁl'gi nje cells showed
uniformy strongly positive signal and a subset of the granule cells in the

internal granule cell |ayer showed positive signal. In addition, the cortex
i s gdfer Exampled t e positive, and individual neurons within the cortex 70

showed cl ear positj L d | VEEKS Fﬁ@ X- CKR2
signal in neur onstz\(@] ﬁ;@h g’Lea%g’ell? géhg"y‘%g@ﬁ%gmﬁ%”é&ﬁ n aiﬁl t gﬁa,gﬁt he

over | yi ngompetitoxin awacuse kamgmpfishbdel of luhg 8&tindinese data provide sone insight
ot expr assed | ¢ LD ohET GRS 8 e ISEhescan ogug of AreUi e USuAERE
astrocyt QB RleRplased 8Y ffhglclreRiohfi A ehl-as ilackiQitbd afdotheliftdl EThic SHBASEE
expression in V\%at appears to be a subset of cerebellar granule cells, the

cel | 16ypedminisiratibn ofia CEEICKRS Biganst eompstivara 100 serigseconppund; &1 dreneewfli | e f or
CCX- CKR2 i s diff.erent f at seen for the other SDF-1 receptor
CXCR4, aénogggcgtilﬁ%%r%lflg%{]ﬁ%sréﬁmfgaaarrpl e 8 [240] This exanpl e denonstrates

the efficacy of a (X% OfRBe lungeadinofaxedgrifostudy) AS4onnuiner fagneglsd80- nodel of
| ung carcinoma. [.241] Lung carcinoma is the | eading cancer cause of death in

the US. @0me) wriimplinted inte dheayb SHIaNGONE SRagF &1 Misianiers Tanars ST RBEed (it ed
endot hel ol wld) Sofibkfihdly %Om%ﬁlnsgg’qb&'w%&ﬁ P00 40 200m) S Find hide Were

conpetit series” conp n a xenogra
20 enrolled in the study and treatment began. Mice were treated with the CCX-CKR2 ligand

competitor (25mpk; sc administration, Q1D) or the vehicle control. Melphalan was included

as the positive control (9mpk/dose, ip administration, Q4Dx3). Tumors were measured twice ,
weekly with a caliper in two dimensions and converted to tumor mass using the formula for a
prolate ellipsoid (a x b*/2), where a is the longer dimension and b is the shorter dimension,

25  and assuming unit density (1 mm> = lmg). Body weights were also measured twice weekly
to assess any adverse effects of compound dosing. Antitumor activity was assessed by the
delay in tumor growth of the treated group in comparison to the vehicle-treated control group.

[243] The mice receiving the competitor exhibited reduced tumor load
compared to the vehicle treated group. This difference in tumor volume was statistically

30 significant between these groups and represents a 32% reduction in average tumor volume.
Melphalan also reduced tumor volume with a 60% reduction in average tumor volume.
Additionally, the daily treatment with the competitor was well tolerated in this study as
determined by the weight gain in the compound treated animals consistent with that of

vehicle treated mice.



nodel of |ung carcinoma was eval uated. [242] In the lung carci noma xenograft
study, A549 tunor fragnents (30- 40ng) were inplanted into the sub cutaneous
space in nude mice. Tunors were permtted to grow until approximately 150ngy
in size (between 100 and 200ng) at which point mce were 20 enrolled in the
study and treatnment began. Mce were tfeated with the CCX- CKR2 |igand

conpetitor (25npk; m ni stration, D) or the yehi.cl e contro]. Ml phal an
was included as t[ﬁ‘g‘ﬁpglgﬁnﬂr\yvél g‘n‘??BF‘SSg@ﬁ%R‘}&‘ﬁs@?‘l%ﬁ%ﬁWR? r U ouDx3).

Tunor s Wgla@ 49 ik @datbdinii the'CEKIOKRY EdnpetitctlekRiBted tinfordthst waesi ons and
converted to tunmor nmass using the fornmula for a_ prolate ellipsoid (a x

b2/ 2), wsfetistically ssnallpethpe theet Mdheryghiqleeonirabisroup. Simpely HEee EEeivingensi on, 25
, . ! iy " X | q
Pt oo o efiabiRaso HE0Shiticlrty BEEUT il e YBIATh nlEE U, DO MEORHTEE

activity was assessed by the delay in tunmor gromh of the treated group in
conmparison to the vehicle-treated control group. [243] The mce receiving
the conpetitor exhapdit e pesiaems bdBhierdt 8fslicab AERAELH thid shEHicsRbh e LT eated
group. This difference in tunor volunme was statistically ~ 30 significant

bet ween héreindncgrnongied binreferense s eivach indiyibunl ablieationor patert\appliggtion werer vol une.

