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clainms priority to United States Patent Application Serial Nunber (USSN)
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337,961, filed Novenmber 30, 2001, U. S. Patent Application No. 10/245, 850,
filed on Septenber 16, 2002, and European Patent Application No.
02256808.3, 10 filed Cctober 1, 2002, each of which is explicitly

i ncorporated herein by reference inits entirety and for all purposes.
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moki nes i f am I f smal l
cyt oki nes GoraposHions aadcwthﬁﬁngr tﬁﬁﬁﬁ‘gﬁ%‘ﬂﬁé’ ?’eﬁgﬂt‘%ﬁaéeﬁi cyte
recrui tment (Baggi ol ni nol 97 179 (1994);
Springer, T. A hﬁ’ ‘h&‘\?nsﬁkﬁﬁ%‘“og\;’le@% and Schall, T. J.

and K B. Bacon CUrr Qpin. Immunol. 6: 865- 873 (1994)). Chenoki nes are
capabl e of selectively i nduci ng chernotaxis of the forned el enents of the

bl opd (other than @R@s@'@@ﬁmﬁﬁbbs)ro RpgAgima e kRTYORS such as
neutrophlls monocytes, macrophages, eosinophils, 20 basophils, nmast cells,
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ext r avagntty@fd tfer A1 prepowb. i nf ectl on or inflammation. [031 Two subfamlies
of chenoki nes, designated as CXC and CC chenoki nes, are distingui shed by
t he arrangenment of the first two of four conserved cysteine 30 residues,

whi ch are either separat RENBHPTERE v ERFIOR CXC chenoki nes SDF- 1,
IL-8, IP-10, MG PF4, E‘ﬁ&C@G %F%QO(E\?Y) GROG, GROy, NAP-2, NAP-4)
or are adjacent [02] VM%GMﬁdQ@nWYeUS@ﬁﬁWSmallwmkdwe@%a@plr@iL@@l in

ChCok IABEIRIOR 54 THRARF (KPS ECRUEYE L S e AR E Aok nes
:ogtaﬂ ljg””g??f\%9ﬁy8p%}xgerp lranel S R&t Phydol BFRAB27-512q 10883t ffdthbH, athl wat i ng
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,
20  basophils, mast cells, and lymphocytes, including T cells and B cells. In addition to
stimulating chemotaxis, other changes can be selectively induced by 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
25  activation. Thus, the chemokines are early triggers of the inflammatory response, causing
inflammatory mediator release, chemotaxis and extravasation 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

30 residues, which are either separated by one amino acid (as in CXC chemokines SDF-1, IL-8,

IP-10, MIG, PF4, ENA-78, GCP-2, GROa, GROP, GROy, NAP-2, NAP-4) or are adjacent



potent chenpattractants and activators of neutrophils. The CXC chenoki nes
designated M G 5 (nonoki ne i nduced by ganma interferon) and IP- 10

(i nterferwn-0f®s1420 i nduci bl e 10 kDa protein) are particul Cnusazsdsse i n

i nduci ng chenotaxis of activated peripheral blood |ynphocytes. CC
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CXC che Ines act through receptors that belong to a 15
super f aaphryicubrly evtire ihiadeirendthemotxspdnoiiveedpasipbeesi hloed lpnewcyieseptor s
(Murphy, P,. M, Phar ol Rev. 52:145-176 (2000 hi s, fam of
G prot eﬁlok’élﬁi)?r_&g_ep%r@ﬁgfﬁﬁ §§8‘Hﬁﬁap@ &g %&a‘gﬁvﬁé‘?a)r%fdﬁ&é’f e ?1 e d{Péf’ menbr ane
pr ot ei fisy i@ MidHoBY1RE B8YEPhils) BASTRIDTARApBRF R 1aNE nafubdikils celEN&C ecept or s
are coupled to G proteins, which are heterofrineric I’e%lf atory roteins

capabl ehenbkinenslichgs Gimanmaonesticshemefacticgrateinsrlap M6t 1M CProidddkpt ed

receptars, f e le, by.th [ j f I medi at or s.
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tend tQaR6piRie MEmIAMSTY Protdidd | PRRI Th@ITPK1 and MIPbIP) tav@bsenchatoicrinel
receptors an§ conversely a single chenokine receptor can interact with

sever ads chbmnatictests afith eeteyatare o fmoneaytes ot bnphnsytes.dut Hp g0t Apear tahe such
excepti.on %\E%tbeeg. theti ngﬁr action between SDF-1 and 25 CXCR4 (Bl eul et
al ., JEXHORGCIAREAPIHCUPPElS- o (1996): Oberlin et al., Nature, 382(6594):

833-5 (1996)). Qoupi netladicten thémedne scethbsughBeapldrs thabbélongstbianul at i ng

factor (Nagasawa et al., Proc Natl Acad Sci USA, 91(6): 2305-9 (1994)),

SOS- 1 $vasrfareiénof sryep ipysmepbiene spanpingéhpiofeaser et reeseirs, (MaysBEM: gene
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aci d rpgdecu@sp dfliategeil eneptteseniroiest dvata@ing sawenttemsmpnbrapt-sSDAIMY 3 and

absent from SDF-1a. [06] The SDFE- 1/ CXCR4. chenpki ne/.chenoki receptor pair
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tend to be promiscuous in that one chemokine can bind many chemokine receptors and
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
25 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
human ligand for CXCR4. The SDF-1 gene encodes two proteins, designated SDF-1a and
SDF-1B, by alternative splicing. These two proteins are identical except for the four amino
30  acid residues that are present in the carboxy-terminus of SDF-1f and absent from SDF-1a.
[06] The SDF-1/CXCR4 chemokine/chemokine receptor pair has been
implicated as an important mediator of normal embryonic development as well as several

disease states. Gene knockout data for both CXCR4 and SDF-1 demonstrate that the deletion



al ., Nature, 393(6685): 595-9 (1998)). Additionally, this |igand/receptor
pair plays arole in HV infection (Bleul et al., Nature, 382(6594):

829- 33 (1WOBp/H4TIRINg et al ., Nature, 5 381(6584): 661-6 (1Ped)usotsssss et al .,
Sci ence, 272(5263): 872-7 (1996)), and has been linked to HV
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br east gL HEBEI 88415 N e! %2(%594?.1 829-3(1956), Pﬁégé%ﬁi%f}\)dm;lép- 6 (2001)).

CXCR4 expression was detected on breast tunor ce ) e elevated | evels
of 5SDF3831(6884: 661de(lt996); &Fang er a/hScizngaR32(R6e8 @7 419%6))y rodvhis teas hinked | ynph

node, | | ver and e marrow, byt .not.in other organs .mere tunors
were” it epebpgaetEyc KR AR b B eaobfesin i b sB1 R P Be

i nhi bi §p¢-DBRR AGT PiINART 4@t S TXTRA95(S MR PRS36-610(10D8)), thyipatihesi s t hat
this ligand receptor pair has a role in tunor netastasis. [08] The CCR1
gene esippdamgdherevidrnce grat SBE- bandCECRAGre helosily hiaked eheapnlane/shepiokine
conpri si'%gf 354 am no acids with predicted seven transnmenbrane topol ogy

( Neot e R RPHEY . el | 72:415-425 (1993)). The ligands of this receptor

i Nl ude M P-1a, RA) RAMbESccdity; SDENDaNRIKER4 heXdBechaalitated agpemiatiel y
expressed on human | eukocytes, can nediate G protein signal transduction,
and arRlayingirelg|in pesasticapcar segtastasie(Mullor eals defise 410RAY Wb (DOLY- sites of
N ANERICHON B bR TRE ib@ed B BRALAIRb: BUR! Ghil EiRyA0H IGERIGE b1 hie and
speci frc nouse-anti hunman moRocl onal “anti bodi es ar e Wi ely availl abl e
(R&D Syistitfiw] inFPhasmhmgemietadatackowth sichds gnpf nddhelunpliser hodbdreg suggest
rol es of thig 25 gene in host protection frqmi n(;lgm%% response,

r equl aPFBAVePULIGE B RSTITans Wheke (Hmqrs WaRsdiot gelpefed-+ But {15 roles in

t rgns i€ bRFH A18bi H L @ReRQt ortef}afpki ne receptor
ge%gs%?%%ﬁaggl ng }é%;a@%&%%ﬂ%ﬁgﬁgapgﬁﬁgﬁﬁo@f c@;}% g@%)ene cluster on
human kypotimsisdhas tip Apandviecqutigr, pai2, havla rolehia tinmacodtasiesis. 52: 145- 176 (2000)).

[09] There are e of chengki ne rece r. signaldi and 30
selectivity for Wﬁaﬁ@@e @{?311 S%BY EH6PS HEH 8{1@@6 Bﬂagf ?ﬁo%%m#}?é present

i nventfe@mldﬂhﬁ %@ﬁigﬁ%i%%ggélﬁﬂﬂn@ﬁ&i@g with pHRfotedd eV AdAftAbthdogdIbBP2/ 38555
BRI EF SUMVARY THE | NVENTI ON [ 10] The present invention provides nethods

of i de@Ndotssiknes @nCaljBhd 1 -Hat (1988 nddhe bigandsieé tokieseptorinelmdoMPFald.ng a first
t %Ol Oﬂmﬁs, %?8?—3 ré%ﬁ 1\/?15]%91 .t 8Ci{q erege%?or{glérie%dely expressed on human leukocytes,
can mediate G protein signal transduction, and are critical for the recruitment of effector
immune cells to sites of inflammation and infection. Human CCR1 protein is antigenic in
mice and specific mouse-anti human CCR1 monoclonal antibodies are widely available
(R&D Systems, Pharmingen). Knockout studies of the mouse homolog suggest roles of this
25  gene in host protection from inflammatory response, regulation of susceptibility to virus and
parasites as well as roles in transplant rejection and tolerance. This gene and other
chemokine receptor genes, including CCR2, CCR3, CCRS are found to form a gene cluster
on human chromosome 3p21 (Murphy, P. M., Pharmacol Rev. 52:145-176 (2000)).
[09] There are many aspects of chemokine receptor signaling and
30  selectivity for ligands that were not previously understood. The present invention addresses

these and other issues.



receptor having a second topology. In sone aspects, the nethods conpri se:

i. providing a 5 first cell conprising a chenokine receptor having a first
t opol ogy wpod3m4mecond cell conprising the chenokine recepPCI/Usay383§ a
second topol ogy; ii. contacting an agent of less than 1,500 daltons to the

chenoki ne receptors; mgqg& t binds to the first
t opol ogy of the chem)kl ne receptor gucgiggoes not E to a chenoki ne
receptor havi ng HO0] seTlhpretcnpvergion prnwﬂesnmeﬁ]sﬁecfﬂenttfnmgagagentithatl ess than

600 daltons. 10 [11] In sone aspects, the nethod fuyrther c i ses
sel ectFiAgs B %quﬁgqeptmﬂpgpé‘gstggpqlogmb}gtdp%no %H1£t8rtlée ‘g'gﬁg@&ns? the cell
func“r@%ﬂ’aﬁrlﬁ%r&%&@o dc[%gﬂogﬁ] B Q4R asﬁ%@tﬁéfn@ﬁho@g cARARECS bovidifg h growt h,

cel | ration an gration. [12] In sone aspects, the method
furst heﬁrs‘cmimanq:esn@i demoaokineaeceptye iaving atﬁrstrtopktlbg‘st &l 4 seconded] ul ar

signal i triggered hy Ii dblndln to.the first topol ogy of, the 15
chenokiepriredlt shemebiar ot | Trg LoD Sloeh T RUREA aslardEss
i nt r acghh ylsap skeAbIMSchchiol B eERPidRY aha aa@etet)ﬂnrgiam%eﬁnha sheyBlhae
receptor having a first topol ogy but 'not the second topology. |In sone

aspect 8st topelogg efithembdunokine seoeplor butzcmes oot Wind foa ¢h£@étkllnﬂ rgeeptEI b2 i n

t ndi f d t | ogy of the chenoki
cooptarond Rty T dupedp e ddfut i RBRRPY, i <' <61 coted from the

grgup 20 consi sfiipg Bf sosfeRbpectsCR2, mEERS furlleRIom$HERD sel 680G, an @gkt, th4TCR8,
CCR9, CCR10, CXCR1l, CXCR2, CXCR3, CXCR4, CXCRs, CXCRG CX3CR1, CXRl,
CCXCKRmogwbaiey cel) funcim. 1In(somresnectsy thpagell Faration isGehsisd EomMeHA™ associ at ed

Her pesyi oupl ed receptors, D6,
and DA%EH?&%S%%{%&%{S@%% @Q %F%}W{jmgl %ﬁlg{rn?tr ﬁsecond cell is a
cancer cell. In ﬂa]sonﬁoa&mpéc& tHehaethad figthec edrhpriises sﬁbc&ngad agerthathe group
consi st nq of a breast cancer . cell arian cané‘gr ce %%rw cal

cancerme@flptes ginageliylas mg@@%ﬁgﬁ@d@gﬁ}gag&émglr@ o Sy st @Hﬁ 053 PEMe | n some
aspect GrenfoRfel rleée?)ttorpﬁl +eb9bas Hgnﬁgﬁpé%nt:@tlat mbdulBted Gt AR 91%1ﬁﬁﬁg>cyt e,

macr ophage, eost no st cell, dendritic cel hénat opoi eti c
st em cteliggerep batighed binding te elchemdline mgqﬁolathmg zsﬁrst m0fng'§)tllt nedithe or t he

second ceI does not ort H V infection ect.s,

ror Sebrnd PopRe DhuBniRaki Heddnlt A0SR Aibvi Aude PRt g BRBE Rt T
agent 1998§f)%h§‘e'3t0f5?ﬁdtﬁg Belh NEandith theaiBedopslaby bf GRHemoltiné FesibenOki ne
receptor. [16] In sone aspects, the nethod further conprlses sel ecting an

agent t hat nmodul13i esInesowsl dspests, th@él@@omggefm@r iselastedrfromathe grot eby
S IR0 LIS, TR e e MRORLRTOR RO FBS°
as peCt@XCRhe CoEIR2, CXCR3, CXCR4, CXCR5, CXCR6, CX3CR1, CXR1, CCXCKR
(CCR11), FPRL1 (CCR12), US28, ECRF3, Kaposi’s Sarcoma-associated Herpesvirus
GPCR, Poxvirus membrane-bound G Protein-coupled receptors, D6, and DARC.
[14] In some aspects, the first cell or the second cell is a cancer cell. In
25  some aspects, the cancer cell is selected from the group consisting of a breast cancer cell, an
ovarian cancer cell, cervical cancer cell, a Burkitt's lymphoma cell and a glioblastoma cell.
In some aspects, the first cell or the second cell is a neutrophil, monocyte, macrophage,
eosinophil, basophil, mast cell, dendritic cell, hematopoietic stem cell, platelet or B cell. In
some aspects, the first cell or the second cell does not support an HIV infection. In some
30 aspects, the first cell or the second cell is not a T-cell.
[15] In some aspects, the agent competes for binding with a natural ligand
of the chemokine receptor.
[16] In some aspects, the method further comprises selecting an agent that

modulates a cell or tissue response in an animal, thereby identifying an agent that modulates a



or tissue response conprises chenotaxis of cells. In sonme aspects, the
chenotactic cells are |eukocytes. In sone aspects, |eukocyte chenotaxis is
decr easedwOlop/ogape aspects, |eukocyte chenptaxis is incr@asaso2/sssssone
aspects, the cell or tissue response conprises the 5 devel opnment of cancer.

I t h 2] | [ j : I
acpoot Geehiecgeplopm et Bk ol b SRR R SAA Th SO pect (B COY.

aspect & tiskiterea @R corfifidee a@Bota A 0Ecellsh @Nsoand fxpeatpaiit chahdtyctruklls aent
anount of the agent is adninistered to an aniquﬂgaving cancEJ (g%7] The

i nventlewkocates.olmpionig apectaricupenie cheraplaxis isdrCERps SPMERSPEHE F3ECYe o
provid e, T I i I OV er@ﬁm identifying a
cancer&greq%l?a%sc%ﬁl{ﬁ%%?dhgﬁ 8&&?&%%&36&@&0 Eelgs\ﬁte (I%gs%’gg%nt I dgrelﬂhf ied in the
abave- ddvelopehenmifaticd NelsorhoaspeXERYe tall @ tiskisseoentssrpLancendrdls elmsapiendi ng of
the agent to CXCR4 jndicates the presence of CTgcer. 15 Lég% The present

i nvent #58RCtaItacL B ISERETSRANAR ERTIISEH HERPIMAORg 12 SORR ASRSRSHES f#4Y binds to a

cheno k&é@?eaﬁt%%ﬁﬂ%e? Ly HaR % R afeutic 1B sff Qe Aehoultiss HO8SerR 9 advhinRicidd thhag

&
chenoki ne receptor hhaV| ng a second topology. In sone aspects, the nethod
conpr i @emal havingpraosdrdi ng a first cell conprising a chenokine receptor

raveptor havi ng O Eecamitoparaty PVt Ryt A0 SARTRAIR e

cheyoki,aeide@asRkors; and iii. selecting a chenokine that binds to the first
topol ogy of the chenokine receptor but does not bind to the chenokine
receptor havi ng @8] seBmiavensissl abspyproyides) a mathed pé1dsapbarga cange! Henoki ne

nodul ates nobilizati.on of .intr l. i i . i ndi ng of
he. cremBRITE S BuRE il bsSeEy s ten SR s S] R SERARRBAA &' IV (8 e
aspect @Xdﬁlﬁnghﬁmm?ld, QLR bindiesfhiecigent tbr@XCRUéndjcatethe presérst iofig of

CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCR10, CXCR1, CXCRrz,
CXCR3, car@R4, CXCR5, CXCR6, CX3CR1, CXR1l, CCXCKR (CCR11l), FPRL1 (CCR12),

FPRLL (CCRL2), ﬁ_@gbuﬁ@%@%gn%%%ﬁéiaéalsg@g%@g 33P0k 8F REnkAMESVI rus  GPCR,

1
PoxXvirus nmenbra rotein-cou receptors, D6, and DARC. 30 [21]
| N songheasikaettbat bikd t6 iarchtmoleint reveptohbavirgofitt taplologyua deesmoebindéd the | n

sonme aspects, the cancer cell js selected fromth ro, consi.sti.ng of a
br east chieakale rgeapfor haKing 3\ s56¢ OE‘ilH@ér CSBFIe,aSEe@&SVﬁbegfpetgg?%%rpprésgf'l1‘, a

Bur ki t b o%idink MBe1 L& thprith Acithnl KM a8E PR 1o inks-a firkNtopOIBBY asPLEdcsud t he
first cel I ogrw?ﬁe secon% (rl}gej% | is a neutrophil, nonocyte, macrophage,
eosi nogdil domprasigphé Chennaksne wedrtor Iwingrd secendctepologyidigonigeling the st em cel |,
Pl 286[ el a}err%rkin% 6 ?I'llel c'helrn%k15ne receptors; and iii. selecting a chemokine that binds to the first
topology of the chemokine receptor but does not bind to the chemokine receptor having a
second topology.
[20] In some aspects, the chemokine modulates mobilization of intracellular
calcium in response to binding of the chemokine to the first topology of the chemokine
25  receptor. In some aspects, the chemokine receptor is selected from the group consisting of
CCR1, CCR2, CCR3, CCR4, CCRS5, CCR6, CCR7, CCRS8, CCR9, CCR10, CXCR1,
CXCR2, CXCR3, CXCR4, CXCR5, CXCR6, CX3CR1, CXR1, CCXCKR (CCRI11), FPRL1
(CCR12), FPRL1 (CCR12), US28, ECRF3, Kaposi’s Sarcoma-associated Herpesvirus
GPCR, Poxvirus membrane-bound G Protein-coupled receptors, D6, and DARC.
30 [21] Insome aspects, the first cell or the second cell is a cancer cell. In
some aépects, the cancer cell is selected from the group consisting of a breast cancer cell, an
ovarian cancer cell, cervical cancer cell, a Burkitt's lymphoma cell and a glioblastoma cell.
In some aspects, the first cell or the second cell is a neutrophil, monocyte, macrophage,

eosinophil, basophil, mast cell, dendritic cell, hematopoietic stem cell, platelet or B cell. In



WO 03/ 047420 PCT/ US02/ 38555 sone aspects, the first cell or the second
cell does not support an H 'V infection. In sone aspects, the first cell or
t he secormomaloh7426 not a T-cell. [22] In sone aspects, thecwatsShwsBsurt her
conprises selecting a chenokine that nodul ates a cell or tissue response
in an animal, thereby j.dentifyi henki gpﬁ . at chenoki ne
r eceptOPe ARRACE g’& frFt)sl°§h@r ﬁjre Sééqq%q;re gsdfc%%rs%é S}lﬁ&é{n anﬁnﬁ@afgﬁ ' gg?r%ﬁe aspect s,

the celpectf tHel SRR SRAREEACRINE hoesTebmt axi s of cells. In some aspects,
the chenofactic cells are | eukocytes. In some as_pectiﬁi?.l eukocyt

e
chemotaxis i s ddéZlkeadedome aspesisnibe asand: rtheraoripEisesselgrting f ghpaokige
incre d. SOIMe As t I t] . ; i t he
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105 celphgduldtss & eivnckapaetpiorthediated Lissue ot calbresporss poasanioahpni vew
inflammation. [23] The present inyvention al. Sﬁ?ﬁ)‘% ovj des net h?d f’i)f
i dent iapRacky therrel ot fHEBIGy cSPPPRSCOBINAES $E M ERLHHENH O SOMEATBFCHANS ng a first

t | . i t ; s d
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n-sone aspec e et onprises: i. providing a first cell
conpr issine@spects) Gnikié e clieamegtiois ihavased. & famesaspecip dlhoepl! erripsee weravsel cel |
15 conprising the chenoki pe receptor having,a second tapol N
cont a@PFW&S%??hQHFYGEWW 8P CRURE cHEMIRPHRE® e@gr??@?’é{,}ssgﬁag?lpﬁgééscg éee(r:ti ng an
appi bedys thadonRl RPsctd, ehdd3g ok kisSie répRAsOGNATsed MBamalEBhKi ne recept or but

does not bind to a chenokine receptor having a second tc_)g;i:)flt ogy. [24] In
sone aspects, t Ha3hetTsprésentineentioormiroipewdeanebed pidsatiig Boibodhat

nodul af es.cel |l functi.on. In sone as .t f [ i cted
fromt %%&(%Jﬁacgﬁmgﬁlﬁ%fe&?qﬂ B lpﬁ"z’.oéc’,gg’ ce &éﬁrnglfl ﬁltd tgglc}jénﬁ?% ?f eration
and C%&epfﬂrgfaﬁﬁl'g_%rbecdlﬁ%%dlﬁgﬁ OlBsokReFdcSs, tHehfethed fuatprisestihprovitimpa i ses

sel ecting an antibody that nodul ates intracellular si gngtlg{e%%otrl ggered by

| i gandirsi astlioegprisingirecheinpkine renspion §5ving a ik ORIREYARA FSCF r, thereby

identifying.an,antib |_at i l..1; i | ol gger ed
byS1 | R e hBlor Ot X EeoldlopAe: i AR blibodt o 0e ot
the 25héeleenskiioRotnay; andri seittiag peattihody et diids bothy firsidapapgy of the

nobi lization of intracellular. _calciumin response.to bindjn f aligand
Lo t hebpmekieqersolon iyt dres PAIEH ShbRIKRP I BERTR N RE AL ORRdR” | he

chenoki ne recept IS f IS §d] eding fan GefB0dyCCRZ,
CCR3, CCR4, mSﬁhﬁ%%W%%%&%o CXCR1, 8&1\’2 CXCR3,

CXCR4, th&DbE  atXEREHLInEXRCRL soraxXRipeciSOkeKel] functun )selepeRifont theproyp  US28, 30

ECRF3, Kaposi's Sarconmm-associ at.ed I pesvi r,us,;GRCR,. Poxvi r us
mefbr £8SIEEREHEL BOPESIS: ElERY F"elgpﬁpﬁfeé T8 A Gl TUgtaloaARC.  [26] In some
aspects, the firgk] cehlsoRe abhtRtss BeanchseiurtheSconfRbs Sdledtiviglan ahtibodsome

aspects, the cancer cell is selected fromthe g,r oup consi sting of a breast
cancerthatghddulatgs intracellular signaling triggered by ligand binding to the first topology of the
chemokine receptor, thereby identifying an antibody that modulates intracellular signaling
triggered by ligand binding to a chemokine receptor having a first topology but not the
25  second topology. In some aspects, the antibody modulates mobilization of intracellular
calcium in response to binding of a ligand to the first topology of the chemokine receptor. In
some aspects, the chemokine receptor is selected from the group consisting of CCR1, CCR2,
| CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCR10, CXCR1, CXCR2, CXCR3,
CXCR4, CXCR5, CXCR6, CX3CR1, CXR1, CCXCKR (CCR11), FPRL1 (CCR12), US28,
30 ECRF3, Kaposi’s Sarcoma-associated Herpesvirus GPCR, Poxvirus membrane-bound G
Protein-coupled receptors, D6, and DARC.
[26] Insome aspects, the first cell or the second cell is a cancer cell. In

some aspects, the cancer cell is selected from the group consisting of a breast cancer cell, an

ovarian cancer cell, cervical cancer cell, a Burkitt's lymphoma cell and a glioblastoma cell.



ovarian cancer cell, cervical cancer cell, a Burkitt's |ynphoma cell and a

glioblastoma cell. 6 WD 03/047420 PCT/ US02/ 38555 |In sone aspects, the
first celwowms/#tieo second cell is a neutrophil, nonocyte, PEEIUSPLIZEFES
eosi nophi |, basophil, mast cell, dendritic cell, henatopoietic stemcell,

pl at el_et or B cel ts,,.the fir r._th ond cel |
does HBFOEEATHSF: fgﬁ fJ’IIfftVeﬁ ﬁ?gletsF‘g]r’ilﬁ off} 1s§bH%utrogﬁh m? nocy?% afl%Pﬁ%gC ¢ell or the
Secon@oﬁﬁ&éhhl %asfb uamé[stfe@lll | dendifti SMEhABAOBbisLIC tstum &, plmﬂm ob Boawiipdhes f or
bi ndi ng w tural |igand of the chenpkine receptor. . [27] In sone

as pectsemetak@ctsethad'dsﬁ@iﬂtdnéhe Sﬁmqﬁrqeﬂébe%mté@w%a%ﬁl Anfestiy IBPEE nodul at es

|1 bod
Tt o HEeS TR bR GRIBERTT FostaFLER: LBEL 0V alBed? 00T n an

anismalcompBtes Min@AP K6thS ndnliel 16@hd of)thetdhslsluﬁneeeq@pme corrprl ses chermt axi's
of cells. In sone aspects, the 10 chenotactic cells are Ieuko% In sone

aspects, |eukocy2d c Harsoma aprscissthg augthodsagthen somprisepseleghag pg an ocyt e
che m)tt@ae c#%liat%sg Séeq?ﬁéretgss%é ﬁff ROEIARRRGhSL tHe Xg@éﬂufﬁﬁg bh S8R dPQﬁaQ onse

conpri cancer. 1n sone ects, "the cell or tissue

conpr ieRhilfeNs a{emckexhd ®ceptor-medivtcd sipeetos celf mmmam on aninss Ul Somﬁpo nse

conprises inflammtjion. In sone aspects, the a Bﬂfd&?decr S cancer
g

when &spaséss Hiseaetliog Aissup r§iﬂ°ﬂ?%‘?°é‘?ﬁrlsafrrﬂm°t@‘fls phee EHPEHAM ni stered to
an an X nist
(r}e I frl{?l(lgaﬁgé{& ?ﬁlsca?@ fe‘akc&cjt&B]In v&ﬁe hdpee! l'eﬁ’lEb ScheRIoPi FiE Ye@basad, y

nti met ho provi ded above. 9] The invention also provides
a net hseme(zakpeodr;mkbg/ytaghemmamsesrmcreaded éromm @apnqsdb@ é@lhﬁrmsﬁ‘@e iRBRADERr t he

anti body |den |f|e in th abov | isted in a
ti ssueOTRRSFLthe %ﬁ’rﬁerﬁl SPHE 25NC Sb ](?yc eﬁ g Omﬁglseg;ét%%rt he

presenchs R soﬁféncﬁﬁécts [tﬁ”@&ellﬂ?%édé‘&@é’ﬁoh%‘ccﬁh;ﬁﬁe@ fhtesione Thense adpects,
i dentifying novel topologies of a chenmpkine receptor. In some aspects, the

rret h odhc: anthoidy dsgregses gantienyhen 2 thesapeuticodly saffjcient 9‘%’8@“ fdlgreeni s type
res %thq%c em)kl %flrece tar; testing a plurality of different 25
nold HB stegid PRB BB PYPESMSHd to the cherokine receptor on the two

cel | types; and 28penthd hv&@iod aberpKicentdnsibody idstifial tyhthe otetnuki ne

receptor on a first cell type but does not bind to the chenokine receptor
on a gwevded gdve. t ype, thereby identifying novel topologies of a chenpkine

ésgﬁgt Or30 E)gﬁ]SI Is E %ﬁ%foﬁé@gﬁo@%@&hﬂ%d&fﬁﬁﬁﬁﬂﬁn§ §ca§1@é1%‘lled fromthe
CCR9, dokigtiing c@@(ﬂﬁlmnglxm,er BXER3H 0 dGA TR fieCXCRE, abCXERSed @DQB’@R@IH@Xﬂl

2)(()CKRCXCR4 in a tissue sample, wherein binding of the antibody to CXCR4 indicates the presence
of cancer.
[30] The invention also provides methods of identifying novel topologies of
a chemokine receptor. In some aspects, the method comprises, providing at least two cell
types, each cell type expressing the chemokine receptor; testing a plurality of different
25  chemokines for the ability to bind to the chemokine receptor on the two cell types; and
identifying a chemokine that binds to the chemokine receptor on a first cell type but does not
bind to the chemokine receptor on a second cell type, thereby identifying novel topologies of
a chemokine receptor.
[31] In some aspects, the chemokine receptor is selected from the group
30 consisting of CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCRS, CCR9, CCR10,
CXCR1, CXCR2, CXCR3, CXCR4, CXCRS, CXCR6, CX3CR1, CXR1, CCXCKR
(CCR11), (CCR12), US28, ECRF3, Kaposi’s Sarcoma-associated Herpesvirus GPCR,

Poxvirus membrane-bound G Protein-coupled receptors, D6, and DARC.



(CCR1 1), (CCR12), US28, ECRF3, Kaposi's Sarcoma-associ ated Herpesvirus
GPCR, Poxvirus nmenbrane-bound G Protein-coupled receptors, D6, and DARC. 7
WO 03/ 04 ™Mp03eCMmLaJS02/ 38555 [32] In sone aspects, the pl eCaltisoy3ssss

di fferent chenoki nes conprise | TAC and SDF-1 and a first cell type

oo s second oor [y H s 36008 bbby it el AT ER A, TS 19
SDF- 1 dad SBF-lcowpdirst dablrtyhe omtnpriges btopebopy d<PPECRS pon athi¢leAIAC 3ndc®DF-1t ypes
are tested., I.Ln.5 sone aspects, .at | east .10 chenokin e tested 3] In
T it e ot SR N PR N Ll A RS s S
CL1, XehZsDEAMerdbt cEiphid 1fo@§%i%%xﬁ?@ﬂ% asheth- 4t 1etG-Go11 ctestk@Ln  CXCL8,

CXCL9, CXCL10, CXCL1l1l, CXCL12, CL13, CXCL14, CXCL15, "CXCL16, CCL1, CCL2,
CCLB, egndaspods.3y laas ) chemokinecategest@lcl 9, CCL10, CCL11, CCL12, 10 CCL13,

Coroa; coros, oSk, Erele s i TR et dr TR AOH IR BS ar e

t et her gfiC1.0, CEDR|GXBEUPRTXEL1[GRTLENCROME, @XPeat 6X % ChEStd, IX 2P
conprises determ mpg(gqthe ability of the chenoki nes to conpete with a

| i gandCeKdis, biXed<D, WY, ERdreldi RXGld2ebROL1BnC&AdH 4ceKICLISECE B0, | n sone
aspect t:h I i . ] t t cel |
type eégrL elégggh’ﬁeg%’d%%féﬁ(ﬁéﬁg’c%%%Ig¢1]£e17’ %p??& %CFFLS@nS@EE’e%@g& at | east
oni) ceCCLgpeCEXYICEISEs CLIr16¢ Ol RaDCL Y8, CXpIce s8R 0cOeink) O€LEEceptor. In

sone a S he cell types tested conprise a cancer cell and_a non-cancer
cell . é@ﬁ%&cﬁ% q%ﬁycﬁ#%@&%m@%pﬁa@@ agfpectfe tthe ehempkines arest

t opol ogwh R4 18 2 BREERKIJAE receptor in a sanple. In sone enbodi ments, the

met hods conprise: C acting the sanple with an agent that binds to the

first topol ogy bi3d] noln ssnsexspends, tiopebtog)steparndiprited éateinngingtiledt dbelitytolie agent

binds to the saml e, there etecti he first topolo of the ._chenokine
P ocon: BB chioREEs Shmparron & Hetrihudds s i dreimek B arn giheel
enpodi fBBL 8 sofR dsPEets NP @inidSs fabea human. | n some embodi ments, agent

bi ndi ng i ndi cates the preSence or absence of a disease or condition
related to a chel®8ki na sosweegspents, at Isag one cehbypdiexpnassss an hedogdi@sase i s

sel ect I e, gr Qup_consi sti of breast cancer, ovarian ncer,

cor v St b SO RHDh: A3l ol SR YL ABEG s ANEN B

gl i obl agiresyet a@saRkinirestptan ¢ Eomé AspeeBEhesdIDEbeERtted chbinprisdwemkdriellr ecept or
is CXCR4. In sone enbodinents, the agent 30 specifically binds CXCR4 when
cont ac¥¥p pop-@xewselln a breast cancer cell, ovarian cancer

20 [36] The invention also provides methods of detecting a first topology of a

chemokine receptor in a sample. In some embodiments, the methods comprise: contacting
the sample with an agent that binds to the first topology but not a second topology, and
detecting whether the agent binds to the sample, thereby detecting the first topology of the
chemokine receptor. In some embodiments, the agent is an antibody. In some embodiments,

25  the sample is from a human. In some embodiments, agent binding indicates the presence or
absence of a disease or condition related to a chemokine receptor. In some embodiments, the
disease is selected from the group consisting of breast cancer, ovarian cancer, cervical cancer,
Burkitt's lymphoma-associated cancer and glioblastoma-associated cancer. In some
embodiments, the chemokine receptor is CXCR4. In some embodiments, the agent

30  specifically binds CXCR4 when contacted to CXCR4 in a breast cancer cell, ovarian cancer
cell, cervical cancer cell, Burkitt's lymphoma cell or glioblastoma cell, but does not bind
CXCR4 when contacted to CXCR4 in a lymphocyte. In some embodiments, the breast
cancer cell is MCF-7. In some embodiments, the chemokine receptor is CCR1. In some

embodiments, the agent specifically binds CCR1 when contacted to CCR1 in an immature



cell, cervical cancer cell, Burkitt's |ynphoma cell or glioblastom cell,
but does not bind CXCR4 when contacted to CXCR4 in a | ynphocyte. In sone
enbodi nenwe,03kE2br east cancer cell is MCF-7. I n sone enpadiusenssssst he

chenoki ne receptor is CCRL. In sonme enbodinents, the agent specifically

pcT) Udsaaisssg ogannny poicler oo rhEGERIE e SECCRINERET R when

cont aghgdcl@e. CCR1 expressed in a nonocyte. [37] The invention also
provi des nethods of treating a disease or condition related ton(dﬂ chenoki ne

receptor in an dA7imalThetitvenfien Blse DEQYRGsITRGthMs L ireating adiFase 8 &M peut i ¢

d f t Ji.d £ [ {siBRh ol d
ther corialetio SgBRholHE R rabE R ARG H LA B BRI ] 0700

copsi shirBgeudit dBEEashe agdnt Rientifielas deasritmarabeve tocarainalin aesctbereoBulnki tt ' s
| ynphona- associ at ed cancer and gl i gbl ast ona- associ at ed %gncer. I n sone
enbodisamstesbodiaeriy dha disesppisisslested AR ICISEMP, COPHIS TEboE Hent s, the

agent dg%n%i‘%e it @&{Vgaeai %hncér”BﬁHJﬁ‘?s gﬁ%@%@ﬁ%&&ia&&l@m@@ﬂ 4Rl glioblagtopsan. 10 I n

some enbodi I'sease 1 s ntl ammatory disorder. [38] The
i nventisaniatdanpeovhdese srbbdidentt thewgeityongrises| angntibedy. binsemgn  agent

specific for a first topol.o of a enoki ne receptqr, but.. econd
t opol Ggipodimenis hpagshbisdn RO X He clﬂé?%(?g’%(? TN gl.e R 6%%16{%? ?lﬁlglalz‘ sanpl e
CQPPr iTfishfe GElboaint i@ &Rt is bRt rPhngery @sérbe. first topol ogy but not a

3

second topology; and selecting cells that bind to the 15 agent. In sone
embodi ment s, t he38heritheiisventionatsopoesidesimetbedreof o angrasitsdhatpd #yent is a

i gand of the_first_topolo ut, not, .t he seco .

erbod weewscith drce it PR R p LR khag b PuBSoRE 1R AM 0l B oo
met hodgfferhiiRithédty i tROmeiho a0t priseaéontaviie g hat@plelbngiisig getlatonmregent al
pat hogen to a cell. In sone enbodi nents, the nethods Zﬁ%‘&g@ri se. (1)

pr ovi dhatgpirdsftortis fivsbiopolosyrprt rait ageepndrieprirgsh and sdlesbingce nd tq{heg

t qQpol ogy and a second. cel | S| cggﬁﬁg Rk Ohe BEMH: N @
sggonoa%%?)tpgtflgw;e e?%?lmeggsh%h%%g?ﬁdgggngrgg%ﬁy ’ tlﬂg t ea@ﬁ{eﬂ?rlglgi ne er:egéé%t ors; and
(iii) 1paheefiRdianopaesy bithat the(sajonditapisogy Intshmefembetinaps Hogellds at he
chenokine receptor but not the second topol ogy, and (b) nodul ates binding

of a _rié@k%i}’ffeal pathogen to a cell. In sonme enmbodi nents, the pathogen is a
parasite or 25 338RC! fd fveridn INIDSVIRAMHEROUSof iddififihG 8h ol has 1 nf ect ed
with a non-viral  pathogen. I n so enbodi nents, the chenokine receptor is

sel ectraddflaesbindmggrfaupnodntpahogey tof ceICRIn sc@ERMbodgoREs, toRethodeRs, CCRG,
g)%é:l?.: @%@Q%}iﬁla? féﬁ%_( C}’@% %&%é%l??ﬂe recce:)é‘gc:)'rQ ﬁavi%?g«a?%?st tg&)%y CX3CR1,
and a second cell comprising the chemokine receptor having a second topology; (i1)
contacting an agent to the chemokine receptors; and (iii) selecting an agent that: (a) binds to
the first topology of the chemokine receptor but not the second topology, and (b) modulates
binding of a non-viral pathogen to a cell. In some embodiments, the pathogen is a parasite or
25 a2 bacteria. In some embodiments, the first cell is infected with a non-viral pathogen. In some
embodiments, the chemokine receptor is selected from the group consisting of CCR1, CCR2,
CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CCR10, CXCR1, CXCR2, CXCR3,
CXCR4, CXCR5, CXCR6, CX3CR1, CXR1, CCXCKR (CCR11), (CCR12), US28, ECRF3,
Kaposi’s Sarcoma-associated Herpesvirus GPCR, Poxvirus membrane-bound G Protein-
30  coupled receptors, D6, and DARC.
[40] The invention also provides antibodies that specifically binds CXCR4
in a MCF-7 cell, but does not bind CXCR4 in a lymphocyte.
[41] The invention also provides antibodies that specifically binds to CCR1

in a neutrophil, but does not bind CCR1 in a monocyte.