Mel phal ap.__ad d. .t [ 4 it h 9 ction in average tunor
vol une. sp}g%iﬁ?@ll}{)%gﬁﬁagwdpﬁgﬂ agl;é%/&l{gr%ee\g%éﬁ%%cﬁatgﬁ? ﬁl&t?%encgbnpeti tor was well
tolerated in this [346]d\Aldpugliticdsspditgintyntiontaybéedidesdided in soniehiRtatidypound
treated animals consistent with that of A vehicle treated nice. 71 244]
Tumot0 weWanhekillpgration andexamplefor pirgoses ghelartywf yndessianding i Wl}livaméﬂy (day 49).
Mce tre A o -gaﬁ§£ i W g&q@g; . re
statisticall yws?rééf})g%d?ﬁzéﬁ t os@glgiﬁﬁ%éem%ﬁégagm%%ﬁ? ro gvr%gﬁ%p&%% | arly,

m ce r ecedrfainghangds lapt adodifications nirydesnagnitferatamithyutsiepdrting fromithe spitittan t he
vehi cl e treatg@ g@f”ﬁ@iq hﬁ45] Al'l publications and patent applications
cited i n"PRY¢ % PrEFTBR are  herein i ncorporated by reference as if each
i ndi vi dual publication or patent application were specifically and
individually indicated to be incorporated by reference. [246] Although the
foregoing i nvention has been described in sone detail by 10 way of
illustration and exanple for purposes of clarity of understanding, it wll
be readily apparent to one of ordinary skill in the art in light of the
teachings of this invention that certain changes and nodifications may be
made thereto wi thout departing fromthe spirit or scope of the appended

cl ai nms.




72 What is clained is: |I. A nethod for determ ning the presence or absence
of a cancer cell, the method conprising, 5 contacting a sanple, conprising
a cell with a polypeptide or antibody that specifically binds with SEQ ID
NG 2; and detecting binding of the pol ypeptide or antibody to a CCX- CKR2
pol ypeptide in the sanple, wherein the cell is a non-fetal cell and/or a
cell other than a kidney or brain cell2, and wherein binding of the

pol ypeptide or antibody to the sanple indicates the to presence of a cancer

cell. 2. The nmethod of claiml, wherein the agent is an antibody. 3. The
met hod of WAptis glamedigier ei n the sanple is froma human. 15 4. The nethod of

claim1, wherein the nethod is used to diagnose cancer in a human. 5. The
nmet hod of claim 1, wherein the nethod is used to provide a prognosis of 20
cancer i nl.a hutrarethod.forldeeermiiihg thegiesehaiomalisenvdhefraaiancdrivell,aheimethod s sel ect ed
fromthe group consisting of cervical cancer, breast cancer, |ynphong,

gl i obl ast SM8rostat e cancer, and |eukaema. 25 7. The nethoq of claim1,
the capcer is d@ﬁfaciﬁ?gommpie %@hﬁﬁﬁﬁga%l Mtﬁ@@%l’y{FGptlo@QﬁEhm? tfatdi sease or
Al DS- associ ated prinmary effusion he met hod of claiml, wherein
t he anti bepdgificyhyendsswisli $EQ$D|NO@:@ TAC for 30 binding to SEQ ID NO 2. 73
9. A nethod of ar ol KR Vi havi ng
cancer, the me %oagglgﬁ% Oggjngn%dyé’t%theorag{ll’ﬁeyg?%s%e(‘?ce orj&biépeﬁﬁalem

expr essi ofhe edmgie, Witdrain el tis ﬂﬂorﬁf&@dtlh@xcﬁor@@éﬂmtmﬁlaymylodbrahm a cell of
an individyal, wherein the cell is . a non-fetal cell d/or a cell other
than a ki tHedndovhessigibinding of thepelyRaREderANtif y5“’(‘@(5 ing Hﬁﬂ?ﬁg‘ﬁtl de bi nds

| - TAC, @Né@&n%aéﬂgertc@ﬁ CCX- CKR2 pol ypeptide is at |east 95%identical to

SEQ I D t her eby prognosi ng or diagnosing a cancer in the individual.
2. The method of claim 1, wherein the agent is an antibody.
3. The method of claim 1, wherein the sample is from a human.
15
4, The method of claim 1, wherein the method is used to diagnose cancer in a
human.
5. The method of claim 1, wherein the method is used to provide a prognosis of

20 cancer in a human.