Kaposi's Sarcoma- associ at ed Her pesvirus GPCR, Poxvirus nenbrane-bound G
Protein 30 coupled receptors, D6, and DARC. [40] The invention also
provi des wntidhodees t hat specifically binds CXCR4 in a MBETUSomBd5s55 but
does not bind CXCR4 in a | ynphocyte. [41] The invention also provides

ant i bodi es t hat ecifically binds to ' . ] ..does not
bind CCRL in a r@ﬁocﬁh@m@e%ﬂlﬁgp@Wﬁ%qﬁ%ﬁ(}%ﬁég RFé#é;]er %ﬁam%nventi on
al so nﬁ@pé'?d%s&% haBsdiffenisd@ethbliyidngrie danrasinigewhether AT ACOREM.to | N some
enbodi ments, nethods conprise determni g%vvhet her |1-TAC binds to CXCR4 in

a ti ssU¥CBAmph dssugtsemplonwhetsd bindiag of I-TAC todhe f&(Bdodicrisathedtresnthe

presen of a .capcer cell .. ' , Bt ReE; Lhfpe

provi cﬁ%r%gfaléce{ F%lg‘uie}l Of%p%@%“&%%“%%?jg%a%# ng[ vﬁ%&rﬁﬁgmg%etﬁtl sé} e’cont ai ns
celsl s QMRS Wlciert BB Glagoafairs¥eRicdnaisiny adpology BACK (Rrethei indhle
presence of a to resence of

| f CXCR4 th bi | - TAC_[ndi h
cancerTA@ nge_relpﬁggm‘,%ge%@g of h%@lgﬁm ﬁq,af‘ #’mﬁb&%ﬂﬂﬁﬁ%%? ef;g?sgp?ﬁ ned by
testing cm\é&ﬁéﬂﬁg ﬂl?%@go?ﬁ{é&%rﬁﬁo% s SOFAL Hilﬂiiﬁ% (PRI adynstiagsay. |In

sonme enbodi cancer cell 1s selected Tfromthe group consisting of
a br eastetigan<dXC cehpeteawith SDH-ain £ EXER4 Hibdinglabsayc & sdmpapm pisclee| , a
Burkitt's | ynphoma ce|ll and a gliobl.ast cell. [4 The present. invention
150 BT AEL AP tIGrom BB DI VI FAEO bR RN o055 Sk P T e
e”i*bOd'Jéﬁ,“ée%%ricéﬂ?:%né@rfcéu,ccpmkit_?@lyﬁﬁsﬁaﬁah'ceﬁandagﬁ&ﬂaﬂ@nw&.l, wherein at

0

| east one the chenokines is’|abel ed; and a solid support or receptacle
for measuring dH3hoKTIreeprEXCRAVBitidialy. provideoiits fondeastigdt BAC phuling os

conpr i ntibody, that 15.specifically bi QA IGpn -
errbodiﬁ_igﬁgg; %ﬁﬁ‘gn“kf’% O‘gg’r‘?ﬁ fglg%g[if?m%%ﬁefcé @Ogglgsoi gérc rea%lberllft‘gﬁ P lise in a
chenmdkicfie o OMMBE LhnvSkibés 191 dbaleasamila solid4lppdieoniegente fonveatiring al so

provi des nmethods of identifying an agent that nodulates viral binding to a

chenokéhemokime X GR4 hinding Ia somesmbpdigeingy{herduts cawprise azediedy thdhol ogy. In
S enbaodi {.Sq t i:Se. ! i I

cgﬁ;r i S?Fﬂg‘c%’% ndsig Eo'e&‘iqﬁé %?g%%%%gﬁgqlﬁg?tﬁ’gﬁ% |k{r%£s ?&i& r11§1‘%|%ra %’Pif%ﬁbéﬁgkg second
cel | ceamnissongsdihe cbebkiterempettidepiniinhasing a second topol ogy; (ii)

contacting an agent to the chenokine receptors; and .(iiiJ). selecting an
Sent that (=) Eifflis s MREST I ORIMGHA BByt TERGIE PEHERIHeE FRAEROT bu

not the ﬁ(?cﬁﬂﬁg%gﬁ’ﬁ :?)Iggg%{% %oaa{.'&leﬁm(in@‘?gdé #r 88vitk halrsttbpslb Sigbidt opa shten®@ki ne

recept or, ere ying an agent that modul at'es viral binding to a
chenmokiopslogye Cipionte dnzhvidirgetthghd inethpds @Bnprigsolippgpvising mbrst gelbeaanitingopol ogy .

[ 425J ! Q c&%ﬁin%%ge%%oﬁg 1’i:lfe’ ﬁrts{1 gon\ﬁlrrglggonl asndsaeslegt():r}cf3 gellfcro(r)nrlrnlntsg% 8 QRS st ng

receptor having a second topology; (ii) contacting an agent to the chemokine receptors; and

(iii) selecting an agent that (a) binds to the first topology of the chemokine receptor but not

the second topology, and (b) modulates viral binding to a chemokine receptor, thereby

identifying an agent that modulates viral binding to a chemokine receptor having the first
25  topology but not a second topology.

[45] In some embodiments, the virus is selected from the group consisting
of retroviruses and pox viruses. In some embodiments, the retrovirus is a lentivirus. In some
embodiments, the lentivirus is a human immunodeficiency virus. In some embodiments,the
pox virus is a leporipoxvirus. In some embodiments, the leporipoxvirus is a myxoma virus.

30 [46] In some embodiments, the chemokine receptor is selected from the
group consisting of CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCRS8, CCROY,
CCR10, CXCR1, CXCR2, CXCR3, CXCR4, CXCRS5, CXCR6, CX3CR1, CXR1, CCXCKR
(CCR11), (CCR12), US28, ECRF3, Kaposi’s Sarcoma-associated Herpesvirus GPCR,

Poxvirus membrane-bound G Protein-coupled receptors, D6, and DARC. In some

10



of retroviruses and pox viruses. In sone enbodi nents, the retrovirus is a
lentivirus. In sonme enbodinents, the lentivirus is a human

i Mmunodefwoiodfem2wi rus. I n sone enbodi ments, the pox viru®Crarsa2/3ssss

| epori poxvirus. In sonme enbodi nents, the | eporipoxvirus is a myxoma Virus.

30 [46] .In.so odi nent he,_chenoki] o b l.eet.ed Efom the
ar oup ERHSHBETS FORRELSTER eyt RSier A SOHE oS GRERA e JISBIEE PR g
CCR10, InG¥&aBlmbediatats, ¥CRant doXighks vaHCRbirusC¥RadingX3 GRIche@XRine r&EHIOK

(CCR1 1), (CCRl%?, US28, ECRF3, Kaposi's Sarconm-associ at ed kbngfsvirus
GPCR,  Poxvi rus HéhbrEwednpatiaa alsoprevdesinetbeds of dreallRept Bie¥entipg MISEHPIpARC,
In so 10. . 4 : : i , ! cell is a

| eukocyt aéy1r?vs\$h%§!ﬁxg(ﬁ,§%é%8?1§é}%# g?gc{teﬁé P ﬁ%ﬁ%%@%ﬁ Itc|¥£§>rl.t;ag%“lb-ut(t: g Igtl ; éeI%ﬁﬁds one
ensoditapsibgy. Inheneeaitodinems tesmeihbls eomprisa sdfmdristoiingla therapsutihdoseloénoki ne
receptor. [47] .The invention also provides hod f treat.i or.

pr everthe agett ifeatifiphis desgribed AbpYE to FeAnIBRlA éle‘%%tﬁlﬁre(? ﬁe m‘?een?bé’@gﬁ?%sr’ havi ng
a fir . JSTE/ARBO dh kBRES, the
nethogéeggﬁg#gg%mggﬁpﬁﬂ%f%F&ﬁgggg?ﬁgégﬁgﬁfgﬁmﬁiﬁé of lth_e.ag_ent identified
as desmmbdiderthdberetroviaus ianilemiviius. fresung dnabaslivhents,ihe lnmiivepoisdibvgdtls,  t he

virus is selected fromthe gro consisting of retrovi.r a

Vi r us d8MynedeBeEnCY S of rfBWgsefnlifoﬁgn?@%?lchgﬁvs}qsés %ie}pg{ﬁpﬁgl)\?/‘lgﬁlﬁ's ﬁgfoﬁl%s(one
eodi i BmeriB8hd RPSAYIHSs isSa ﬁPrMH@_{)irué. H¢hagehiboiiensys, Vid ssmallina sone
enbodi nents, the pox virus is a [eporipoxvirus. In some 10 enbodi nents, the
| eporilpowan.rus is a nyxona virus. In sone enbodi nents, the animal is a
human. [48] The sent invention.al M - i
apoptosi s 1n o Bibocnicure ryeRiRA% BERLER mehofRiMcpls foBBEL AT

cont acy ididet (8. CRABSIRE e®Bbdiméhishthdmetdconmistagmmicting thecanoereel mbthdinnent s,

the cancer cell is selected fromthe group 15 c nsi%%;n “of a breast cancer
cel |, SAFdvantaganist dncemecatodinentsteeganes sell is elqcfed TORIRGEOEP s | yrphona
celd and a..qli ) : [ 49 i " to a
paypepeRul bR AR ef el an Sl HER gL e el PO e Bt

I Munoghphuhiarely enes glisbladismgoeht s t hereof , which specifically bind and
recogni ze an anal yte (antigen). The recogni zed i munogl obul i n genes i ncl ude
the kappa, |anbda, al pha, gamma, delta, epsilon and nmu constant region
genes, as well as the nyriad i nyupregigbMis n vari abl e regi on genes. Light
chains are classified as either kappa or |anbda. Heavy chains are
classified as gaifh, 'Mntibatiphwferséd 2 polypaptidpsitistamtialihpegedediby @ n 25 define

t f&% i n};rnulplgggg?(%%lhln réel(fel grslsmerrslunolgga%hli{l%%es! grpﬂ‘agln%gtsatﬂgre!)g '%rhi&?ﬁy@gi(ﬁtcﬁﬂ’f' y.

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

kappa, lambda, alpha, gamma, delta, epsilon and mu constant region genes, as well as the

myriad immunoglobulin variable region genes. Light chains are classified as either kappa or

lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, which in turn
25  define the immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively.

[50] An exemplary immunoglobulin (antibody) structural unit comprises a
tetramer. Each tetramer is composed of two identical pairs of polypeptide chains, each pair
having one "light" (about 25 kD) and one "heavy" chain (about 50-70 kD). The N-terminus
of each chain defines a variable region of about 100 to 110 or more amino acids primarily

30  responsible for antigen recognition. The terms variable light chain (V1) and variable heavy
chain (Vy) refer to these light and heavy chains respectively.

[51] Antibodies exist, e.g., as intact immunoglobulins or as a number of
well characterized fragments produced by digestion with various peptidases. Thus, for

example, pepsin digests an antibody below the disulfide linkages in the hinge region to
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[ 50] An exenplary i munogl obulin (antibody) structural unit conprises a

tetraner. Each tetraner is conposed of two identical pairs of polypeptide
chai ns, ewoh3paiseo havi ng one "light" (about 25 kD) and omeT/Uusezsssss chai n
(about 50-70 kD). The N—terrri nus of each chain defi nes a variabl e region

f about 100 to 110 . f
gnt ?gggpqﬂéég O@ |aéiﬁmgl‘r‘h{fma[3 s ﬁaéﬁ 1§h{)r}’éﬁ’tajrc’l it?'n K;?_ %%h@gﬁdg&r e heavy
chain (‘)’SMT') Tﬁefga'b) ! HlaF/ e §§1uké<ﬁtﬁ1{deﬁﬁﬂldf&%ﬁ&fﬁoﬁ@w ¥Gald (86 ﬁﬁﬁtﬁdé&inkagd fthe

Ant i bodi es exi ., as intact inmmunoglobulins or as_a nunber of well
char adiregei rzgdnfthagb;e n@mfegmgdhezﬁ@bbydlmeg elstD iapfrabyimenoperi dbs Fple prongsses .

S N e e e

di ger ofirdfabio ']‘:@a@eﬁ P&%k fNY§19@3%j) OMhil€haidus apliel) ﬁagniéhlts@rﬁddzmled ini sul fi de

bond. The F(ab)" be reduced under m | d conditions to ?{eak t he

di sul fi¢rdes dftlnm@gesuon qf e intpgt apiebadygprsrof skibwabgpreemare fat s iFReMIeRkh) ' 2

di mer intoo an_.Fab nome y an Fab with
part OF%% t??esyﬂfq?éléquv 1O e(lt%‘gre&%gl @y@@%ﬁﬁ&m égr%%t?éﬁ}]lrt m*ru}ﬁol ogy, 5 Third
Edi ti eieth&avesy. Priggsthe NYm(h88&dy), as Whidllereiardlaliaciadts anotiydy fragmenis s ar e
defined in terms of the di gestion of intact antibod ne of Skl|| wi ||
i ccilherprodeddydhe MOSHHRRIO! e B RO RE dlos RIS ¢ Pr Biins

g%l dntbiQnt N trﬁéth&doﬂ%lﬁ'ssogﬁgirﬁ%f’c@ha% met hodol ogy. Thus, the term

as use hereln i ncl-udes ant’i body fragments elther produced
by the m)dl fi cat[s2n dfCeMwItlesuamespbnshsésefms te hoh@ggybﬁsﬂa@s?fmlldetlﬁ%@o usi ng
10 reconbi nant DNA nmet hodol .0

chain, F
ti ssudnfl daghwies sghulppiegpansesgn cga Q&@Bgﬁ?k ng@moqm@hg K %/ﬁeé?ékgl IS he gﬁ (Lljgngr
I ncl ugess eghld gbﬁ‘ges "vﬁﬁcﬁpﬁﬁﬁe &tﬁﬁl&iﬁﬁg bR¥%hEMBKRE kdteplotiadd® trathnitgntirane

chenoki ne receptors. 1 ned responsSes which may be stinul ated_by
c henmokigeling zeivaio df rwtomtjiemtor sagrmgﬁwﬁées Sﬁgﬁ@ qte gearlé?@gﬁm@%ti %ﬁheﬁfm

opI sm c_signal.i ng cade tos g si on,

Hemot® 9‘?‘8”"%8’3’@?18?7 %tsést’ 8§tb]§m¥@§? |1(r’1% ené 31%{1@?631?1 gens. %Ctl on, gene
repr eSgiRifion 'oﬁ‘?ftﬁélh%ﬁpl%ﬁsuﬁf of RloBulkK P 65&IAMhr gﬁj’wtl’[mddl Hﬁfdramaabn cel lul ar
grovvt h and differentiation i ncl udi ng the devel opnment of cancer. [53]

" Chenok¢lnding dhe dm@@m@nh@fqan@eand refers to a small protein conposed of
appr oxi mat el y 5&0&]0 L %{E'klh%”g?" ﬂﬁﬁ@é&”%{&?ﬂ)“&?ﬁﬁﬁl vgg;)lllogy with 20
nes

ot her known che see, Phar i nacol Rev.
52: 14%0inffoséL0PhloxifarRynid WGSOaﬁﬁn@hm&mﬂd shering supelicedonmlogyevitel at i ve

O 0tk B e EATS T AP R B Y o o
lsﬁp?rhgél?e%éﬁne% We ShAK SR ROBAMAS ik refalive PHEHBIS JT8Re RV FaiROf AeRMesCES) € nes.
found in the primary amino acid sequence. In CXCL chemokines, the first pair of cysteines
is separated by any single amino acid. CCL chemokines have adjacent cysteines. In the
CX3CL chemokines, the first cysteine pair is separated by 3 amino acids. CL chemokines
25 . contain only a single cysteine in the homologous position. Chemokines can trigger biological
function by binding to and activating chemokine receptors.
[54] A “chemokine receptor” refers to a polypeptide that specifically
interacts with a chemokine molecule. A chemokine receptor is a G-protein coupled receptor
with seven transmembrane domains. Chemokine receptors possess several common
30  structural features including a highly acidic N-terminal domain; the amino acid sequence
DRYLAIVHA (or a minor variation of that sequence) found within the second extracellular
loop; a short third intracellular loop with an overall basic charge; a cysteine residue within

each of the four extracellular domain. Typically, chemokine receptors have an overall size of

approximately 340-370 amino acid residues. See, e.g., reviewed in Murphy, P.M. Chemokine
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CX3CL chenokines, the first cysteine pair is separated by 3 am no acids. CL
chenokines 25 , contain only a single cysteine in the honol ogous position.
Chenoki neso®an4t4ee gger bi ol ogi cal function by bindi ng toPrPam@sarsdssat i ng
chenoki ne receptors. [54] A "chenokine receptor” refers to a pol ypeptide

that specifically. interacts, wt e ' 1 A nmoki ne
recep efftgrség ¥y SCRIEBIT e 2@8@@}5‘?%@%&?%@%@% r]“gr%]slfrggbrane donai ns.
Chenpkihe,d/RaHBt 80 S8PPSFASS ERUFhal chepBRme ra@pirs inctudead.gf €atabemskinec! udi ng

a highly acidic N-term nal domaln; the amno i d sequence YLAI VHA (or a
M nor reeepioas (imiud.iflgﬂﬂil,%ﬁer%i@%mﬂﬁaﬁ%‘k%@s%%&@%@t@ ul ar

| oop; r hi.rd intrac . ; e basd a

cyst ei(ﬁ%ﬁ@s{:g é"‘}ﬂ“t*%r}? receeg{t:(#%lg El%l h@g? ﬁﬁg’x@gggl F%Hé{rl oncg{lﬁ@{r(ggsl cally,

chgMokind € XEROPCIBERIAVKR) COXRCKRI(CER2 ), thk viraPpreoxideedtchbmoldn®- 370 ani no
acid residues. See, e.g., reviewed in Wr%{%, P.M ﬁ@g@ ne. 12 WO

03/ 04 1ac0trs /9380 ECRET oK apqae € S3tcore- aseariivg BRPCRET e ®IE"%000; and
Loet SGGhpane At Mdisheuichireckptork Bk Ay A0l . 69: 881 (2001).
Exenpl-ary chenokiné receptors include, e.g., CCchenpkine receptors

(i ncl udi ng CCRI ,[S8JICRZTheGER “peffilomiGERE, ardCReimaticRTefegorResyntheR®, and

2 e o G el BT B L
(C:;B%ED k%o onfsfe B%@{nig‘s oD BemSGRE Rcep e Tbiide SAlSAMRe daiohBlue ehpesvi r us

Irus rane-bound G Protei n-coupl ed receptors; D6, and DARC
[55] Tjtenherntcal peiusiyasmorepéntideants withmspperties aadgzons toatheseiihs i

chem cal conpound at _has substanti al | tn ra uncti onal
char actF@Pfa%etr?e(?gH%f H;?ﬁ R 8%‘?'??@1({&00% S%I?Cisa%rg ?%Eleg @%g%lgﬁl&lneeﬁ?gc%pt or. .
Pept i decailnRaiste"qFRRIRERNY Y A4S Ohufz Ret. N6:39hADSB)C Wb ércakl Hreidinger FINSSD.
non-peptide drugs with properties anal ogous to those of the 4@&'@]% .
pept i C@.Zt(_‘l'g%%'{aandy@)‘@@f of alnédu%&}le@é%é%%oﬂﬁéﬂa?”@“i rgé‘g‘"ﬁg’? 1@1 R ti cs;I
or epti dom d.csh (F e - ; iidadeber an
P ol REECe) &%qu “%"9"%5‘?%‘%5%‘@ sty sindla 6 R pedtafy ?Cheﬁ%?ﬁl%eo: 1229
(1987) mayé 6d2das prddnconpequitaenthe etiancdythdGpewicangnemiylackepffede m nmetics
that are structurally simlar to éhe,ra]ggutl cal(ii useiful 'Heft' des may be
used t@erraliupertisdamaiativeATe ATUGRAERHERCEE ¢ HER é@lﬁq PBHpHSpRyl actic
SL{ sgg%({l}lpggﬂﬁr ﬁg{ as anﬁgfo:gftgmﬂﬁ{ahﬁ&oﬁfg?caf hEHEE M Mok hveSdd® dradoré pertidear adi gm

a polypeptide that” has a biol ogical or pharnacol ogi cal
act i vi Enkegesuptiohaliserephieedby abinkagsesplertdé filonmtha geeuropmisishag Py e8epl aced by a

| b SRR LS P i il BRORERE i 5
m et i g1680- bErEniNaic GRtde @hYr &RIINYSQHpSed DY ¥R o nomanmmh tntiedueanal ogues
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
25 alter the mimetic’s structure and/or activity. For example, a mimetic composition is within
the scope of the invention if it is capable of inhibiting or increasing the activity or function of
a chemokine receptor. |
[56] The term "gene" means the segment of DNA involved in producing a
polypeptide chain; it includes regions preceding and following the coding region (leader and
30 trailer) as well as intervening sequences (introns) between individual coding segments
(exons).
[57] The term "isolated," when applied to a nucleic acid or protein, denotes
that the nucleic acid or protein is essentially free of other cellular components with which it is

associated in the natural state. It is preferably in a homogeneous state although it can be in
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of amno acids, or, is a chineric nolecule of partly natural peptide am no

acids and partly non-natural anal ogs of am no acids. The mnetic can al so

i ncor por awe oany74a0mount of natural am no acid conservati ve@C3iser/34588 i ons as

| ong as such substitutions aI so do not substantially 25 alter the mnetic's
e and/or activi.t W t hin

tS L(raugf?ﬁb%r %@rytqg@quéﬁqlp% i i ity apcg?ﬁglgsg%}egy(%% ttb’ﬁﬁ%l %ﬁ g@‘llgnc% easi ng the

act i Viagh¥lyAtalfcBeisti9Rechhiquas Sita P kbRactyRaenE Qél ele[cﬁrG]])ho'Fbﬁs behigh " gene" neans
the segnént of DNA"i nvolved in producing a cig)pe ptide chain; it includes

r egi opsripreawgiliqyidaitornypgrenin tljlﬁ@te@dh@trigtheé’é? ﬁ“{l‘i‘r@éﬂ%pﬁesé’r’iﬁﬁen@@ Xrailer)

as wel |l as _int.er e C ) ng
ceane i @S R AR 3R pbl B AL RRR b Pl ROmRRR 0 i
or 5pr atRiifg frd@eotRslarikitat gértteand wnbedeca protein othexphalt thergens obmsaedti dhey free

of other cellul ar conponents with which.it. associ «? nlgfﬁl e natural
st at e.temm "pusifisdd degoles| thatiamuglertarid ehgiRin gt"ﬁt ’éseatPteﬁ%?ﬂgﬂl Y PREYgR ®n 13 wo