6. The method of claim 1, wherein the cancer is selected from the group consisting
of cervical cancer, breast cancer, lymphoma, glioblastomas, prostate cancer, and
leukaemia.

25
7. The method of claim 1, the cancer is not Kaposi's sarcoma, multicentric

Castleman’s disease or AIDS-associated primary effusion lymphoma.

8. The method of claim 1, wherein the antibody competes with SDF1 and I-TAC for
30  binding to SEQ ID NO:2.



10. The nmethod of claim9, wherein the CCX- CKR2 pol ypeptide is displayed in
SEQ to IDNO 2. 11. The nethod of claim9, wherein the cancer is selected
fromthe group consisting of cervical cancer, breast cancer, |ynphona,

gl i obl astomas, prostate cancer, and |eukaem a. 15 12. The nethod of claim
9, wherein the cancer is not Kaposi's sarcoma, nulticentric Castlenman's

di sease or Al DS-associated primary eff/asion | ynphoma. 13. An anti body that
specifically conpetes with SDF- | and I-TAC for binding to 20 SEQ ID NO 2.
14. The antibody of claim 13, wherein said antibody is a nonocl onal

ant i body. 9. 15.ATethadmifipbodding# digigagsia arPprogupeis ef an widivadughbavigisanty, a a

humani zed,ant i.b 25 16. Th S f i |y .ef fective anmount of
a si RNA t%‘ﬁ?‘gﬁl‘hr?ﬁ%fné’é‘g‘é‘ﬁéf’%"s%ﬁ dn¢ Piggehice ?{é@%ﬁ%@%ﬁ@%&&%@u de in the

rrfm uf act up%mfcleatiﬂeﬂiccaiﬂg ratcd)mcmltmpdly;i%@timeidmta il ofgﬁmke\riduﬁ,afvﬂe}’ein fike use of
claim 16, lerein the X- CKR2 pol ynucl eoti de encodes SEQ ID NO 2. 74 18.
The Lse. ofelGh APAR-{851 CERERUPFA FolL bR RR3Iy REEH B0 PR BB NS es SEO 1 D
NO 1.:19 h : e \V: f ect.i ] : t that
Conpet s o tre S appg pefide FHARAAL GRY bmst ! g R SRR IEE L ot ur e
of a nedi basr@hte iflenticalith SEQ BaNMEh theodbyqaogresing whdiagnosingrecaagann thes
identified QX a, met hod conprising contacting a plurality of agents to a
cox- ckre P9MEbt i de compri sing an extracel lular  domain at |east 95%

identical to an extracellular domain of SEQ ID NO 2, or a SDFl1 or
| - TAC-bi ndi ng fragnment thereof, and selecting an agent that conpetes with

| - TAC or 1@ SpFheimethed of ¢igirnyy vehsraimthe GEX pRdyRepEdt isdiisplayed FaRfidnt
t her egf . Nolpe use of claim 19, wherein the agent is an antibody, or
wherein the agent is a polypeptide. 15 21. The use of claim 19, wherein the
cancer is selected fromthe group consisting of cervical cancer, prostate
cancer, apld. | e"tjlll(earg%gd ofl ({laéllim 9, wherein the cancer is selected from the group consisting
of cervical cancer, breast cancer, lymphoma, glioblastomas, prostate cancer, and
leukaemia.
15
12.  The method of claim 9, wherein the cancer is not Kaposi's sarcoma, multicentric

Castleman's disease or AIDS-associated primary effusion lymphoma.

13.  Anantibody that specifically competes with SDF-1 and I-TAC for binding to
20 SEQID NO:2.

14.  The antibody of claim 13, wherein said antibody is a monoclonal antibody.

15.  The antibody of claim 13, wherein said antibody is a a humanized antibody.

25
16.  The use of a therapeutically effective amount of a sSiRNA that inhibits expression
of a CCX-CKR2 polynucleotide in the manufacture of a medicament for the treatment of

cancer.

30 17.  The use of claim 16, wherein the CCX-CKR2 polynucleotide encodes SEQ 1D
NO:2.