03/ 04 742 roglgt:-rt/eﬁjcs &/ %gﬁﬁﬁlaﬂg i RRGndiy gf the Qiﬁcléﬁlégfﬂucﬁ p‘f&l?ﬁ!ltlb afllcadr8594 prgnd

honog enai Ly are etermned using analytical chem stry t echni gues
such asor@rsfaabiy ameadwsgepuw, auimopttmcfeabiy ajﬂealatiﬂ%pp@rfor mance |iquid
chromat ogr aphy. A rotg is the é)redom n eci 83 ePr fetcﬂ% in a

preparation is s& %ﬁnfiyr?fﬁlislt‘?la’é&g %a?‘?‘? p S 0f SMeL By gene is
sgpar actaﬁgm%@gtn@g%qo§cﬁmlﬁgr&éﬁgps that flank the gene and encode a

protein ot gene of interest. The term"purified" denotes that
a nucleic acid 0[|59bro$£ems¢d@|ems ‘el ggent ghag indto atopglogy ef pghemeling n'

or ot o Areiog degiapaisaintifce Rty SREPT AL UG AREAT” 20y ot

pref er@bidedtio hﬁﬁ@é a ggfﬁnﬂbﬁlﬁgmﬁlﬁ%elé\ranﬂ HeGRmee, ergeftli‘di sbitity @rsigdfeantlye. g., a
pol ypepti de of other nolecule 10 capable of binding to a chenokine

r ecept@mpe[mlbmlngs‘@&l hé@fétafll Ch%@klﬁ%)]é%ﬁndttﬁat"hﬁpﬂﬁge FGCRE%F Bfpol ogy of a
rmkl ne'" bi f S gh
i HIW? elugg gfytrgfeg%n%g i n| %@éﬁggh |a£?ozlﬁ%\ﬁt%%0?snguceﬂggnpdtltjg?%bc ong cally
rel evagnet, J£5DQRASR, 1 a@d Biguretsh Sombiekdntiptary egenisguiihfhigheaffihity wild pette af or bi ndi ng

with a natural chemokine i gand to chenoki tor,at 15
phar mat@EQinﬁ af 2 9hq1’@1kéftﬁefﬁ?epé9fn‘¥]§hﬁrt %%nbtﬁ&?aéer ghan C&i@ %’P?eﬁ A Bwer

than g E 1&[ %ﬁ agéltgl?at fﬁ@fmbﬁpé’ce%l%lfdtﬁg' 8th%: nab@APreB4RGMP| ary

agents W |n| ty wll bind to a topo ogy of a chenoki ne receptor
Wi t h argaaﬂfwmnme ageeasm a tovaentt s Npwenthars HiveMi wiskbagonardered to fiagt 10-7 M
or /4 _An agen f?ﬁi}fall to conpete for binding with a natural
r@@eptlB’Pd for 8?‘10 8“&’&8 is in a concentrations |ower than 10"4 M

w 'l be consi dergg] t o<vVil@binding” refers to the ability of a virus particle or a portion of a
virus, such as a viral envelope protein or fragment thereof, to bind to a target component such
as a protein (e.g., a chemokine receptor). Binding can be measured using standard assays to
determine binding affinity. Such assays include, e.g., competitive binding studies.

25 [61] The term “nucleic acid” or “polynucleotide” refers to
deoxyribonucleotides or ribonucleotides and polymers thereof in either single- or double-
stranded form. Unless specifically limited, the term encompasses nucleic acids containing
known analogues of natural nucleotides which have similar binding properties as the
reference nucleic acid and are metabolized in a manner similar to naturally occurring

30 nucleotides. Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof (e.g., degenerate codon substitutions)
and complementary sequences as well as the sequence explicitly indicated. Specifically,
degenerate codon substitutions may be achieved by generating sequences in which the third

position of one or more selected (or all) codons is substituted with mixed-base and/or
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20 bind" for the purposes of the invention. [601 "Viral binding" refers to
the ability of a virus particle or a portion of a virus, such as a viral
envel ope woeB®im2or fragment thereof, to bind to a target PCOMSonsssss such
as a protein (e.g., a chenokine receptor). Binding can be neasured using

st and as t i Endl: gfd | nd i.n¢l wde, e.g.,
RSy B PR, D ks S poR e

" pol ynBie). €Heird250:260582608 @ 98se and/Cadsohnaiel.€0992)eRosolini dahydbe delldes and

pol yners thereof in either single- or doubl.e- itrar;g d form glsﬁ%rsﬂs

speci fE7okps §:L98i(1 2W) 1 Hee tern midnie 3ridds usrd iptsEghangeally with et dPNtng  known
anal o § ﬁfl n n otides which have sim |l ar binding properties as
t he ?éeh?erenéeé}r?gé?de]?}éyg%r%d and are netabolized in a manner simlar to
nataur al |y occurre2y 3Dhaecheiolyheptiddnl‘@psidet met \pretein’ntd wad ed, a

Cons or HisUFBESAORL BT as PHECTRR R SBFY e resipsSo T B BRlol?

subst i éﬂfi}lb ARRDpolAAEks STl B8 bafbr SARME NERSreAGudMdlah aASHdiAIRheRIMENCE
explicitly ncﬁ cated. Specifically, degenerate codon substitutions may be

achi evetndiic gfermeraspogingeptealtesccirringrinano pbid, ahwellias feawiuralbhostreige or

nore selecte r all).codons i.s substituted With m xedc 14 WO
03/ 047930 @@%/95%6%7% §23% %0‘1'8%8 v RGEITHES F‘é‘él?od%"\éép‘?ﬁ&eﬁse ?x%fsécgp&%%% eic
Acid Resins diRoRP8ds £nli88 hhid Phis Ukahydbngh, inclhdingBu lengfBhaticirdDe. 2605- 2608
(1985); and Cassol et al. (1992); Rossolini et al., M. Cell. Probes

8: 91- omtigaigdAyhereinitbe paing asifiesifeesaes Hnlred hyswryalent RpéHa RGOl y with gene,
cDNA, and nmRNA od » . - Ler : ge, "
"peptide" and " p@gf ei ﬁﬁ0p§¥° ugeg%gt? %tﬂ{errg%h%%%ggﬁﬁlyﬂﬁgrug?%ﬁlﬁgfreg g’r to a

pol yneihclflingriun gotddhided ©Todftematicise Grerpobypapiide/candormwmor moied pol ymers in

whi ch one or nore amno acjid resid is.an artificjal chem cal i.metic of
a cor riepplesigs méen thaamainp poiddesigyes ﬁgﬁ‘&rﬁoh@e%‘il‘ﬁfon&éilﬁglem %@CWBesné%‘EI |y
ocgurring. . am no aci 5 A g agRino acid
poﬁ;rreé Qz.ﬁ'u ﬁg}u%glggﬁdg@e]&ﬁ%l%{gﬁé&lgﬂgé‘? ﬁs%ﬂgé:%%g{s%e g?ngﬁ]g; aci 3 chlai ns of any

| engt happrevidte diantheftwbltopdogiedcaprsomeiimss §lso be represattiedbpsyo didfeeensiaminche ami no

acid residues are |inked by coyal ent. peptide, .bonds. 1., .Topol " refers
to a tHHGERIUPHEHST GnirO %‘W%}Fﬁﬁ*}ﬁéé B8 19 RBissEaS hiieet i adg T YER i ted
to Contfogél'ggfe's‘aﬁbe £ 76 RO iR @ Pl seearfeicd Fsb Q3T 't iy les AB R ceds @O 1RGE £ When t he
am no acid residues of the polypeptide formdifferent structures. Wile 15

a par t padypeptidatd erdy &b dopoéegiesn dbe teneldgyrofianadyneppet e kesalterddbyecst skill in
8y i SBBLE) 5385 S FELS SRGRBATRLA RS, o 0 .
that VgiodphoryReabs 6f désho¥shoeylaiae For kRarasld] dHeatdkinstrbéeptor topology is
determined, in some embodiments, by the cellular context in which the chemokine receptor is
expressed. Cell-specific receptor topologies can arise as a result of interactions between
chemokine receptors with each other (dimer or multimer formation) or with other cell surface
25  proteins. In addition, a specific topology can be determined by other cell-specific
components such as heterotrimeric G proteins, receptor interacting proteins, cellular signal
transducing molecules, or the membrane phospholipid environment. Intracellular G protein
subunits capable of modulating chemokine receptor topology could include, but are not
limited to; G alpha, beta or gamma subunits. Receptor-interacting and modulating proteins
30 also include, but are not limited to, RAMPs, cytoskeletal proteins, adaptor proteins, receptor
kinases and other membrane associated enzymes.
[64] The topology of a polypeptide can be determined by analyzing the
binding affinities of antibodies or small molecules, such as antagonists or agonists, to a

receptor topology as described herein. Specifically, different topologies can be identified by,
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t opol ogi es can be referred to as a "first" and a "second,” this does not
necessarily limt a polypeptide to only two topol ogies. The topol ogy of a
pol ypept iwe osas4be altered by, e.g., 20 sulfation, desulf &Cirarsp2/38555
nyristylation, denyristylation, glycosylation, degl ycosyl ation,

phosphoryl at.ion or dephosphar For exa l.e i tor

t opol o8 Ds‘} Tgren f rea&h‘”% ”éiﬁ)x%laf’%ﬂﬂ g{g[ipop ngagglg ﬂrnﬁ fgegﬁit%ext in
whi ch %éaﬁd ‘Bﬁﬁiﬂg BEfiERiEERY affférént 1%Rd SF5iSRTs, ,Qe) IpharsiR61dgical dieaapination

t opol odi es can |se as aresult of interactions between chenokine

recept(oes dlﬂetdmtlelaabmht(ytthbmd(td ian@/or be stimlatedby smaH maleanss).cindw) eleted her cel |
surface Zf l.n_addi tItO an bslggﬁgfl c topol ogy can be determ ned by
ot her HF argﬁﬁ%(&s?sl &8 dBﬁ?fBﬂ%sﬁtg ‘eterotrimeric G proteins, receptor
i nseracting protgsNs, THeabdny ﬁﬁm&la@ﬂa&efelfsﬁ@ﬁstdtaﬂyngcmingmnﬂemthﬂrc t he
menbr ane phosphol i FI d environnment. Intracell ul ar 9;8 subunits
capablamipb apidelab seilng agthemesid ﬁ@alewﬁtaa}mq #pd nagsticsihp upﬁeﬂnua@ but are
not Ilmtedt gagggg: RefERE AhriddYcidsaed | ng and
nmodul aqlf‘ @E Oﬁgegg&@%}é N 1&2%&%{3&? |0I m tgg : RC>AS
cyt osk@bst @bocwacuyeh@ genotid apd@ fas pzretltae those amem&mictsrthatlaurmh%sn@lm@bdoe Ber
menbr ane assocj ated enzynes. [ 64] Th p y of pt| an be
det er iYSERKYBYPERAT-GA Doyl Hamals; 3 G a%r’%f) Woﬁﬁ‘ﬁ] %’gﬁ’lg%’ée e(')rP(Es nal |
lhecy ! fE ﬁ;gpé‘ﬂhx%% §Q Aurall9CRAGhg LRRW RaY as

ggscrl‘%)%gpoﬁlé?%@%%§ggﬁ:@%?{éﬁlg§,c drlnffer ent %%ponoglaeg can bg identified by,
15 WD 8/ @M&Zﬁbrﬂﬁﬁﬂl&]ﬁﬁﬂi@l&%ﬁ/dr@eg, 3 carhoxil ’gmpem argHO; %@‘éﬂ; apdaeRi vi ty,
i ncl udi ng nDnocIonaI ant i bod t|V|t 2 er.e ndi ng
speci f$IE1R;i 6y, NOBJOSEHIRG; QP%?HCH?% O%IP? f‘ﬁf%‘ Q&me hl%jm r}}é ?’%@‘?fém
di scri ﬂaﬁ%lfxfags hdve n'%odlﬁéd ng%&mt(b al, namdci of mobified Iieptlae‘lbucﬁboﬂee et i mul at ed
by snma ules), and 5) al tered cellu r esponses, i n_response
t o | i gatedn mersatnngas@cl[l@a]:al'sn@cmq a8 2 BAHTALY @Qﬁumn& @@P@Ctdo ri*él@l&}? afifty

urr| ng .ang n.no ; ogs and

o et vt i henie PR i nafa Mo TRy AcRAl foAna; POB BT
OC Cur r g hgraA Bhdhtic A GirtlSturd\sitanraahihy acidclirt than erﬁﬁbmmnnahmea smllar hosze encoded
by the genetic code, as well as those amino acids that are later nodifi ed,
e.g., nawyaHpReraNg #8inoackk r ) - car boxygl ut amat e, and (err)-phosphoseri ne.
Anino acid anal 048] " A% 181 ¢ QURAUAAS, bRt Bkte: MRiS@nGRs ¢ cheri cal
structure as a y occurring amno acid I.e., an a carbon that is
bound hven thydneage symaolear bpxhd orgrletigy,symhola mqmmrgﬂmlaﬂ byahﬂjw(ﬁ%@r ou P,

., honoserine, norleucine,  nethi £ oxi de on| ne, net
St oanshemlseJcmora?raal%@@ YrapBisHion; W%%O%eﬁ g aiay b 6%‘.’525‘)6“
modi flgc 1%, %CS BEster Bolles. retain the same basic chem cal structure
as a natura currlng amno acid. "Amno acid 15 mnetics" refers to
cheni cal conpouni#d] t horsawetively trodifiedrverianisit appdies|icf beth aming gcithandhe

nucleic acid sequences. With respect to particular nucleic acid sequences, “conservatively

modified variants” refers to those nucleic acids that encode identical or essentially identical

25  amino acid sequences, or where the nucleic acid does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy of the genetic code, a number of
nucleic acid sequences will encode any given protein. For instance, the codons GCA, GCC,
GCG and GCU all encode the amino acid alanine. Thus, at every position where an alanine
is specified by a codon, the codon can be altered to any of the corresponding codons

30  described without altering the encoded polypeptide. Such nucleic acid variations are “silent
variations,” which are one species of conservatively modified variations. Every nucleic acid
sequence herein which encodes a polypeptide also describes every possible silent variation of
the nucleic acid. One of skill will recognize that each codon in a nucleic acid (except AUG,

which is ordinarily the only codon for methionine, and TGG, which is ordinarily the only
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general chem cal structure of an am no acid, but that functions in a manner
simlar to a naturally occurring amno acid. [66] Am no acids may be
referred wo ohesa2N by either their commonly known three [PeTtusn2/3858%001 s or
by the one-| etter syrrbol s recomrended by the | UPAC-1UB 20 Bi ochem cal

Nomencl tue |on tide | i rred to by their
comoriP§oy ,&j{l@e F@?j{tgegi Z aff@fna&ﬁqg‘gfc\?g% e%{lg nodi fi ed

vari a@&&orcﬁﬂ@!yl &r%h %ﬂermaﬁmﬁmo&r@ ndsleft Rwhitdeheddes apobYpepttieananplicibiht h
respect to pafticular nucleic acid sequences, "conservatively nodified

var i ardash desefibedssegoertchose nucl ei ¢ aci ds that encode identical or

essentially i der‘tgh]c arﬁ\sﬁtg a%ﬁ%xoggcslgcécgleﬁg %u?&Cc?fsskll%{lm%f%liegﬁatrm&llvﬁhﬁl acid

does not encode nce essen entl ca

seguengBstitutRaEageidk of haliteges @rnaﬁlflooimd eptiRnpéliyseptiddeor protrinber  of
nucl ei c acid sequences w |l encode any given protein. For instance, the

codon §eq3(gqce whih altescaddser delefes singlcdamorgid o i STRLLASTPNREs Af RBINOThys, at
ever y e en\é¢I e{dhseal%ngé ﬁry ‘%8 Sell'Vc'atI%g hgdlggd péﬁa"ﬁt ’thet zﬂﬁsré%ﬂﬂon can be

al tere orrespon I ng co descri bed wthout altering

t he eﬁé@ﬁh@(ﬂn ﬂ@l sypehitiiicheof aBuatin il eiith adiethicdlyisahilonsiae eciisi | ent

variations," which_are one speci.es_of .co erv ti velg rTBdI fi e vari ations.
pd

Ever y GRISPRGvegibatituien ablss aTavading fmgkp eWE‘ gL Y pEpts ]dlénogf 2]
degcrighe ?rt egﬁéﬁco%ga%h@ﬁg ﬁea?}ga viRstahiean a@ditioh REarAUR! Ritex@tddl. One of

skill recogni ze t codon in a nucleic acid (except AUG which
is or ¢om5anmﬂph1ct\/faaaan intecspecies ficomolpgs, hind aileles ofgheliny@tionahi ch is ordinarily

the only 16 WO 03/047 CT/ US02/ 38555 odo for.tr can be

nodi fied to yiel g ﬂ}?cf{)r Iowie e t%"r’i’ﬁ’?@%’:ﬁl é%%ﬂ“é‘o ax%ég%{r%gpngl y, each

Si | entooiaiA/eallb @l andlil whi ch encodes a pol ypeptide is implicit
in each described sequence. [68] As to am no acid sequences, one of skill

Wi |1 rigcogrhleeinelfad, Gloeing(@ual 5 substitutions, deletions or additions to

uclgic acid e ol ne , or protein sequence which alters,
ac}g 025 del ?pélgtléoacgéhg)l’ ghg?ﬁl% gé(:Eg or a small percentage of amino acids
in the encoﬁgﬁm%gfa@r)cgmmmge {opnservatively nodified variant" where the

alteratlon results in the substitution of an amno acid with a chenmically
sinil &) anidwginies R), Lygsdrlvati ve substituti on tabl es provi ding

functignal |I¥ I%ﬁﬁ}ld ? g&ﬂg ﬂcl\/f’e?hlgﬁﬁe\(ﬁﬂ)l\éﬁl . 0 ' n 10 the art. Such

conser atlve ants are in‘a to and do not excl ude

pol ymm@)phi CPheayia&mtrﬁa (F) ﬁtyﬁrsﬂme(M)e’ErybmphhmgW) and alleles of the invention.
[69] The foll ow nlg rou 3 each contain am no acids that are
cafserVat i VETHGHZE | PB]ﬁ T¥3Pdone anot her:

8) Cysteine (C), Methionine (M)
(see, e.g., Creighton, Proteins (1984)).
[70] “Percentage of sequence identity” is determined by comparing two
optimally aligned sequences over a comparison window, wherein the portion of the
25  polynucleotide sequence in the comparison window may comprise additions or deletions (i.e.,
gaps) as compared to the reference sequence (which does not comprise additions or deletions)
for optimal alignment of the two sequences. The percentage is calculated by determining the
number of positions at which the identical nucleic acid base or amino acid residue occurs in
both sequences to yield the number of matched positions, dividing the number of matched
30  positions by the total number of positions in the window of comparison and multiplying the
result by 100 to yield the percentage of sequence identity.
[71] The terms “identical” or percent “identity,” in the context of two or
more nucleic acids or polypeptide sequences, refer to two or more sequences or subsequences

that are the same or have a specified percentage of amino acid residues or nucleotides that are
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1) Alanine (A), Gycine (GQ; 15 2) Aspartic acid (D), Gutamc acid (E);

3) Asparagine (N), GQutamine (Q; 4) Arginine (R, Lysine (K); 5)

| sol euci rwo(Bp474kuci ne (L), Methionine (M, Valine (V); PEY/UShEs8ssal ani ne
(F), Tyrosine (Y), Tryptophan (W; 20 7) Serine (S), Threonine (T); and 8)

Cysteine (O, Ji.oni ne see, .2, 0 i,0 Ngnd?r Iy 4)). [70
“Per ct % <b¢-,“’§@%e.€% ’ioggh‘i‘%“tg’ﬁ/?=s78cf’gt73/‘1%ﬁdé°d§g§” %%{?pgﬁiﬁrégdte&%% 0|)o%i _y |]y
al i gNQYeSEHHEIREE SeBRND! wheit SSTRFH Y Alghe®dfdr mdx@memtotitspandedceonend the 25
pol ynucl eoti de sequence in the conparison w ndow ma nprise additions or

. . C co
del et icomparfsonavindowapslesignated meiones messege upiae Ope AEedRMERB &*UFATEh does

not conprise additions or del etj. . ont: A GER t t
sequerft ‘?‘“S?Hé"?%i)&t%f‘lf’%_ mialsmaggllglﬁﬁ%nttea%(?t()’?ﬂ@el?%rkﬁlﬁ'ng thg&ueﬁﬁeﬁbagf o¥vo

882 ' £g@é?%aﬁigolﬂﬁ"ﬁﬁbstdﬁﬁallﬁQl@hii@egll”I"gmgﬁﬁirﬁtimhldo befers totheawinpienzent df 2 esi due
ccurs in o] sequences to yield the nunber  of, che itions,

di vi ?!twg SQQ!‘#@HWE rpsionally.rbe @ﬁ@é}’%mﬁﬁp’f ?Eﬁgéowaﬁlﬁg?ieﬁﬁtégoﬁﬁ I elr (r)]fS

positig Nt n ﬁrmﬁa:r,' i i by 100 to
yield n[uﬁl%?tbc{e]els é_egetnggléggﬁ{ogge%r%ence F@g%ﬁ?@gr‘ Ef%—é%d] m‘l(')ﬁtgrs? grrf)kr]rgoq'oirchﬁdtn%ca%/" or
per cerfuclebi@ntn tength. i n the context of two or nore nucleic acids or

pol ypepti de sequences, refer .tqQ twy or nore. sequences.or subse es that
are the sanme or [hHve es‘fﬁ‘é‘bi*@ﬁﬁfltﬁeroéé’ﬁlfcﬁﬁte Sg?ﬂ%fﬁ‘?'héngg’lc m?ééfz? uesn&or

n | eqf. | / p.e., 60
Bt s B3 e end o K S o0 Dok clomt 1 1 over &

speci fspedficdgiramyagewiemivoapd redluendatare ghber the pankmed SIHRLS degsgbidence

over a  conpari son W ndo r..desi ted region [ f

the. t ghe BarReattnenis “ubpar FEaH e FIRCE: O3 R e M

Vi Sua!75%]%p%0%_5%0 90BUEFO PR AHBIMERFertd Hebifleh espismbtitht enthe séquehed afe i al |y
cal." "This definition also refers to the conpl errer&%ﬁgf a test

i denti
sequenimucieoiidmalg,encediag h ghemokine Erepiewliterbaboye s &5 # (e &8 | east

ahaqut eot i i X r ion that i
198t SBP KO TR PET WD AF PRIl BBl RaR S fiphoq QY flafalifd T -
S: m |c@$r!e%ﬁbnaer¥b% omer Qedlhpa;lciﬁbﬂ”ivdiﬁtdwt, yr dedignatdderegiontae xteagfred wdngene d) nor e

pol ypepti de sequences, refer to two or re
have dhe fplowing sgupRSeCOMPAHETHEAHIRS Ok Y@ap‘iﬁ%g@ﬁg?stﬁ% V?ﬁ %ﬁ%ﬁﬁcne'ts htehat

sane ok isgadeﬁéesaﬁe gl%fl 5889, be “substantially similar.” Optionally, this identity exists
over a region that is at least about 50 amino acids in length, or more preferably over a region

20 thatis at least about 100 to 500 or 1000 or more amino acids in length.

[73] For sequence comparison, typically one sequence acts as a reference
sequence, to which test sequences are compared. When using a sequence comparison
algorithm, test and reference sequences are entered into a computer, subsequence coordinates

“are designated, if necessary, and sequence algorithm program parameters are designated.

25  Default program parameters can be used, or alternative parameters can be designated. The
sequence comparison algorithm then calculates the percent sequence identities for the test
sequences relative to the reference sequence, based on the program parameters.

[74] A “comparison window”, as used herein, includes reference to a
segment of any one of the number of contiguous positions selected from the group consisting

30  of from 20 to 600, usually about 50 to about 200, more usually about 100 to about 150 in
which a sequence may be compared to a reference sequence of the same number of
contiguous positions after the two sequences are optimally aligned. Methods of alignment of
sequences for comparison are well-known in the art. Optimal alignment of sequences for

comparison can be conducted, e.g., by the local homology algorithm of Smith and Waterman
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the 8 conservative am no acid substitutions defined above (i.e., 60%
optionally 65% 70% 75% 80% 85% 90% or 95%simlar over a specified
regi on orwohe/oenti re sequence of a pol ynucl eotide, e.g., PERASAY/BRFSR
chenoki ne receptor |isted above such as CXCR4 (see, e.g., 15 SEQID NO 1

and PCToUR 03] 10750, WORRCSRTRRE AN Muh DR LAl AN TRt gspondonce

over a''c¢ W ndow, or -déesi on as neasured using one of
t he foWawing 9s®IUsRE BiobrpanB sonthalsgach fonsBnitaritpynettdud]Pealsogament  and
vi sual _ i nspection. uences are then sai dtetél%F(ge "subst anti |y

Such h
Si i | aHPmAG 9850 Aroq Naf i AcarlgSats D¢ SaAd.by QR BRIEREHORO oy | east
] {950 &rog N , A g
2001 DAL ARRAS GRP) AESPOA, DA Tl THNSTCRARL WiSEsirGERELEN 20 1 Al 19

at | east nmore amno acids in length. [73] For
sedquenseftwasPacliagarGenklips CamnpytenGeoupe ik Bdencaddrs, Madisow, eV By ertpemam@fjuence,

e e

subseqgey (Q%r%?glg%lgﬁg%_are designated, if necessary, and sequence

al gori thmprogra ers are designated. 25 Default program paraneters

can be used, or [EBl erhnekaeplpafanelgerithng that issuddyp fnaletminipgpersafuence

conparison al.gorithmthen calculates th ent i [P for
the’ t ceaneng e senires Sl i &% by Br BRT AL BIgERE 2V ab NG iRE

PriQQr affeRREGFRE & Altschdlt: A (19PTRRId. A We 39\¥3893202Sd AleycRilre: al. ncl udes
reference to a segnent of any one of the nunber of conti %'téous ositions

sel ect €@99).bralhBio§Rd8id08d i iespastivel30 Seftwatedpi o faraizDBLAG aRIY§esdbout 50
o ookt 210 THNE D b SO SR 15 DRl R 2 sectonce ey

nce sequence 0 er o cont i guous
poSi t i @/l k&inchitEminie. g6 @Y UEhisedgoritien dptolvaalfiryt idéritifyied higiscbins  of
al i gnnent of sequences for. _conparison arﬁen\égll@éknovm in the art ti mal

al | gnnESAECRSE PgBY by idsntifupgphart werls o4 Adb gy sedugnce: phidihe | ocal
h | o [ f Lt b A/ /38555
1570y s B A T b e T e N o of

Need! etiRamn tengiinaciataba@r@yuchce Milis rdBerodd to48 thpaBightbprided wadsedref or
imlarit th f P d .Li. 1988) Proc. t'l. Acad. Sci. USA
55: 24 4mresbglO SR EF ool CHSRIHRTHEE PO gES it ot i (ap,
BESTFI {Litidrdt® 5rcid % ffid\RhBet ASPHSo¥isERNEIM ERORbIEEtParSekicn@ddinBagkage,
CGenetics Conmputer G oup, 575 Science Dr., Mdison, W), or by mnual

al i gnniéintctianglalvigermh sequspee for on f{ras the eungylativaadighaentecors can beiggreased.

ALl Bt S S o g TR IBILL) bl gL, of o
sequeng@réioialpafriof hahtnd REIdBsASTy 38 & BlASK @Beflale) gord fohmEsmasthing
residues; always < 0). For amino acid sequences, a scoring matrix is used to calculate the
cumulative score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum achieved value; the
25  cumulative score goes to zero or below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T, and X determine the sensitivity and speed of the alignment. The BLASTN
program (for nucleotide sequences) uses as defaults a wordlength (W) of 11, an expectation
(B) or 10, M=5, N=-4 and a comparison of both strands. For amino acid sequences, the
30 BLASTP program uses as defaults a wordlength of 3, and expectation (E) of 10, and the
BLOSUMG62 scoring matrix (see Henikoff and Henikoff (1989) Proc. Natl. Acad. Sci. USA

89:10915) alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both

strands.
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10 are described in Altschul et al. (1977) Nuc. Acids Res. 25:3389-3402,
and Altschul et al. (1990) J. Mdl. Biol. 215:403-410, respectively.
Sof t war e Woro3pemtor m ng BLAST anal yses is publicly avail brasotisssayh t he
Nat i onal Center for Biotechnology Information

(http://ww. ncbi m This al ' ' I L jdentifying
hi gh scori ng se[agienc@jelp‘)%]i%g”f%’ﬁgﬁgﬁm Bsoggltraﬂr)] i y%t%ﬁg@%é’%g“‘?? ltylsv\%r%ggﬂeof | ength W
in t hejfugit b%%éﬁﬁ%,se?\@h@é@ (I, ekt RRElimmidcAltehus@pdBfBrosav®!l. Acad. Sci.

positive-valued threshold score T when aligned wth word . of . the sane
engt H/Sh R a5 4732h Qeemeres ofsimanpervied Doa SR HePERBLIEod wor d

score _threshol -1 : - Th bt “nei od word
i vs - antoEg S sob S Py Honilh proyRitPathndicBRRE IR At BbiRgRd WBUDOE WOl
t hem pnlheh ben@dehivwsnadleotiistoe adam dcid dqgtinceslimoakl dcomsbyathange. drh sequence

for as far_ as the cunul ative alignnment score can be i.ncreased. 20
Cunul #xpwples g spesicackl is sprsidessdedniiay 19 reFBFnch §RIUEHES léglesséﬂigﬁtcsé‘?, t he

par am%}%a%ﬂ GX S\é@lhgag%gl%ffﬁlef 184 n%_cl@fbi deidPfo tHBLGHERS MBRITMESis 1adswBMs > 0)

t
and penalty scor m smat ching residues; always < 0). For amno acid
sequenbest 0.2, moerprairaviy kesscharsahesié 6.0f parslahosi patferablydessdhandbattt -80Lcor e.
Ext ensi on of the are ha

rd hits i.n ea directio | t ed,.when; the
cunul ative alig t é%a}dicaflaﬁl ﬁ?gg’f’cf n'ff;elf ﬁ%lgc?ﬁ%lﬁapf?s rROPPSRLdes sapenaxi mum
agli evghstiH S idddiRal i€ That HEWoRle N BISERb G DL fBstz@ERIcAcidBI oW, due to the
accurul ati1on O0f one or nore negative- scoring residue alignnments; or the

end ofimeitrobrgicekyeeorsacichve with HeaantiPhdiesraisst agrigstihe pokypeiidg saeeded by T,

and X determ ne .the sensitivit nd ee ' ASTN

ot ogr At t°6Pe AOEFEaeae: ereee TE dBbfie R bARARY sl 0 11
an expe&itRhi @M setbid ﬁﬁly%é@tidéﬂ:f& exiimple, aNdrethe onp peptRivndiffer balytbyst r ands. For
am no aci d sequences, the 30 BLASTP pg}gﬂgram uses as defaults a wordl ength

of 3, cenecreatpecubstiteiiorsEAnethen mdicaan thid twepesieirBod SEBIRRAE At ri x (see

i kof Lot f; : - bnts HS6iai89101094 5in
gﬁ?gn%&gg&?aél;ﬁg#&%&fj1sgl)}(ag§%%tgz§ingﬁle?&?s Agfthé}g?&nl\}?:l%l 'ml{tli-4, alndt a c.orrp.ae?i son of
bot h sideasndBgent QoG Bdeb 2ibeRGEIdS0Y LBBHEfEr ifdiGiofl Hat BuagTeleir goidi t hm
al so perforns a statistical .analysis of the simlarity between.two
sequerfeguenceeye seb%%qﬂai%&ﬁqnﬂcag hsdl){lﬂi t?l% EHUF PSR %F 88‘%3 tﬂa?ﬁmlﬁl?%g’a?d. Sci .
USA 905:eﬁ§%1%é5787). One neasure of simlarity provided by the BLAST
algorithmis the smallest sumprobability (P(N)), which provides an
i ndi cati on of t hi8pr oBadplirasey sprpifidaily forseBehaelphbinds tweamnii@slyn 9&| eot i de or

an no aci d.sequences woul d occur by chance, For .ex - aLc acid is
cfllsi déP%Cdﬁ%aﬁgfﬂPﬁe?‘fC&VS& B?@P%%%"gg’s&dfi‘n’c‘@h?“fregeh“ég%%a%rgtset”?‘%%%lngé’obabi lity
In a GeRald SAAIRE rtdteioh SSichny GétehBinady o flthe %ﬁé@eﬂc@ﬁﬁﬂﬁ@@ﬁeﬁdﬁ ltied ¢ acid is

| ess than about 0.2, nore preferably |ess than about 0,01, and nost

pr ef ermbiopct eSshetpragerdsvspopUlgpn, of proteins and other biologics. Thus, under

designated immunoassay conditions, the specified antibodies bind to a particular protein and
do not bind in a significant amount to other proteins present in the sample. Specific binding
25  to an antibody under such conditions may require an antibody that is selected for its
specificity for a particular protein. For example, antibodies raised against a protein having an
amino acid sequence encoded by any of the polynucleotides of the invention can be selected
to obtain antibodies specifically immunoreactive with that protein and not with other
proteins, except for polymorphic variants. A variety of immunoassay formats may be used to
30 select antibodies specifically immunoreactive with a particular protein. For example, flow
cytometry and FACS analysis or immunohistochemistry are routinely used to select
monoclonal antibodies specifically immunoreactive with a protein. See, e.g., Harlow and
Lane Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, NY (1988) for a

description of immunoassay formats and conditions that can be used to determine specific
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[77] An indication that two nucleic acid sequences or polypeptides are 10
substantially identical is that the pol ypeptide encoded by the first
nucl ei ¢ awDWM3/i0$7420 mrunol ogi cal ly cross reactive with the ®oTiusoz3ssss rai sed
agai nst the pol ypepti de encoded by the second nucleic acid, as described

bel ow., Thus, a.polypeptide is typically subs Jrall i ical to a
second%@ﬁéﬁf‘g e,y[pwgﬁah&(aaﬂ’ﬁpéﬂ%é W%F%%teﬁ%act%)\g wﬁ%%’? iaglggétg?’& fgg?eaonl y by
conseniatd ¥ dSiinl b AiONRE mORAyHeAlly MeleaRid D0tol Tattihswbackgbeid aci d _
sequences are 15 substantially identical is that the two nolecules or their

conpl ements hyb{7¥i z&Inhibigere i “aetivetors, {ipeimedilatprge oF ChanRliipg 16HPIOT,s
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net or agantss Bl e R RRERE DBt gl . B e B er
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speci fi ra particular protein. For exanple, antibodies raised
agai nsisgalatpitiod atimith af 2 cheraokinardcepiorsce. g, sgapissn clodplakae Mchile agsptohat he

pol ynucl eoti des of t.he invention can be.se . i i bodi es
speci féf-r%-a?lfeﬁia?erf?ﬁ?f:?c?}‘%(ﬂ’% PRAIQlRGeEPPLQTS b”rltzlt‘ éﬁﬁélg%%la{n@{l Q%Eﬁa%(g? er proteins,
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used to 30 select antibodies specifically inmunoreacti ﬁe .th a particular
pr ot ei Mod#atorssirelupé genctically megifishweisipng AEnataEEY-Qg&Es shgpokine receptor

i nohi stochem.stry are.raoutin : nti bodi es
sggg i £ g4 *f’ﬁ'gi"er%h reé%c?ﬁtvgyﬁst\ﬁélgasﬁggaellhﬁ?& ee, Egdgr?%? @lﬁggpg&vl\}dg’nd Lane

Ant i boglit@nis, hahatataall chenival molohlds Spr thafikeas bdr askuys| focabibdors anfly (1988)
for a description of inmunoassay forrirats and conditions that can be used

to detastivhiaw iBgeds. feig 2POIVES DEAOEBOH I PETIURIPSBIESC FRINPEAct i vity.
Typ! Caéﬂeﬁigk@lleg‘ﬁcgﬂog'aﬁd ﬁ{en%keﬁxgﬁﬂ%gth%%fc&i'oﬁﬂ affebds dB®hehok@@sdceptot ce the

backgr oun I Nol se a e typically nore than 10 to 100 tines
backgr gipiing| aéApscribetiiaboteorSanipléamtassags corsprisiagichemakdng reeante thgrRre hemoki ne

receptor activity are uysed tq.refer to.inhibitor iLvali
morfll oty Yidh aegfoatal acukger ﬂlﬁ\}_ % OT@?%%?H ¥ 88‘% F§§3 b Earg“opl‘g{\d in vivo
assays. Ll SREHRIGIBE EEERAL 6F mBlMgion & &an$hdifa kR oféinGibition| iCatrds,
agoni sts, antagoni st's, and their honol ogs and minetics. The term
" nodul singrids (untreated with inhibitors) are assigned a relative chemokine receptor activity value
of 100%. Inhibition of chemokine receptor is achieved when the chemokine receptor activity
value relative to the control is about 80%, optionally 50% or 25-0%. Activation of
25  chemokine receptor is achieved when the chemokine receptor activity value relative to the

control is 110%, optionally 150%, optionally 200-500%, or 1000-3000% higher.

BRIEF DESCRIPTION OF THE DRAWINGS
[80] Figure 1 illustrates antibody reactivity graphs. Antibody reactivity
30  predicts and defines potential T cell vs. breast tumor cell receptor topology phenotype. The T
cell lines, CEM-NKr and Jurkat, as well as normal PBMC were stained with the anti-CXCR4
antibody clones 12GS5, 171, 172 and 173. Strong antibody reactivity is shown in comparison
to the weak reactivity on the breast tumor lines, MCF-7, MDA MB-231 and MDA MB-435s.
While MDA MB-435s exhibits no positive staining with any clone tested MCF-7 and MDA
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i ncludes inhibitors and activators. Inhibitors are agents that, e.g., bind
to, partially or totally block stinulation, decrease, prevent, delay
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chermki ne receptors, e.g., ant agoni sts. Activat ors are agents that, 10
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of cheRPKifigty (REEREG bdtFeLH0-29%EH M&tﬂtrbatd;lhtttehﬁmmalfmmy @olspition <§6%4)vi t y
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DRAW PaRifi 8] offCBM-NK and M- WaSeEctadeDtmtigll highaaftinity ﬂlgargisamﬁes&m i body
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r &z epFigure éﬂ%ﬁr‘”o@l}osﬁ‘h g WSPOFH%C“I*H RO o ﬁk?q CTas wel |
as_no 15_1.?3&%)\'@{ Sackt E@h@&glo‘ﬂmﬁi sbie; @itih e Eaﬁlona\ﬁﬁlh Resn c‘éh@@ﬁﬁ)r 12, 171,

172 and rong an y react|V|ty|s shown in conparison to the weak
react bidrhykif®ad didatedast tunor |ines, MCF-7, MDA MB-231 and MDA MB- 435s.