SEQUENCE LI STING SEQ ID NO 1 CCX- CKR2 codi ng sequence
ATGGATCTGCATCTCTTCGACTACT CAGAGCCAGGGAACT TCTCGGACAT CAGCT GGCCATGCAACAGCAGCGAC
TGCATCGT GGTGGACACGGT GATGT GT CCCAACAT GCCCAACAAAAGCGT CCTGCTCTACACGCTCTCCTTCATT
5

TACATTTTCATCTTCGTCATCGGCATGATTGCCAACT GGTGGTCTGGGTGAATATCCAGGCCAAGACCACA
GGCTATGACACGCACTGCTACATCTTGAACCTGGCCAT TGCCGACCTGTGGGT TGTCCTCACCATCCCAGTCTGG
GTGGT CAGT CTCGT GCAGCACAACCAGT GGCCCAT GGGCGAGCT CACGT GCAAAGT CACACACCTCATCTTCTCC

cacscoieo R RS SR R e i croncre

TCTCTGCCTGACACCTACTACCT GAAGACCGT CACGT CTGCGT CCAACAAT GAGACCTACTGCCGGTCCTTCTAC
CCCGAGCACAGCATCAAGGAGT GECTGATCGECATGGAGCTGGTCTCCGT TGTCTTGEECTTTGCCGT TCCCTTC

TCCATTATCECTGIGRE Tfsd 6 m@ i {6 ik CBRR el O AAGCACAGCAGC
CGGAAGATCATCTTCTCCTACGTGGI GGTCT TCCT TGTCTGCTGACT GCCCTACCACGT GRCGGT GCTGCTGRAC
ATCTTCTCEOaddABF A darmantiTg tceis Hads2ar thearnacoayizrm GCATGTCACA

AT oCT e AP S R Bt e N TS B IS0 A CT ACAGGT AGGAG

CTGAT GAAGERGERGAT AT IAAGTACTOGEECANABRRCGOLFEATEARGETEAE GRATERETGAGAGT CTCA

GAGACGGAGTACTCT %A?CAGAGCACCAAAT 20 S . - i id
sequence omcgn at least ;)I' o identical to an extracel%ar domaE\%tJ g%d\l% %IOCg, or a 1a0rp no acl

VDL HLF DY SR Nl Y RSSOV TNSEMEN S A ThHEL P LV GHTASMVVIN QAKTT
GYDTHCY! LNLAI ADLWVLTT PVWWAVSLVOHNQAPMGEL TCRVTHLT FSI NLFGSI FFLTCVBVDRYLSI TYFT
NTPSSRKKMURRNG! bintihg AREvSICPHTKRAOOITEMEIMNE TvERERYtREIES]. KEW.| GVELVSWWLGFAVPE
SI | AVFYFLLARAI SASSDQEKHSSRKI | PSYWWVFLVOWN.PYHVAVLLDI FSI LHYI PETCRLEHALFTALHVT
25 QCLSLVHCCVNPVLYSFI NRNYRYEL MKAFI FKYSAKTGLTKLI DASRVSETEYSALEQSTK SEQ | D
NO 3 CCX- £KR2. PheGRE bNEaine 09641 ein the agent is an antibody, or wherein the agent is a
ATGGATCTGCACCTCTTCGACT ACGCOGAGCCAGGCAACT TCTCGGACATCAGCT 30

GGCCAT GCAPYSRASCGACT GCAT CGT GGT GGACACGGT GATGTGTCCCAACA

TGCCCAACAAAAGOGT CCTGCTCTACACGCTCTCCTTCATTTACATTTTCATCTTC
GTCATCGGCATGAT TGOCAACT COGT GGTGGT CTGRGT GAATATCCAGGCCAAGA

CCACAGGCTAT GACREGEEAGCT GaiATH THERGANSCTIRECEAT EGECGABCRSEBUp consisting of
GGTTGTCCTCACCATCOCAGT CTGGGTGGT CGT GCAGCACAACCAGTGG 35

CCCAT GGCCRAE SAXES BTN BT TCTCCATCAACCTCT
TCAGOGGCATTTTCT TCCTCACGT GCAT GAGCGT GGACCGCTACCTCTCCATCACC
TACTTCACCAACACCCCCAGCAGCAGGAAGAAGAT GGTACGOCGT GTOGTCTGC



ATCCTGGTGTGECTGCTGECCT TCTGCGT GT CTCTGCCTGACACCTACTACCTGAA
GACCGT CACGT CTGCGT CCAACAAT GAGACCTACTGCCGGT CCTTCTACCCCGAG 40
CACAGCATCAAGGAGT GECTGATCGECATGGAGCCTGGTCTCCGT TGTCTTGEECT
TTGCCGTTCCCTTCTCCATTATCGCTGTICTTCTACT TCCT GCTGGCCAGAGCCATC
TCGROGT CCAGT GACCAGGAGAAGCACAGCAGCCGGAABATCATCTTCTCCTAC

GTGGTGGTCTTCCTTGTCTGCTGECTGOCCT STGETGCTGGACA
TCTTCTCCATCCTGCACTACATCCCTTTCA SACCARCGOCCTCTTC 45
ACGGOCCTGCAT GT CACACAGT GOCTGTCGCTGGTGCACT GCTGOGTCAACCCTG
TCCTCTA CELCRRETA GATGAAGGCCTTCAT

CTTCAAGTACT CGGCCAAAACAGGGCT CACCAAGCT CATCGATGCCTCCAGAGTG
TCGGAGACASABTATTTCEIT TR RBCARCACLIACARBTERCTIPGRCATEAGCT S QAT ACABEAECEREBACY ani no

aci d IR pREEAE ' TGECCTICATT
LLYTLSFTYRF RS %%?, CALATICS W%E F¥RPMGEL
TCKVTHLI g&? CF % *llg‘t'}(':'A CTTCTCC

VSL PDTWLA@MG‘%&N&EJ&@E&FMH&E&dﬁ@ﬂe&@ﬁbﬁ@é‘fb@%&@ﬁ@ber’:‘éEXi%ACCTACTTCAcc

LLARAI SASSRAFICISEHKEdABXABAKBA MG EdvisdcbfaTESliarddeTediTEb daccTTCcTeCoT
FTAL HNT QOIcSLI4aCBARUE TASEA MRISVARAR L ORCAFG TRY SR TIACEKIdACASRUSECCCTENSAIEBNAK 10
SEQ | D NECSCASCACAGCRPCAACERACH £T@§- B@EAGCTGGTCTCCGTTGTCTTGGGCTTTGCCGTTCCCTTC

ATGGAT CT AR TIPEGA TR AT IR AR P T e IRE BGASA BT AGGAGRAGCACAGCAGC
CGOCAT : CGTGGCGGTGCTGCTEOAC
7 A ‘% CTGCATGTCACA

CAG C TACAGGTACGAG
GT CATCGGleArg iy @E@@%@wa TGCCTCCAGAGTCTCA

CCACACCCTAAESASACSHAETISCT A EEAGRGEASRALISCAT TGCCCGACCTGT
GGTTGTCCTCACCATCCCAGTCTGGGTGGTCAGTCTCGTGCAGCACAACCAGTGG
CCCATGGEECGAGCT CACGT GCAAAGT CACACACCT CATCTTCTCCATCAACCTCT

QBT SGASCECTACCTCTCCATCACC 20
TACT TCACCAACACCCCCAGCAGCAGGAAGAAGATGGT ACGCCGTGICGTCTGC
ATCCTGGT WWE@@W@MWWWIMSWMMT
GACCGT CACETPCHEIGENS RGACCTAENCORCEL TRV THILACOTEGAE FLTCMSVDRYLS ITYFT