Whi | e MDA MB- 435 hi, bi t ' I d MCF-7
and MDA 21 o 48104 e %@I‘r?s@@%%?‘%%ﬁ%&‘%‘g& N T S
with Si 8&9 ﬂiﬁﬁ-lgmral‘agh bife Mtity A BB - A Wcor@é@@%lﬂhltﬁiﬁmdﬁateﬁ CXCR4
ant i bo& 't ne, matched i1sSotype control. [81] Fi g/gre 2

Cléenment

i BOus bhﬁhe]Smbﬂ wah exghaedan Mﬁmpabf o Tea ot lyEQ 1L IqUSIOE), £XC8F -
D g AR S o0, e LY B B 1 GO o, bt €
as \AeldX@ﬁél-Jrge%lIatéd ﬂ-‘ﬁ‘&ing, asterisks).
[84] Figure 5 illustrates competeitive binding data. Two CXCR4
antagonists, CCX0803 (solid circles) and CCX7923 (open circles), compete specifically with
25 1251 SDF-1a, 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-NKT.
Chemical structures of CCX0803 and CCX7923 are shown in the inset. The predicted IC50

values of SDF-1a, and CXCR4 antagonist competition are provided in the accompanying

table.
30 [85] Figure 6 illustrates reactivity of CCR1 specific antibodies to CCR1 on

different cell types.
[86] Figure 7 illustrates 2°I MIP-1c: binding data.

22



used as the radioligand probe on (c) MCF7, in a binding displacenent
experinment with a conprehensive array of >90 discrete viral, human and
mur i ne chwookiosazo and chenoki ne variants as col d conpeti PeTaISOXsRssper cent
i nhibition of radioligand binding is showmn as a bar .graph and reveal that
SDF-1a and | -TA e & ' o - : 10 cells.
Wi te bars, pot glnsﬂ al Pﬁﬁ%ﬁgl{g#lé?a’lrt]%t%ﬂfﬁgﬁ%}?ﬂ%a%g%@%%n%%%grs, potenti al
noder ajognHimationew affinity (inhibition between 60-79%; black bars, little
or no affinity (inhibjtion <60%. . Results e the.nean of three

det er mi nati ons. B8} or Fighres Bpgirages ipyr ﬂ’flfﬁ’?(gl&*éf‘l? 1Zafaih] Figure 3
illustrates a cog@?ri Q0re0f0 ilth IR0 RiipcHQadlvityHatay and specificity on
CEM NKr and MCF-7. Sel ected potential high affinity ligands identified in
155Figure 1 were chosen for dose response conpetition on CEN NKr (open

squares) and MCF-7 L i.d..S r tition 1251 SDF-la is in
conpetition with a éﬁ@l[%@ﬁgﬁgﬁ}%@mﬂ?ﬁmﬁd& ed. [83] Figure 4
illustrates 1251 |-TAC binding on MCF-7 cells is not due to a classic
CXCR3 binding interaction. The ability of 1251 -TAC to conpete with the
indicdted 20 chNHROBEECTION exanmined in the presence of buffer only (solid
squares), excess G.Lto inhibit any C =" i.ndi hg. . .open
triangles), or € %ssflgdﬁr-eiengm( ?%lqyrmpﬁlgg@%]%gb%&%gﬁ@ﬁe%rg%% bi ndi ng;
asfiper | gkmbkire@4deptirg tirdn diffetehtispslagies of diff@tsiceil vepebi Dififergntdall aypefwo CXCR4

ant agoni sts, CCX0803 (solid circles) .and CCX7923 (open circles), conpete
speci fhavaidiffergnttligang speppiivity giiyarnacolegical ifeatytss and BIpLiqn, /b SoPojREYds g swtc

conpet | t4 i . d =1 i i s a cold
conpet dlrtﬂél(r%ﬁl S ¥ 2 Yg)g%lﬁ%%gl’ Fé;ﬁ‘%ﬁ%lélﬁenl&@%%ﬁ%ﬂgt%W;&%ﬁﬁ&&%@ﬁ%ﬁ%@b% em cal
st r uctancededy iIGEXMIRD Bolanub] SEHEZOAR] @nédasheivmlar or idestidahgmino daEhksegnediest ed
| C50 val ues of SDF-I nd CXCR4 ant agoni.st conpetition are provided in the
acconpaiiFren tonokegies Ofgﬂfﬁf@giﬂnﬁirﬁ?ﬁlg@r gg‘fel ‘ial &1t BYQPETHCS ARG Mgy ° ccr1
S if(.iliffel%lﬁu)ig .'%aﬁcgo%%lgglcal%ﬁcfﬁ%ﬁ@m cel I types. [86] Figure 7
ilTustrates 125T M P-1 a binding data. 22 WD 03/047420 PCT/ US02/ 38555
[87] Figure 8 ill9}t r Riffgerces between wpplogicd sambé ajcediingéd deraxageld, byi gand
conbi nat i ons. L)?ﬁ; éhg‘gre 9.illustrates intracellular Ca2+ nobilization.
[89] FIHGAF&Rrg Of fie PESTIHER body reactivity data. 5

[92] 1) Antibody reactivity - Different topologies encoded by a given

receptor gene exhibit different staining profiles in response to a panel of antibodies (such as

20  monoclonal antibodies raised against recombinant proteins representing the receptor
polypeptide). Different topologies can occur when the identical chemokine receptor gene is
expressed in different cell types.

[93] 2) Ligand binding - Different topologies encoded by a given
receptor gene vary in their ligand binding profile (i.e., they bind to a different spectrum of

25  discrete ligands). Furthermore, different topologies may bind ligands within their spectrum
of ligands with different affinities.

[94] 3) Pharmacologic discrimination - Different topologies encoded
by a given receptor gene are inhibited by discrete organic small molecules (or sets of small
molecules), some of which may have medicinal relevance.

30 951 4) Function - Different topologies encoded by a given receptor
gene control or impart different biological functions in different cellular or
pathophysiological contexts. They differentially control a function (e.g., cell migration) by
possessing different ligand binding spectrums in different cellular contexts. Different

topologies differentially control cellular functions by differential coupling and second
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DETAI LED DESCRI PTI ON OF THE I NVENTI ON 1. | NTRODUCTI ON [90] The present
i nvention provides the surprising discovery that 10 chenoki ne receptors
form di f fwpean4epol ogi es on different cell types. D fferecr/uset/ssssypes
have different |igand specificity, pharmacol ogical features and function. A

t opol Olgiéssle%e?ggﬁ r% 1{1%fff%rgﬁt@eﬁﬁlaﬁc&bé?&se('gﬂcl{ %el%, lbnﬁérll%%ed{%fe £GH ‘?&:@iﬂg or

protein 0gl €s can nco entica Iynucleotldes
and cagichave simlar or i dentl cal ami no acid sequences. D fferent

t opol ogi es of a chenokine receptor have di st erties and medi at e
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t opol opriedispasitvadeda Byse@egﬁlweddltlfplecﬂ@qzﬁg@ntsgéﬁrﬂ@eﬁﬁrf?f identifpraigrang isglat@ebi ndi ng

profil bi. n dlf erent of 25 discrete |ligands).
Furthe?%?@?emr?ﬁ’sg “3%681? g5l ahcélfmg n%%géeggbr?ds within their spectrum
ofjg i gands with |]dl7 felﬁl%ﬂine&frﬁboﬂhhérﬁ@ thd 4hts Aye Rearinablickyiral Whdiag iari nat i on
- Different topol ogies encoded b iven receptor ene are inhibited by
di scr eﬂ@m@ﬂ@@ﬂl@l@ﬁr@ﬂﬂ cheploking|reeep{asy ot e dheAecaivarg Usehy TRLRIEEing Shne of

whi ch ma% ay g}ggjﬂ 1jlsnal rel evance. 30 [95] 4) Function - Different

t opol 06? e d r{co y a given receptor gene control or inpart different

bi ol ogi cal functions in different cellular or pathophysiol ogical contexts.
They diIf f er H}EN'&IFEA’DKDN((])F EOB(DLOGiES(@Fg& CHEVIIOKII@E RECEPTOR

ing diffe : |
Pontexts. oifferBil Naparoyea b aPERkht Fsb ot bEIEHIRERA Y Tt ons
by; di f f ghedlor ﬁiet}ﬁ)@b' pich 'ilﬂanﬁ@}dceiﬁ Bidlic 25 o621 €53 0K <t 260 CEIT {ySH are PBHGed

messenger signaling in f'erent ceIIuIar contexts (such as by linking to
di f f er ant sc@epedofoe dxfﬁerences t,n yntigpuigity, Tiganppiagdmgtorofigs ﬁblih@ha%ﬁ%@/tf?‘él Fihdet hods

for 'd@;@%“gﬁgm RRL ol hﬁ‘;% REELGLE AL BLOAS A HoRey B hah6fnene

t opol o
receptor, the topology on the cell type can be further characterized as described herein (e.g.,

for antigenicity, ligand binding, small molecule affinity, function, etc.). As demonstrated in

20  the examples, differential ligand specificity of the same receptor indicates that different cells
support different topologies of the receptor.

[99] The type of cells screened can vary greatly. In some embodiments,
cell types known to express a particular chemokine receptor will be used. Exemplary
chemokine receptors include, e.g., CCR1, CCR2, CCR3, CCR4, CCRS5, CCR6, CCR7,

25  CCRS, CCR9, CCR10, CXCR1, CXCR2, CXCR3, CXCR4, CXCRS5, CXCR6, CX3CR1,
CXR1, CCXCKR (CCR11), (CCR12), US28, ECRF3, Kaposi’s Sarcoma-associated
Herpesvirus GPCR, Poxvirus membrane-bound G Protein-coupled receptors, D6, and DARC.

[100] In other embodiments, it is not initially known whether a cell type
expresses a particular receptor. In addition, cells representing different disease states (e.g.,

30  cancer cells) can be screened and compared. In some embodiments, the cells express an
endogenous chemokine receptor. In other embodiments, at least some cell types express a

recombinantly expressed chemokine receptor. Any number of cell types can be screened at
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5 topol ogy of the receptor. Such agents are useful as therapeutics for
di seases or conditions associated with a particul ar chenoki ne receptor
t opol ogy. whwseemer , the agents are useful for detecting ®CEarsvr/assbamr
t opol ogy of a chenoki ne receptor t hereby di agnosi ng di sease or
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types® can reened at one tine. [1 In sone enbodi nents, the
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(1999). Ig%?nrpeegﬁorll stzsl}%ca?e \?vnﬂ?(nlmr&t%% e a{[rth el“)}p'l(%ﬁglf,das kdWh f?ganﬁ'}él labeled
so that differences in binding (e.g., in the presence of increasing amount of a potential
competition ligand) can be measured. Competition assays indicate the affinity of potential
competitor ligands. Statistically significant differences in affinity of a particular ligand for
the same receptor expressed on different cell types indicates that different topologies are
25  present on the different cell types.
[104] In some embodiments of the methods, the potential ligands are tethered

to a solid support. See, e.g., Gosling et al., supra.

III. DEVELOPMENT OF SPECIFIC THERAPEUTICS BASED UPON PROTEIN
TOPOLOGIES

30 [105] Modulators of chemokine receptors, i.e. agonists or antagonists or
agents of chemokine receptor activity, are useful for treating a number of mammalian

diseases.
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allergic rhinitis,

eosinophilic fasclitis; cancers including breast cancer (e.g., mammary adenocarcinoma and

20  mammary ductal carcinoma), glioblastomas, gliomas, lymphomas (e.g., Burkitt's lymphoma),
melanomas, lung cancers, thyroid carcinomas, colon cancers, liver cancers, ovarian cancers,
cervical cancers, pancreatic cancers, renal cell carcinomas, squamous cell carcinomas, brain
tumors and skin cancer. Other diseases or conditions in which undesirable inflammatory
responses are to be inhibited can be treated, including, but not limited to, reperfusion injury,

25  atherosclerosis, certain hematologic malignancies, cytokine-induced toxicity (e.g., septic
shock, endotoxic shock), polymyositis, dermatomyositis, arteriosclerosis, autoimmune
encephalomyelitis, ischemic reflux disorders, stroke, brain or spinal chord damage, and
burns.

[107] Diseases or conditions of humans or other species which can be treated

30  with agonists of chemokine receptors or other promoters of chemokine receptor function,
include, but are not limited to: immunosuppression, such as that in individuals with
immunodeficiency syndromes, individuals undergoing radiation therapy, chemotherapy,
therapy for autoimmune disease or other drug therapy (e.g., corticosteroid therapy), which

causes immunosuppression; immunosuppression due congenital deficiency in receptor
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di seases, such as parasitic diseases, Incl &@ but ' not limted to
hel i Nintwinef.dOt236E99R i Iagmae ratlodes! %’Qﬁi’r(dl—‘) D Ad poxX Tirisehsichasi s,

Enter 0Bl 8s! Svirus (see, e.g., Lalani e al. Science 286:1968-1971 (1999)) bind to cells via

chemokine receptors. The present invention provides for methods of identifying agents that
25  prevent binding of these and other viruses to the particular topology of their chemokine
receptors. These agents are useful as therapeutic compositions to prevent and treat viral
diseases. For example, HIV strain R5 binds to chemokine receptor CCR5 while HIV strain
X4 binds to CXCR4. Pox virus myxoma binds to receptors CCR1, CCRS5 and CXCR4.
These viruses can prevented from infecting cells by treating a patient with agents that bind to
30  aparticular topology of the chemokine receptor that the viruses bind to, thereby preventing
infection. Other exemplary viruses that can be treated according to the methods of the
invention, include, but are not limited to the Retroviridae, including Mammalian type B
retroviruses such as mouse mammary tumor virus; Mammalian type C retroviruses such as

murine leukernia virus; Avian type C retroviruses such as avian leukosis virus; Type D
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Ascari asis, Hookworm Strongyloidiasis, Trichinosis, filariasis);

tremat odes (flukes) (Schistosom asis, Conorchiasis), cestodes (tape worns)
( Echi noco®omsiog7420laeni asis 5 sagi nata, Cysticercosis); ViPSTArsal/3858% ns,
visceral larva mgrans (e.g., Toxocara), eosinophilic gastroenteritis

(e.g., Anisaki .ws. PhOgANEMA _$Sp. )., . 5 . '
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chenoki ne ‘receptor that the viruses bind to, thereby preventin i nfection.
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0.01, 0.001 times the affinity of the agent for a second topology.

25 1. Chemokine Receptor Binding Assays

[111] Preliminary screens can be conducted by screening for agents capable
of binding to a topology of a chemokine receptor, as at least some of the agents so identified
are likely chemokine receptor modulators. The binding assays usually involve contacting a
topology of a chemokine receptor protein with one or more test agents and allowing sufficient

30 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 or other assays which maintain the topology of a chemokine receptor. The

chemokine receptor utilized in such assays can be naturally expressed, cloned or synthesized.
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retroviruses such as Mason-Pfizer nonkey virus; BLV-HTLV retroviruses such
as bovine |eukem a virus; Lentivirus such as human i munodefi ci ency virus
1; Spumawpuws/ogideh as human spumavirus; as wel |l as Pox viPChasez/3856€| udi ng
t he Chordopoxvirinae, e.g., Othopoxvirus such as vaccinia virus;
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[ 110] A nunber of different screening protocols can be utilized to identify
agent &4t nodul ate the level of activi ty or function of a particular

t opol ogy of a chenokine receptor in cells, particularly in manmalian
cells, and especially in human cells. In general terns, the screening

net hods i nvol ve2scr e&silpgn lity of agents to identify an agent that
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particular endogenous chemokine receptor. In some embodiments, one topology of a
chemokine receptor is expressed on one type of cell (e.g., a breast tumor cell, ovarian
carcinoma, cervical carcinoma, Burkitt's lymphoma, glioblastoma, or a cell capable of
supporting infection by a virus) while a second topology is expressed on a second cell type

25  (e.g., a non-tumor cell or a cell not capable of supporting infection by a virus). A chemokine
receptor does not necessarily only have two topologies. Thus an agent can be screened for
the ability to interact selectively or modulate any one topology and not bind to or modulate
one or more other topologies. Similarly, if a chemokine receptor forms more than two
topologies, agents can be selected to bind or modulate a subset of topologies (e.g., two out of

30 three topologies) while not binding or modulating a all of the topologies of the chemokine
receptor.

[115] Any chemokine receptor can be used according to the methods of the

invention. Exemplary chemokine receptors include, e.g., CC-chemokine receptors CCR1-10;

CXC-chemokine receptors, CXCR1-6; CX3CR1; CXR1; CCXCKR (CCR11); (CCR12), the
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[ 112] Binding assays are also useful, e.g., for identifying endogenous
proteins that interact with a particul ar topol ogy of a chenokine receptor.
For exanpwe,03/0amé bodi es, receptors or other nol ecul es tha&cThisez3gshe

topol ogy can be identified in binding assays. 5 2. Cells and Reagents
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liver .C‘ﬁ| és, kibdn%g cells,, and.neuronal .cells 1as wel | as]éfbgn%al cells,
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in cells that do not contain a particul ar endogenous chenoki ne receptor.
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chenoki ne receptor for re_than.two topol ogies, agents can be sel ected
Co bi AEFeBIOT B aPRRetiErdhete 5rd pgpBi s gries V(ee%ngreanf%rd FAPSULS-30 t hr ee
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chenoki ne receptor. [115] Any thenoki ne receptor can be used according to

t he méoprdosy it nohae second tapolagy indRdsrplga mponohees kicngophalseipratyrd denfuide, e. g. ,

%?h% kéﬁ(&&%ﬁ%&%@é@i 2, %‘%lﬂ%%}fﬁ}é? )c(:ce:{ligr?c{@ lélel?s? ASSSP gl%ﬁdtivg%lof_tgé Cx3
above listed cells types are used and molecules that bind to a receptor on one cell but not the

second cell type are selected.

3. Signaling activity

25 [118] Signaling activity of a topology of a chemokine receptor can be
determined in many ways. For example, signaling can be measured by determining,
qualitatively and quantitatively, whether a modulator can induce calcium mobilization in a
cell. Calcium mobilization assays are desc;‘ibed in, e.g, Dairaghi et al., J. Biol. Chem. 272
(45): 28206-9 (1997). Other secondary messengers, such as cyclic AMP or inositol

30 phosphates, as well as phosphorylation or dephosphorylation events can also be monitored.
See, e.g., Premack, et al. Nature Medicine 2: 1174-1178 (1996) and Bokoch, Blood 86:1649-
1660 (1995).

[119] In addition, down stream molecular events can also be monitored to

determine signaling activity. Downstream events include those activities or manifestations
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the disease or condition is ameliorated. The animal models utilized in validation studies

generally are mammals of any kind. Specific examples of suitable animals include, but are

not limited to, primates, mice and rats.