CACA&ATWWMW YCFEYHRESO WL IGMELVSVVLGFAVPF
SIIAVFYFLLARAISASSDQEKHSSRKIIFSYVVVFLVCWLPYHVAVLLDIFSILHYIPFTCRLEHALFTALHVT

25 QCLSLVHCCVNPVLYSFINRNYRYELMKAFIFKYSAKTGLTKLIDASRVSETEYSALEQSTK

SEQ ID NO:3 CCX-CKR2.2 coding sequence

ATGGATCTGCACCTCTTCGACTACGCCGAGCCAGGCAACTTCTCGGACATCAGCT
30 GGCCATGCAACAGCAGCGACTGCATCGTGGTGGACACGGTGATGTGTCCCAACA
TGCCCAACAAAAGCGTCCTGCTCTACACGCTCTCCTTCATTTACATTTTCATCTTC
GTCATCGGCATGATTGCCAACTCCGTGGTGGTCTGGGTGAATATCCAGGCCAAGA
CCACAGGCTATGACACGCACTGCTACATCTTGAACCTGGCCATTGCCGACCTGTG
GGTTGTCCTCACCATCCCAGTCTGGGTGGTCAGTCTCGTGCAGCACAACCAGTGG
35 CCCATGGGCGAGCTCACGTGCAAAGTCACACACCTCATCTTCTCCATCAACCTCT
TCAGCGGCATTTTCTTCCTCACGTGCATGAGCGTGGACCGCTACCTCTCCATCACC
TACTTCACCAACACCCCCAGCAGCAGGAAGAAGATGGTACGCCGTGTCGTCTGC
ATCCTGGTGTGGCTGCTGGCCTTCTGCGTGTCTCTGCCTGACACCTACTACCTGAA
GACCGTCACGTCTGCGTCCAACAATGAGACCTACTGCCGGTCCTTCTACCCCGAG
40 CACAGCATCAAGGAGTGGCTGATCGGCATGGAGCTGGTCTCCGTTGTCTTGGGCT
TTGCCGTTCCCTTCTCCATTATCGCTGTCTTCTACTTCCTGCTGGCCAGAGCCATC
TCGGCGTCCAGTGACCAGGAGAAGCACAGCAGCCGGAAGATCATCTTCTCCTAC
GTGGTGGTCTTCCTTGTCTGCTGGCTGCCCTACCACGTGGCGGTGCTGCTGGACA
TCTTCTCCATCCTGCACTACATCCCTTTCACCTGCCGGCTGGAGCACGCCCTCTTC
45  ACGGCCCTGCATGTCACACAGTGCCTGTCGCTGGTGCACTGCTGCGTCAACCCTG
TCCTCTACAGCTTCATCAATCGCAACTACAGGTACGAGCTGATGAAGGCCTTCAT
CTTCAAGTACTCGGCCAAAACAGGGCTCACCAAGCTCATCGATGCCTCCAGAGTG
TCGGAGACGGAGTACTCCGCCTTGGAGCAAAACGCCAAGTGA



TTGCCGTTCCCTTCTCCATTGTCGCTGTCTTCTACTTCCTGCTGGECCAGAGCCATC 25

TCGGCGTCCAGT GACCAGGAGAAGCACAGCAGCCGGAAGATCATCTTCTCCTAC
GTGGTGGTCTTCCTTGTCTGCTGGT TGCCCTACCACGT GGCGGT GCTGCTGGACAT
CTTCTCCATCCTGCACTACATCCCTTTCACCT GCCGRCT GGAGCACGCCCTCTTCA

CGGCCCTGCAT GT CACACAGT GCCTGTCGCT GGT GCACYHECT GOGT CAACCCTGT

CCTCTACAGCT TCATCAATCGCAACTACAGGT ACGAGCT GATGAAGGCCTTCATC 30
TTCAAGSBQTORCEAEX AR TS M ENTAFEGAT GCCTCCAGAGTCT
CAGAGACGGAGTACTCTGCCTTGGAGCAGAGCACCAAATGA SEQ I D NO 6 CCX- CKR2. 3 amino acid
s equen o LNDEDY AL PRSI SHPENSSIKINYD TWV PR INPKSBYLY TLSSFY FIFVIBM GV 35
TANS VIANSVYRORVEAGARGTIORASIHCNIAN DR VWKL FIPV WY VS L VR BN QWY ERGEL
TCKVTHEdRS MNpEES i SIGIVBL YORSWVD R YE S IS SRS SRRRM VR ST NVARELAFC
VSL?DTWLﬁﬁSﬁWﬁﬁSﬁEﬁ@d@ﬁ}@ﬁﬁmﬁmﬁ%ﬂﬁﬁsmww

FLLARAL $ASSHQ

RCAARAAC ' CATTTACATTTTCATCTTC
GI CATCGGCATGATTGCCAACT CCGT GGI GGTCTCEGTGAATATCCAGGCCAAGA
CCACAG@@Q@&&@X@@@E@MWW @E@@%@QATCAGCT
CCCATGBQRMCAW@EGMWE@GCEWMTTWCATCHC
TWWWWWW@AMAGGCCMGA
AH PG ETAT RBUATGACECTCGTCKIT GCCGACCTGTG
AT CCT G R RO AT DR CTEL IS TCACOTORTACKTOAS A ACCAGTGO
CACCGT e A £ e BAGFOAC ETAEA AGTERCATAEECTEAMNCIFEFHEATCAACCTCT

CACA! _ l¢! CTCCATCACC
L3 CERAL ; TCGTCTGC
JiSs 16 ' R CTACCTGAA

ACCGTCACGTCTG A CTACCCCGAG

CACAGCATCAAGGAGTGGCTGATCGGCATGGAGCTGGTCTCCGTTGTCTTGGGCT
TTGCCGTTCCCTTCTCCATTGTCGCTGTCTTCTACTTCCTGCTGGCCAGAGCCATC
25 TCGGCGTCCAGTGACCAGGAGAAGCACAGCAGCCGGAAGATCATCTTCTCCTAC
GTGGTGGTCTTCCTTGTCTGCTGGTTGCCCTACCACGTGGCGGTGCTGCTGGACAT
CTTCTCCATCCTGCACTACATCCCTTTCACCTGCCGGCTGGAGCACGCCCTCTTCA
CGGCCCTGCATGTCACACAGTGCCTGTCGCTGGTGCACTGCTGCGTCAACCCTGT
CCTCTACAGCTTCATCAATCGCAACTACAGGTACGAGCTGATGAAGGCCTTCATC
30 TTCAAGTACTCGGCCAAAACAGGGCTCACCAAGCTCATCGATGCCTCCAGAGTCT
CAGAGACGGAGTACTCTGCCTTGGAGCAGAGCACCAAATGA

SEQ ID NO:6 CCX-CKR2.3 amino acid sequence

MDLHLFDYSEPGNFSDISWPCNSSDCIVVDTVMCPNMPNKSVLLY TLSFIYIFIFVIGM
35 IANSVVVWVNIQAKTTGYDTHCYILNLAIADLWVVLTIPVWVVSLVQHNQWPMGEL

TCKVTHLIFSINLFGSIFFLTCMSVDRYLSITYFTNTPSSRKKMVRRVVCILVWLLAFC

VSLPDTYYLKTVTSASNNETYCRSFYPEHSIKEWLIGMELVSVVLGFAVPFSIVAVFY

FLLARAISASSDQEKHSSRKIIFSYVVVFLVCWLPYHVAVLLDIFSILHYIPFTCRLEHA

LFTALHEVTQCLSLVHCCVNPVLYSFINRNYRYELMKAFIFKYSAKTGLTKLIDASRVS
40 EBTEYSALEQSTK

SEQID NO:7 CCX-CKR2.4 coding sequence

ATGGATCTGCATCTCTTCGACTACTCAGAGCCAGGGAACTTCTCGGACATCAGCT
45 GGCCATGCAACAGCAGCGACTGCATCGTGGTGGACACGGTGATGTGTCCCAACA
TGCCCAACAAAAGCGTCCTGCTCTACACGCTCTCCTTCATTTACATTTTCATCTTC
GTCATCGGCATGATTGCCAACTCCGTGGTGGTCTGGGTGAATATCCAGGCCAAGA
CCACAGGCTATGACACGCACTGCTACATCTTGAACCTGGCCATTGCCGACCTGTG



TCTTCTCCATCCTGCACTACATCCCTTTCACCT GCCGGCTGGAGCACGCCCTCTTC
ACGGCCCTGCATGI CACACAGT GCCTGTCGCTGGT GCACTGCTGCGT CAACCCT G

TCCTCTACAGCT TCATCAATCGCAACTACAGGTACGAGCTGATGAAGGCCTTCAT

CTTCAAGTACT CGGCCAAAACAGGGECTCACCAAGCTCATCGATGCCTCCAGAGTC 15
TCAGAGACGGAGTACTCTGCCTTGGAGCAGAGCACCAAXTGA SEQ | D NO: 8 CCX- CKR2. 4 amino aci d

seguenc E ¢ERETEEM

| ANS : N[/ CTCT

TCKVTHL AT :

LPDTYYL C Cé(éc

LLARAI S

FTAL % &5 H ¢ ASTK 25

SEQ I D @C@&A@@@T@ng@@ﬁé@mcmcmcCGGTCCTTCTACCCCGAG
CAGANTIGGA

ATGGAT CTANGTTCAETACT BEERGHCINCFTTGTCTTGGGCT
. QEBGECAGAGCCATC

Tmmmmmmmecmmcm CTTCTCCTAC
GT CAD CCEIA GUBGETEMZCACEBCGURAGAGCTGCTGGACA

CCACAGCT AT XA CTGC MYTAICA TCABCTTCACCAGIEEIGBTCGTAST ACGCCCTCTTC
GGT TGT CAlEAGEATTCENTETICEACA CAHGT CTCET GCAG U ARCAGTGEG CGTCAACCCTG