25 B. Agents which interact with specific of chemokine receptors
[121] The agents tested as modulators of at least one topology of a

chemokine receptor 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 of a chemokine or other ligand. Typically, test compounds will be small chenﬁcal
30 molecules and peptides. Essentially any chemical compound can be used as a potential
modulator or 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
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determ ne signaling activity. Downstream events include those activities or
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al, Bloo 54 000)) as as the induction of apoptosis
(see, BkdajihpodBefmsing@hysiochémicalRropertidtenompatiblgaviticetod nhigpnacokBetio556- 12561

1998). 15 4. Valjdati 20] A are initially j Lfied b
of ¢ heTRBIEG g e B LR RO e b IR i Balt B, B 65, O, R

appar € & b¥driytesS NI PIARY ic8dishul 84 ddbEBasad 6n peenabilitedndwoldbibtyi t abl e
ani mal nodel's” The basic format of such nmethods involves admnistering a

| ead cwapdesnfibedibniliinekd etlak anfpliawsi hvinganomsdhaeh Hropndrdogarsderrresisd 2ser ves
as a 20 nodel r s, and en b0 inb.- ' receptor is
" factenpagr QB rg; A el W S0 fob AR EREERE OIS S GE e 2

ani mal MTRERloSerlt. 19)i Z@Hor hvwiad moRtthen] GHibbha siccapeore (aiptessat @ thesmebs of any
ki nd. Specific exanples of suitable aninmals jncl gdg %17 3\{:(3 not. limted
to, prNarandes). ieeee.anbininskiel dsdd DugdiavennResr 3itite () wPRPSRSCi fi ¢ of
chenokine rece .The: gpé;& L$o @k r@t. | east one
t opol o%lga}ssgﬁt t%gt ER‘%:%%bsnsgﬂ{e%g&lrbééigg%cgg@%ggorﬁﬂaﬁ%%I I c%\%{rgﬁgaol conmpound, or a
bi ol ogi cal entitg23puCOXa92a (sepMigpep) iscemmaergally avaitbls andzen He oyadei pi d.

 henprbibespidseRgion ot gurar P rypras O St bR rn e EnEl M e ca
30 nol ﬁl%ﬂlo‘@%etlﬁfg-gid%Mé,@ﬁ?helpjﬁése%@tbb%étwocﬁ@dm@hem}feadrt. COUNO080Bs64 Fidhee used as

a potentia ulYator’ o igand in the assays of the invention, although

nost 0B} iekomoremoaliydsvailhiale avdnan bemddslgotanddnsation qliddirbranodighi c
R L Y s o L
e.g., Organic Function Group Preparations, 2nd Ed. Vol. 1, (S.R. Sandler & W. Karo 1983);
Handbook of Heterocyclic Chemistry (A.R. Katritzky, 1985); Encyclopedia of Chemical
Technology, 4th Ed. (J.I. Kroschwitz, 1996).
[124] In one preferred embodiment, high throughput screening methods
25  involve providing a combinatorial chemical or peptide library containing a large number of
potential therapeutic compounds (potential modulator or ligand compounds). Such
“combinatorial chemical libraries” or “ligand libraries” are then screened in one or more
assays, as described herein, to identify those library members (particular chemical species or
subclasses) that display a desired characteristic activity. The compounds thus identified can
30  serve as conventional “lead compounds” or can themselves be used as potential or actual
therapeutics.
[125] A combinatorial chemical library is a collection of diverse chemical
compounds generated by either chemical synthesis or biological synthesis, by combining a

number of chemical “building blocks” such as reagents. For example, a linear combinatorial
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conmpounds from any conveni ent source to assays, which are typically run in
parallel (e.g., in 31 WO 03/047420 PCT/ US02/ 38555 mcrotiter formats on
m crotitewOopBasaeoin robotic assays). It will be appreci area/ushasssshere are
many suppliers of chem cal conpounds, including Sigma (St. Louis, M),

Al dri St,..Louis,. MO .. Siagna-Adri
Chen %E?I%ic&&]d Ou}é%“%ﬁ%?é?wéé&@&@lﬁ%?ll W g‘t}ap-‘( s Elé“rgﬁeﬁé’k: F%g.ca% [1221 In
sone euatic RS (arhile a8ide v sablnlacht agivericgipoatd leagth (thathe 1, 500

dal tons, and in sone cases |ess than 1,500,_ 800, .600,, 500, or 400 daltons.
The manher ofipineragids i3 pelypeptidgsompemidy- MiHions of elsnigh comparadidndiy| | er
nol ecuyl e i { r [ I: . i | i cal properties
corrpa’té &%@gﬁ\% cftﬁl?od%gg{?%h?rn{ %ﬁ%ﬁ%ﬂ%g@%ﬁﬁggﬁa}%? %@?gﬁ g(c)'lgl,t]@kimn_cl udi ng oral

absor ption than [agentmepsiritiontingsereening of vbrabinaieiighthenfical libgriexiipele, agent s
|l ess likely to be successful as drugs bas on meabi | it d solubility
ver e ¢aewm;tpdpsppl Eli%iﬂhtz\&iaﬂetsua]? cory lnP@FﬂaEgime[’%leﬁrB}clu‘%h@ﬁ %% ond
donors; e i OB Ni$)s, Faavi pa. 2 Fopl. @eil Res. wei ght
over gﬂjgﬁéiﬁ%ﬁ%gﬂgﬁﬁgg%’bg\?%%’oﬂ(’or tl(c/li;-_}gsgj’g ov7er 4.15): an / or havisng nor e

t han 10:48764980( 188 Dt dfamghionpr eb.sbduees3 3he-80ho81)). Ksbesbemisiriesdple ™ e. g. ,

Li pi nski et, al. Adv u |ivery Res.23: 3 1997) ., - cl asses
that 3cBeEtips chepicd ‘Er‘fﬁrgﬁﬁlqﬁ?r%‘?sc‘ép Sroat)r‘?slﬁgq'tzil}c cg?rg}sﬁ/egﬁg@ﬁ?é;%gﬁ%gp“ ons to
the T Yk limileh 23] pepoisd2 3., PEeeputfticatis:eNG) Wics9 T09TBs), cnabded meptdésdbles and can
be made by the ‘condensati on of

N- [ 3- (R FBubldatinn N6 9 @943, randernrhie-elizomers (g8 oPah dabbifting Ng-+'HO

br omongt -bi.cycl 0(2,.2 hept «25eng b d [ {CX0803
(see, @/@Qﬂ%? @%quga S@H?%(%ﬁ"gﬁ '§yP§[\'/§]|OI %%?%ggﬁﬁﬁgﬁ&ggmkgc eglfn %%tggfe;’ﬁsati on
of 3- (ﬁengwgzb?hfw bad SipeRideb eMyBUR: bH)XBrdcnNal dcahdc2 USABLEI09HEIPI pyri di ne
by met hods well known in the art. See, e.g., ganj ¢ Fyn tk? oup
Pr epar@P9onsyingdagous@olypeptides (Hpgihgya etglygl dfrek, 6%6"' PG 1%38%)6 dbook of
erocycli ] SLE : it : schiENEM edi f i cal
rasnngicsByp ey RE ke i Bk g R S B O e
enmbodi SNt 14:52 7h9o2 181099y uhals grusemparde syetirsesofZmallnpoipoang E)lbwldfﬁ f{chea
nbi nat ori al chemi [ i br. t ai ni | ar. . f
Dot ent . { v GleT eoSaRS T THBLSHEP OB B B FiigaRaC Corgbunds)
Such (é% | | dﬁ%‘?%&ﬁt&%‘f@ﬁd@ﬁ@ﬂa@ (eathes e A1, J iy 5dbag(BSU)are then

screen one ssays, as described herein, to identify_those
| i br aryucheerbed dibtapias (see AusubetRargeraind Spabiesk, ol supzah eFRizdearirloigedd dj spl ay a

oL hRLAgh % U8 el s SRR g, bt L S oo
act ual g; teHABENUEI:309-314 (1996) and PCT/US96/10287), carbohydrate libraries (see,
e.g., Liang et al., Science, 274:1520-1522 (1996) and U.S. Patent 5,593,853), small organic
molecule libraries (see, e.g., benzodiazepines, Baum C&EN, Jan 18, page 33 (1993);
isoprenoids, U.S. Patent 5,569,588; thiazolidinones and metathiazanones, U.S. Patent
25  5,549,974; pyrrolidines, U.S. Patents 5,525,735 and 5,519,134; morpholino compounds, U.S.
Patent 5,506,337; benzodiazepines, 5,288,514, and the like).
[127] Devices for the preparation of combinatorial libraries are commercially
available (see, e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville KY, Symphony,
Rainin, Woburn, MA, 433A Applied Biosystems, Foster City, CA, 9050 Plus, Millipore,
30  Bedford, MA). In addition, numerous 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.).
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[ 1251 A conbinatorial chemcal library is a collection of diverse chem cal
conpounds generated by either chem cal synthesis or biological synthesis,
by conbi rWwog3as474aunber of chem cal "buil di ng bl ocks" suchPa3/usexsssst s. For
exanple, a linear conbinatorial 32 WO 03/047420 PCT/ US02/ 38555 chem cal

i brary such as ept i.de, Li brary.i conmbi ning a set of
chem cal té}i I diﬁ’éﬁgﬁ)%%ﬁgnf@ﬂ}%éeQ@%gkgql{rﬁl@\gggﬁ dssi bl e way for a given
conpound | engt h [§28}e. In thdBigh RuRSHuDissays ofehaiiveistionnitds passipieeptstmen
conpound). MIlions of chem cal_ conpounds can be syni_}zhesi.?zjﬁd thhough such
conbi rttospedralithousand diffesens mognlatasypy igands BY deiRgle day [ FoRyriMianeaclt i on and
screeni f Ln rial ] I | L Syell 1t hose of
ki 11 VPR LR a8 bR FL p SR SRy oS el Pkl o e
nots lhaddl&er, b8, if feRbhtion dimubson(threeffectgare ttbSobRatednevesy 610, weth,
Furka, In.t. J. Pept. Prot. Res. 37:387-4.93 155195? é and Ho hhg et al.,
Nat ur €2BS%t 8angly rpaddaty. Thyshaingls shandprdiragrat ?rp%t &t %Fts?%a’%él cal

di ver si,ty golki i c g usedURn GREHIShlaicton hgiyudey foth are 10
not Iis(e" ’t’egg5 {?@?{‘%‘g’gi"o. S§§2@3%@dté§:&} 1Fﬁjbl’i cgti g{ngll\}%)?eV\Dngllﬂfgng encoded

pept i didsut B0go abolRAB0Pdiféremttcompoi@s9 3 i 0k e to ansaiosavbiad didfergnd Rlates (e.g.,

PCT Publ i cation No. 92/ 00091) l.azepi nes (e,q. . No.

5, 288,151 43Y; aﬂ‘fa\yé%e&ﬂ%vgé ugﬁﬁﬁboﬁg%ﬁg)&?(ﬁ%ﬁ%ﬁere T g%c%sgaﬁ? R(gssS%ellen pepti des
(Hepb ifeAlon. Ibre reEAIFOMERO8nia dad 283 Yeagwritny| ogous
p%nggmiégatfﬁ%sﬁﬁg?gﬁgfuﬁﬁ, nJ Arr$er. C%gﬁ Socl. &jla%gr 5568 (1952)), 15
nonpephadpilappephavedeemdevedepedi t h gl ucose scaffol ding (H rschmann et al ., J.

Aner. Chem  Soc 4:9217- 9218 9 ' es of
smal | conpound B rTléesmf’E‘ﬁ‘éﬁ Of{é’[%ergﬁ%?c%n Pé‘ﬁ%ﬁr&gﬁee%ﬁﬁ%gﬂé&%%ggl
(1994) Jiyecl bE BEBEERTRI LSO VaBIPorGon@bvalefidinkags ¢26,vid 363, ThtIRBIan, beamgl/ or
peptidyl phosphonates (Canpbell et al., J. Og. Che 59'%38 ﬁl 94t)’
nucl ei o aasirighyl ¢fipoamionents.s Begengiglyganolegde Hist bl&%ﬂt@é%%a&!’l 2 %@b‘i")a?,
peptide nucl eic i i L - ) . ; RSB,
B botp i pegihagd fadeb i BEbE ol R o 0 o fproliRERE oD iR AR
14( 3) : 80 Y012l ippdA 9§ )interdti BICIT SO/ b0 287 fag biatebohydrat e |ibraries (see,

e.g., Liang et al., Science, 274:1520-1522 (1996 nd U.S. Patent
5,593, 853), smal 138} gArvabeqpf tagg and g %Fé?‘isé_én }%Ei}%& gﬁlsﬁfl PP%%%}OSH? azepi nes,
Baum Gl AflcHriRB9RN HRsd 39 R the G ML dRambloSyh Ll his fh%raBS;

thi azol'rdinones and netathi azanones, U S. Patent 25 5,549, 974,
pyr r ol biflderefor ekhrSpleFaibmtsotins®5r PeBeiar(d ibeBilg used in ¢asyEIeEPR Wathc orpounds,

D] c cApPraa o2 RRIEE GYIooh G e PR vkt o By SHBR b o commer ci ai 1y
aval | ablifulatfbuis; fc). ARfbMIS 03RS widianeesindhemdeaibiotoabalidl | e KY,
Synphony, I nin, burn, MA, 433A Applied Biosystens, Foster City, CA,
9050 Piidsly dvailhlhlpené appropriate tag binders (see, SIGMA Immiunochemicals 1998 catalogue
SIGMA, St. Louis MO).
[131] Similarly, any haptenic or antigenic compound can be used in
25  combination with an appropriate antibody to form a tag/tag binder pair. Thousands of
specific antibodies are commercially available and many additional antibodies are described
in the literature. For example, in one common configuration, the tag is a first antibody and
the tag binder is a second antibody which recognizes the first antibody. In addition to
antibody-antigen interactions, receptor-ligand interactions are also appropriate as tag and tag-
30  binder pairs, such as agonists and antagonists of cell membrane receptors (e.g., cell receptor-
ligand interactions such as transferrin, c-kit, viral receptor ligands, cytokine receptors,
chemokine receptors, interleukin receptors, immunoglobulin receptors and antibodies, the
cadherin family, the integrin family, the selectin family, and the like; see, e.g., Pigott &

power, The Adhesion Molecule Facts Book I (1993)). Similarly, toxins and venoms, viral
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30 Bedford, MA). In addition, nunerous conbinatorial libraries are

thensel ves commercially available (see, e.g., Conenex, Princeton, N. J.,
Tri pos, IWO0.03/08t420 Loui s, MO, 3D Phar maceuti cal s, Exton, P&T/USa2/B585KS

Bi osci ences, Col unbi a MD, etc.). 33 WO 03/ 047420 PCT/US02/ 38555 C. Solid

Phase and So ubl e Thr ou a g L

assay SPYPPEHROTNIEHEE Op“?t?s gge?cﬂg%A?%F éﬁa%e%@?%rgé%pté}g( ‘% gg%grﬁ%awﬁousand
di f f ergatrremsot Btish$sRall lisAmedaciubing stirsigs, ehytaid homoparremmtsaand each well
of a mcrotiter plate can be used to run a separate as cyq@%)ﬁ nst a

sel ect@tnpnDes peptules)s drngapetings sugsrs; nigleie afideothings Bn tine
effects ggﬁr&flgnsgtoél%gssa%ral\fa%%es gat\fg{e}ﬁs %fog}gﬂtﬁlé & anﬁ%ﬁtl‘tg(g%és &n%'llqgﬂeﬁacmﬂh” at or.

Thus, {% mcr an assay (e.g., 96)
nmogul afpioss cdlf redépddswel | plates are used, then a si ngl e pI at e can easily
assay from about 100 to about 1500 ffer ent._conp ossible to

assay several dili3Hr enmtlstigpelymesssueings pokauethanss %‘gﬁ?%?rﬁ’rpobﬁ arfb(%n%ts% ut

6, 000- I | ed

oyst er GO B BlaER g BRI RL o B@%ﬁ%{%ﬁgﬁ e cagent
mani pLdrﬂtpdDyhcétatéECebﬁzﬂm ﬂﬁmeincqp@dapr{aﬂeﬁ% offtag bingles cMlagy other tagdrgBindetan be

bound to the solid state co on nt rectl nd| rectl v val ent
or norPAIE\RES @?ﬂuaetdw%ﬁaya S&“laeq}f LA ‘tué %%Paﬁeé]ttélone %t%kgpvarl ety

of; .CONPRNEBYiSw oF hi98REb&Ire. @ mol ecul e that bi nds the tag (a tag binder) is
fllgedr@g) 15 1a soo |1d suppcgft and the tagged nolecule of interest (e.g a

chenoki ne recept[chL)] i Goraton dinkserstsach asmepldsisi pplgeihererandyie jike eadlsd on of t he

t d the t 130 nb t be used,
based RSO HORaE BT APoA e PAr oS et POy AE o R PR T o 2t ur e

For exat § andW& Snido ta@ﬁls hggclafiedbMnakers Aigidmwnm tbaliosexdrkilldn thy at. i For
protein A ~or protein it can be used in conjunction with 20 appropriate

tag bi eeie, ea (Qﬂ]ilqiyn%gly@ﬁ) Knlegs pre analpbieafieraiSheamier FOLRESdACof  an
Ibr%rf In %gﬁtb% IF S%laga[rr(fa ) heé‘g ilMQ% ?ﬁoﬁa(ﬂ 'EQLeezﬁHlld@Shn%éeQ aé?ﬂj%&ﬁ 1ibk £lop such as

y aval e End appropriatet ers (see, SIGWA
| munogdhiestigalisnal BliGgeat al ogue  SI GVA, St. Loui s I\/D) [131] Simlarly, any
hapt eni c or antlﬁenl c_conmpound can be Lised in tWItIh an

appropriate anti Tag haders areiipdia golid WB%tFatfﬁa‘tSan Wo%éaa‘f?glg specific
ant i bog @%dé‘&ﬁ—feﬁlﬁg‘g%ﬁb?é | S6 1RV RRL S r BBy cﬁﬁdattzeawlﬁl@ﬂbhméa Bg ar e

descri bé terature. For exanple, In one conmon COﬂfI%UI’atI on, the
tag i sexpobingsil oanpbitiodyofadsubstiae tag clisinmicd redgsntawhieh dixds & gbenbseh T ch

|r reﬁfog?g%’tztel% ﬁ‘ir?aech t16 ?Qaltc‘lflgg h; alrt{g’ét?cg’ggttl dﬂ)‘?@gét%deal Irbeg%p o ptfgjr&?g Wl ag and
tag are suitable for attachment to a longer chain portion would include amines, hydroxyl, thiol,
and carboxyl groups. Aminoalkylsilanes and hydroxyalkylsilanes can be used to
functionalize a variety of surfaces, such as glass surfaces. The construction of such solid
phase biopolymer arrays is well described in the literature (see, e.g., Merrifield, J. Am. Chem.
25 Soc. 85:2149-2154 (1963) (describing solid phase synthesis of, e.g., peptides); Geysen ef al,
J. Immun. Meth. 102:259-274 (1987) (describing synthesis of solid phase components on
pins); Frank and Doring, Tetrahedron 44:60316040 (1988) (describing synthesis of various
peptide sequences on cellulose disks); Fodor et al., Science, 251:767-777 (1991); Sheldon et
al., Clinical Chemistry 39(4):718-719 (1993); and Kozal ef al., Nature Medicine 2(7):753759
30  (1996) (all describing arrays of biopolymers fixed to solid substrates). Non-chemical
approaches for fixing tag binders to substrates include other common methods, such as heat,
cross-linking by UV radiation, and the like.
[135] The invention provides in vitro assays for identifying, in a high

throughput format, compounds that can modulate the function or activity of a particular
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30 binder pairs, such as agonists and antagoni sts of cell nenbrane
receptors (e.g., cell receptor- ligand interactions such as transferrin,
c-kit, viwealodoewept or |igands, cytokine receptors, chenolPCRaSOB38Sp3 Or S,
i nterl eukin receptors, imunoglobulin receptors and anti bodies, the
cadherin_fam in_fam

y,, the.integri I t he ,sel ectin .famnl he |ike;
see, é?@.l(?gyw'fjgao‘thn@ ﬂnﬁ&%&ﬁ{"f-TﬁSnB&%ﬂﬁéi‘i“é’Hs R s ﬂlaeg{gégl orS%b?"‘I( 1993)).
Si mi | apdHiy 410Kk B ANPred@AMBat dbbs Adt iRdudD PSteRET 4RAuRET AiSORI38E 26 the
epi topes, "hornones (e.g., opiates, steroids, etc.), intracellular, receptors

(€. g. assalys ate highdy anigornm. hSuchfoptional controlaeacions aivePProprigierad Ingrease thfi ng

steroids, .thyrqid hornpne,.reti.noi i ] X i drugs,
et | AR e Aot reouient iF BPReR Rl ahbo ARl He RERMC e

copf i gureatib fludeQubDsasrNfdactes , FaratebNthe apagsnpialsd @ésdsbadntinant i bodi es
can all interact wth 5 various cell recegé}ﬁr s. [132] Syllrgt hetc'{ ol ymers,
such asoduditguircentialisactioppriishdemst nskidraspedHaprrrovids Rpgkergun %Eﬁfim des,
pol ye%hli/d.eneétlr{,i.tnes, pol yaryl ene sul fi des, polysiloxanes, polyimdes, and
pol yacé Ate&'CAR" al so form an appropriate tag or tag binder. Many ot her

tag/tag binder [p3é] Inas@e adsags iisell bb desirabistahavypisein walekitbewsuier ei n, as
woul d be apparent to one of skill . 10 qup revi ew of . this.disclosure. [133]
@hs, ALl

Commorihatithfkermspangets oA shessys GESWO%%P BHRLOPEREIRUNS so  serve
agpt %8 %{ﬁt Ab@k%@ ggbée%ﬂ&fo% SBVHENEEFand UE ﬂlelel§pd1§é3yoﬂhbér§se gegeces of

bet ween amno acids. Such flexible |inkers are known to
t hose dhbmskink Iredeptolr hen e incutfated with anpéamplp of theasdas] 3pddhe FSFRIGIE INGreAéEr s ar e

avai |l abl e from Shearwater Pol yners, |nc. 5 Huntsvil.le,- ese

T ke 5Bt ARG RV HGPEd PR n g PRGN el AR e

het er qf, 4nch]oR0 breld. MRS a khdw linhiBigorur %ﬁﬁ%&ni@tr of aftbpedlgy of thokhemskibst r at es
using any of a variety of nethods currently availahle. Solid subhstrates

are convaptingcanbe addad, zbithe resplimetdesieasd ipstgnplfor thgnsayityohibe cBemakiBer t i on of

t substrate to a .chen cal .rea ich fi 1 Galgnup 20 to the
sagf a&@c‘?‘mﬁr&ﬁnitbg S?@E“éﬁ%g%{ﬁdt ﬁt ‘gﬁpoer%ﬁﬁéeﬁcrﬂ%%d iﬁﬁgmtg %‘gg‘g.@n gra.lsglyc?)jr exanpl e,

gr oUPSoWbidll withh SctBMidrad ighibhersab tiad einlatére whidhonhibit thdaicreapoort i on woul d

i ncl ude am nes, hydroxyl, thjol, and carboxyl groyps, Ami.noal k ksi | anes
and hydgersaseathrl/is oitienyiss canged b thegquepenes okt H?%&Oﬁg@toé Ogl e %ﬂ?% L
surfacrgge tc)sruch as glass surfaces. The construction of such solid phase

bi opol ymgr arrays is well described inthe literature (see, e.g.,
Merrifield, J Am Chem 25 Soc. 85:2149-2154 (1963) (describing solid phase
synthesis of, e.g., peptides); Geysen et al., J. bnmun. Meth. 102: 259-274
(1987) (despri bi 0gmputdriBeaee As§aysol i d phase conponents on pins); Frank and

boring. Tetr ahed[rlggl 4\%&91(%‘[%129 zilsga}g f%% %gr)npggr?dss%flaltt %ilorh%la%él Eltergl%tsni/i?y 8rf fu\r{éatgoinous

of chemokine receptors involves computer assisted drug design, in which a computer system
is used to generate a three-dimensional structure of a chemokine receptor based on the
structural information encoded by its amino acid sequence. The input amino acid sequernce

25  interacts directly and actively with a pre-established algorithm in a computer program to
yield secondary, tertiary, and quaternary structural models of the protein. Similar analyses
can be performed on potential or known binding partners or ligands of chemokine receptors,
including binding partners or ligands that only one topology of a chemokine receptor. The
models of the protein structure are then examined to identify regions of the structure that

30  have the ability to bind, e.g., a chemokine receptor. These regions are then used to identify
polypeptides that bind to the chemokine receptor.