TTGCCGTTCCCTTCTCCATTATCGCTGTCTTCTACTTCCTGCTCIBCCAGAGCCA C
AWRCDNSTEIRAAGNIAPEMRNKEY AEY TLSFIYIFIFVIGM

CATADL BYWERASA Y QHNQWPMGEL
RYGSIIY F A PSSBROICOVY N’M CILVWLLAFC

FTALHVTQCLSLV'HCCVNPVLYSF]NRNYRYELMKAFIFKYSAKTGLTKL]DASRVSE
TEYSALEQSTK

SEQ ID NO:9 CCX-CKR2.5 coding sequence

ATGGATCTGCATCTCTTCGACTACTCAGAGCCAGGGAACTTCTCGGACATCAGCT
GGCCGTGCAACAGCAGCGACTGCATCGTGGTGGACACGGTGATGTGTCCCAACA
30 TGCCCAACAAAAGCGTCCTGCTCTACACGCTCTCCTTCATTTACATTTTCATCTTC
GTCATCGGCATGATTGCCAACTCCGTGGTGGTCTGGGTGAATATCCAGGCCAAGA
CCACAGGCTATGACACGCACTGCTACATCTTGAACCTGGCCATTGCCGACCTGTG
GGTTGTCCTCACCATCCCAGTCTGGGTGGTCAGTCTCGTGCAGCACAACCAGTGG
CCCATGGGCGAGCTCACGTGCAAAGTCACACACCTCATCTTCTCCATCAACCTCT
35 TCAGCAGCATTTTCTTCCTCACGTGCATGAGCGTGGACCGCTACCTCTCCATCACC
TACTTCACCAACACCCCCAGCAGCAGGAAGAAGATGGTACGCCGTGTCGTCTGC
ATCCTGGTGTGGCTGCTGGCCTTCTGCGTGTCTCTGCCTGACACCTACTACCTGAA
GACCGTCACGTCTGCGTCCAACAATGAGACCTACTGCCGGTCCTTCTACCCCGAG
CACAGCATCAAGGAGTGGCTGATCGGCATGGAGCTGGTCTCCGTTGTCTTGGGCT
40 TTGCCGITCCCTTCTCCATTATCGCTGTCTTCTACTTCCTGCTGGCCAGAGCCATC
TCGGCGTCCAGTGACCAGGAGAAGCACAGCAGCCGGAAGATCATCTTCTCCTAC
GTGGTGGTCTTCCTTGTCTGCTGGTTGCCCTACCACGTGGCGGTGCTGCTGGACAT
CTTCTCCATCCTGCACTACATCCCTTTCACCTGCCGGCTGGAGCACGCCCTCTTCA
CGGCCCTGCATGTCACACAGTGCCTGTCGCTGGTGCACTGCTGCGTCAACCCTGT
45 CCTCTACAGCTTCATCAATCGCAACTACAGGTACGAGCTGATGAAGGCCTTCATC
TTCAAGTACTCGGCCAAAACAGGGCTCACCAAGCTCATCGATGCCTCCAGAGTCT
CAGAGACGGAGTACTCCGCCTTGGAGCAGAGCACCAAATGA



TTCAAGTACT CGGCCAAAACAGGGECT CACCAAGCT CATCGATGCCTCCAGAGT CT
CAGAGACGGAGTACTCCGCCTTGGAGCAGAGCACCAAATCGA 4/ 4 SEQ ID NO 10 CCX-CKR2.5 am no
acid sequence NDLHLFDYSEPGNFSDI SWPCNSSDCI V' VDTVMCPNVPNKS VLLYTLSFI YI FI FVI GV
ANS V V V WVN QAKTT GYDTHCYI LNLAIADL WV VLTIP VWV V S L V QHNQ WPMGEL
TCKVTHLI FSI NLFSSI FFLTCVBVDRYLSI TYFTNTPSSRKKMRRWCI LV W.LAFC 5

VSLPDTYY : : VSWLGFAVPESI | AVFYF
LLARAI SA%@EE@WWE% ®LDI FSI LHYI PFTCRLEHAL
T RS RS BNGT OF s Y RGT™ 1©
IANSVVVWVNIQAKTTGYDTHCYILNLAJADLWVVLTIPVWVVSLVQHNQWPMGEL
TCKVTHLIFSINLFSSIFFLTCMSVDRYLSITYFTNTPSSRKKMVRRVVCILVWLLAFC
5 VSLPDTYYLKTVTSASNNETYCRSFYPEHSIKEWLIGMELVSVVLGFAVPFSOHAVFYF
LLARAISASSDQEKHSSRKIFSYVVVFLVCWLPYHVAVLLDIFSILHYIPFTCRLEHAL

FTALHVTQCLSLVHCCVNPVLYSFINRNYRYELMKAFIFKYSAKTGLTKLIDASRVSE
TEYSALEQSTK
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