[138] The three-dimensional structural model of the protein is generated by

entering protein amino acid sequences of at least 10 amino acid residues or corresponding
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pepti de sequences on cellul ose disks); Fodor et al., Science, 251:767-777
(1991); Sheldon et al., Cinical Chem stry 39(4):718-719 (1993); and Koza
et al., NxOwsme4Newicine 2(7):753759 30 (1996) (all descri lpcagisar/ssays of

bi opol yners fixed to solid substrates). Non-chem cal approaches for fixing

tag bi .S L. 1 pcl -gt : . at,

Cross- Pﬁgcﬁéié ﬁ{‘gla 5 gé{%@wrsg%ﬁgql}lg(r%,pld%ﬁgﬁtcﬁgﬂjf)?%g?&% Eg)g ?lg%ﬁ(gmlio?\i\i}g E‘t’lﬁg‘r‘fggr ovi des
in Vit eypteas Shysarhino aciiiestijiéncenencoted by thie glacleichaciligdyperice$ proviaied hewrpounds
that can nodu) ate the function or activi %é@Of a. pa%ﬁul ar, 35 WD 03/047420
PCT/ USIPBresg5Be PRRA| S5gYenses o WReIaRIGTR of BEOBRIEHS: Wik cBfode s HE hat
measur f&?rﬁ%ﬁb?ﬁle%{;% %&deﬁ% 10/4ebiiu oftaR@nGRb Eciﬂ@?(ﬂleeheéfbtr b Aficlebidde does

not include a pote tor are optional, as assays are highly
uni § or mquSuelenopting h@ hmimmaaidd) aressaterédomso taccomppten pysten droancbnipuderease t he
reliabjlity of the ass Accar di ngl i referre di nent, the

net hod ey(?PX‘idﬁecongWé?ﬁ aBls %uﬁgfagqiggagﬁ%u%, EB‘P?F? BP{ IF‘B&%CF{BE%?C@&C each of the
assay @t@fa@@hﬁdﬁe(té%(,'rﬁ%eﬁa BRkefRAEDA! drirideed) ah@lohip8R 6blidl scwhai (612, €D not
include a nodul ator provide a background l'evel of 'binding activity. [136]

| n sonBOAs infermatiopidigtribeted by interbblcsited ahd by ReoY; tihedhuieeimenseongb ensure

that the components..of the assays_ ar rKi erd | e types
of pos ?tﬁc\ﬁggpfﬁocieg 8? F}}?ngc’tg}nelsg%ﬁl r%B?rfgefl \é\)g’ tlﬁ‘%’ {rﬁgefr;g‘gtg&konf(%%{\%aﬁ%ﬁoia\gfgfs %‘fl&e\g@el i gand
of 10 heatdpekogyutef systing el softwhaltknothaswkiseof Eleitigptierartan be i ncubat ed

wi th one sanple of the assay, and the resulting increase in si g(?ffll
resul ting from aH3%hcTbaaminoastd seIRgnCe FEREpRehsia REnuy sHPEre HltBF S ed

accor dj Qﬁ% fggg i : Ll S @pt agoni st
of a tléh%g?%glﬁa%@e%e}gggsc enokKi ng{er&re Ceogg% b%néégx%gg\&g%}g@c%w%%{utrﬁe resul ting
decr eapg@tdioBingsredt. The sdfearaddokeiat yerain pdremetomsnamicoderl bylthe pamept or can be
simlarly detected. It will be appreci ated that rmdﬁ%lggéors fcan al so be

combi n&WUFREH0 gensrats et drusturplipedsi « These parametds Asde FQAMFPEI8Yi nhi bit the

i n¢g ea £ ‘ ' M S8R Hbid fReil8S ee&tof the known
rmgﬁl a?eglpg’ofa n?ﬁé&%ﬂ%%ﬁﬁéele?%ﬁ%{% r. 28 Drfllﬁ%gprrputl eét?%asaed Assays [137] Yet
anot henccassildly sirGaces, onp diyrichgen hending didcandary khieergg térmis iyclede Yander s of

chenoki ne receptors invol ves conputer assi.sted dr.ug.design, in.which a
conput BY'® Wiﬁ' gf%o?qgécaﬂ;wg@ ngjﬁﬁfguguﬁeﬁ ttléaégﬂ}llﬁ%lﬁgf%negfﬂ%%'tt?ﬁlét%? e of a
chenok pigulh@FLRENbn PREE Gorputbifro gy i iddé e usid OIhe®d teahs eite@sties) iy its
am no acid sequence. The input am no acid sequence 25 interacts directly

and acpiimelystmeituke or prisodsidsHiahet araethasependsnastashpeteedehr ogramto
yigld secondary, [1t4%f t Tl Ye;ti%?%trﬂ&ﬁl}e%rf%r}yro%ﬂ &Fcto%@i)y {H%%%J:&ldﬁjy shlﬂ@tuper otein.

Sitilar anal yses
is then formed on the basis of the energy terms of the secondary structure. The user at this

point can enter additional variables such as whether the protein is membrane bound or
soluble, its location in the body, and its cellular location, e.g., cytoplasmic, surface, or
nuclear. These variables along with the energy terms of the secondary structure are used to
25  form the model of the tertiary structure. In modeling the tertiary structure, the computer
program matches hydrophobic faces of secondary structure with like, and hydrophilic faces
of secondary structure with like.
[141] Once the structure has been generated, potential ligand binding regions
are identified by the computer system. Three-dimensional structures for potential ligands are
30  generated by entering amino acid or nucleotide sequences or chemical formulas of
compounds, as described above. The three-dimensional structure of the potential ligand is
then compared to that of the chemokine receptor to identify binding sites of the chemokine
receptor. Binding affinity between the protein and ligands is determined using energy terms

to determine which ligands have an enhanced probability of binding to the protein.
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can be perforned on potential or known binding partners or |igands of
chenoki ne receptors, including binding partners or |igands that only one

t opol ogy wb oa/o¢chaemoki ne receptor. The nodels of the prot @Ca/GS2/88554r e are
then examned to identify regions of the structure that 30 have the ability
to bind, e.g., a chenokine receptor. These regions are then used to
identify polypeptides that bind to the chenoki ne receptor. [138] The

t hree-di nensi onal structural nodel of the protein is generated by entering
pr ot ei iVani PERRCTIGNQEREFERENT TRROLOMWESWRCHEMOKINEJues or

correspondi RECEBBIORS03/ 047420 PCT/ US02/ 38555 nucleic acid sequences
encodi ng a potent.y henoki re t.or ligand ,into the.c uter system
The an no-aci d_ s UabnBaeIB AEbiebTHYE thee ARFEORIPE BT BT o0 Geq
hergi nreck®Br 6B est. MBorixaiPley irBRUHORESE cA bSHRILE YLMNaLSvVE of he prot ei ns,
whi ch encode the structural information of the proteins. At |east 10

r esi du@sansitatiyelyantyse geitapdegiehte ehetanking racrpfaot grernl segiyaaveel Bacodi ng 10
am no i n ed, | L emf.r co eyboar ds,
corput B BT tEk e i BuRe hRaAREREL S, B ab AT LORERIRYL

el ectr (I9igg). Altehapelyyadhan(ibody morB@sEith affindtyedbit £partitalpetpogyf hdges, and
chips), optical nedia (e. ?D@ CD ROM), information distributed by internet
si t es, champkine 1egntorpdd afspbedsed pedeiged Higitopadegi Rfta FieMOlFSArCPIOTt he protei n

i S;t hen generate | i ' sy gé{g]%c and the
colrgput er system ﬁé‘?rn%&?%? t@@%;fg&iylncgaﬁﬂftf%%t oeggk(g)?lgé%s?lﬁ?n t éﬁlgga tg11 139]
The aniotnnd dpatculanigand €ppesehtmolangrindmatys the pustnreso ftahpecifin dapdégy t he

information necessary tq formthe secondary. . tertiary .and rnary

St 1 uct O BIFANRE ORI T SfAmBIE QUi et T e B Moo SEBALS

par aneh gl o BRCASRdkiRY 1T Rdi R hat TEACRD L the t RV Abend Deorsdsh balclr al
nodel . These paraneters are referred to as "energy 15 terns,” and primarily

i ncl udeells| dhisrosthed iscipdarknappdicable figrddentiipbg othsotaweisde g, oyetiaesancer,
acgcessi bl e surfaces, d, hyd hondi ng. condary energy terns include
va de?ewlﬁﬁf@nceﬁoglg’mq%iqsgqrxas?oﬁﬁiSB%‘PP %8§5es formthe structures that

mnimze the energé terms in a _cunylative fashion. The conputer programis
t heref ore uéng pREBRdIESfHLaKget BYRWMSy the primary structure or amino acid

sequence to creafjqf NReBRR RIAYaRIAMSSINIMal BRIBIonodBnd1 ht@bodiEaniter ti ary
structure of the protein encoded b e secondary structure is then forned

on t herepetsipscifitaliywitlemprajgintod interegifor shesifeivopoldgy pf 8 prajemreknopetouser  at

this oi nt .enter additiponal variabl such as.whether the protein is

rerbr ARSI e 8 (@6 e PRBkrY e Pom R IR ABDS ik 0 e

| oAt | Qipra en@referbiyded Bit@BHefein; SGEIRE Supr@l and WeH16&2dnd MilSism Naieadb@s9zl ong

with the energysterm; of the secondary structure are used to 25 formthe
e

nodel 417 ¢19é5)ePusheieghriquagdnalude antihodpprsbiraion hesalegtionafynkbadicstijpme,  t he
COMPUL B, 2 ries of recombinant antibodies in phage or similar vectors (see, Huse et al., supra; and
Ward et al., supra). For example, in order to produce antisera for use in an immunoassay, the
protein of interest or an antigenic fragment thereof, is isolated as described herein. For
25  example, a recombinant protein is produced in a transformed cell line. An inbred strain of
mice , rats, guinea pigs or rabbits is immunized with the protein using a standard adjuvant,
such as Freund's adjuvant, and a standard immunization protocol. Alternatively, a synthetic
peptide derived from the sequences disclosed herein and conjugated to a carrier protein can
be used as an immunogen. A further option is to use a cell expressing the protein (e.g., in a
30  particular topology) or a membrane fraction or liposome comprising a particular topology as
an antigen. For example a breast cancer cell line expressing a breast cancer specific topology
of CXCR4 can be used to raise antibodies specific for that topology. Antibodies raised

against the cell, membrane fraction or liposome can then be selected for their ability to bind
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program mat ches hydrophobi ¢ faces of secondary structure with |ike, and
hydrophilic faces of secondary structure with Iike. [141] Once the
st ruct ur ewbag/olbmen generated, potential |igand bindi ng re@Cons02/38565
identified by the conputer system Three-dinensional structures for

pot ent g giro@aﬁ.dﬂrh&rﬁetyg(gis %Hf’cﬁf’a%l‘?rglgpn%l ﬁﬂﬁ@ﬁdrﬂ&ﬂ%ﬁ'&lp%%bﬁa otdied eoti de

sequences chem ca l'as o ounds, as described above. The
t hr ee- diperdssit ondfs espresitnime pitidube gpbtyret i al |igand is then conpared to

that of the chenpki_ne_receptor to identi.f i ndi ng.sites of the chenokine
receptor. Bindi 251455] f PWP@B?J@FW%C%%&&S%{‘E‘it‘?{eéaﬁ@“rs? A EH i ned
usi ng ﬁﬂﬁﬁt%éséa?rr 15 exhnBpRed 17 Ph8sMM Bt dabFREl e ﬂﬁavrﬁmaﬂ%%mﬂﬂmimmabi lity
of binding to the protein. 37 WD 03/ 04742% PCT/ US02/ 38555 | V. DETECTI ON OF

Dl BFERENIAROPEUOGP &iScloRalGHESDKIVME 2 tRECH] gieaiep preAskoaied apditestsd fased t o
detect ,di fferent.topol ogie f chenoki-ne .5 receptor. of interest. For
exanpl Leeraacha RS G Riopp Y oL e PrOERS Mecebiof on e
anal yzgorhfiegd2rbeay, @fingda 64189Rkive Biddateiiminoadsage 8pécic @oasdlbeavaall t he
appl i cabl e technol ogy can be found in Harlow & Lane, Antibodies: A

Labor ap@dyglons aatbodigsiaggntison wall netally brad witlha Karpfiablsast aberiel Limdd, wpien

af fini r LL.Gular Y, i e 0 be
ased Al B BaAEbY s R e b IR RGPl B B2

spexi f0.01 L eobetdrf f er bet ween topol ogies. Therefore, the ability to bind
to a particular and (e.g.,.a chenpkine) indicates the presence of a

i I
speci fic topol ogﬂl‘&)f Far g o anEbHes £.8- FETOMERBARSI TRONAONal Ofist r at ed i n
Fi gur il i i i I igndi cat es
Chat | CorEEiopE afbidicel ity SR Buo\ph BN BricaELE DRIV . Ker F0d T s
si ni | aMilstearp Plarwal®l56: 406:497 (ETS);fKioabgr et digimuanclegs Téduyd: 72¢1R%3)aBoleancer |

15 cervj cal ce | j | ast oma, Kitt's | h : .
At bot88- 15305 HlardpPBeeEof eaite ks dersy SRBBotio 5ol s8 bnal and
Mor¥0C| OhRdand 0l RABPRS0 MY InhBAGlogs PBOI |; Fealohwy &ViL.dnb, Anrioatsi o of interest

or specific topol o%y of a proteinare known to those of skill in the art
(see, kabyratotoMagae,(1888)r and Gedingiddoremelanadl Avidhrsliess Bpneiplesnd Esagiceddd | 20

supra erences cit t.herein; di . SuU ; | stein
Nat ur e?ad?gg%@&gé_ﬁe BYFS (ET@%%% t_ﬁe St @@ﬁh{?%ﬂa&s di glaﬁ@%%é)rﬁ%%tggs/%&geb plgI aration
by sel gehddoRorfa Nl &.89dict%nés @bdihk Amddroebonal antie@ytintrndlomdtfiidiedi es in
phage or simlar vectors (see, Huse et al., supra; and Ward et al_,
supr a) hybrigdemaseased to prodsicd @reqombinad monoglepslyaiinodyo rGanedibraieggncoding
g i el hd afifibHies? haRHdm hyBEBRMY o figheof . 1
OBt F  L RRo  a SRARTh AT )
cells. Random combinations of the heavy and light chain gene products generate a large pool
of antibodies with different antigenic specificity (see, e.g., Kuby, Immunology (3rd ed.
1997)). Techniques for the production of single chain antibodies or recombinant antibodies
(U.S. Patent 4,946,778, U.S. Patent No. 4,816,567) can be adapted to produce antibodies to
25  polypeptides of this invention. Also, transgenic mice, or other organisms such as other
mammals, may be used to express humanized or human antibodies (see, e.g., U.S. Patent
Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, Marks et al.,
Bio/Technology 10:779-783 (1992); Lonberg et al., Nature 368:856-859 (1994); Morrison,
Nature 368:812-13 (1994); Fishwild et al., Nature Biotechnology 14:845-51 (1996);
30 Neuberger, Nature Biotechnology 14:826 (1996); and Lonberg & Huszar, Intern. Rev.
Immunol. 13:65-93 (1995)). Alternatively, phage display technology can be used to identify
antibodies and heteromeric Fab fragments that specifically bind to selected antigens (see, e.g.,

McCafferty et al., Nature 348:552-554 (1990); Marks et al., Biotechnology 10:779-783
(1992)). Antibodies can also be made bispecific, i.e., able to recognize two different antigens
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25 exanple, a reconbinant protein is produced in a transfornmed cell Iine.
An inbred strain of mce, rats, guinea pigs or rabbits is immnized wth
t he prot ewo0a®imgo a standard adj uvant, such as Freund' s &djrwsansgssand a
standard i muni zation protocol. Alternatively, a synthetic peptide derived

b s o6 S DRIAO g Rl B e tre o R Rl ! ™

be use onis to us expressing the

prot ei MetiRdYin EhDmdlod? 108210 ¢LISEY). tAapidbaigy darpals@berhetbroacgugatac t.gotwor
| i posone conprising a particular topol ogy as aSa:n ant i gen. F% e le a
br east cavakeody jaetd antibadies,qs BIBMAKGXES KERE» Banddtens Pct 07t bpdithgy  of

CXCR4 e288,408. %gz}zgggﬁ'. dgﬁtd?)gg ies specific for that topol ogy.

Ant i bodi €s raise ai'ns e cel’l, menbrane fraction or |iposone can then
be ssel ected for pkg] r Mattidds for Humahnizivg @ Hrin@tiaBigdbndAonRCIHLLSH2Y 8385848 t o
the protein, This nethod is partigul rly. useful if the gar.ticu ar topol ogy
of a pkeave B theart. gEgasabnhe imanize é&%’roélé%’iaﬁ)ﬂn? PF QOTAWNR 3G TSSIUS ¢ ype.

[145] ﬁ%oﬁﬁéeﬁ?%h 54 alas'bﬁrc%%ﬂi ) %%grﬁfl’iﬁglaﬁ' trRERhAARINH arkiR6 abiimRENAGEN I N an

I Munoassay, r exanple, a so ase inmmunoassay W th the inmunogen
i Mobi hieaden esferrdl @ a5 dinport sesphestwhistodrg ¢yweally talken Semanimpprt yatghler of 104

ter, | ected d tested f t hel | t i Vit I NSt
i 11 or GHiiBo BaTBgYAbP RO e wms o o PV REPR LY WirBRBIEh S

Praj ei QorkebSsOY e d.. 98ARSY: 1111 NgruRé 51i: 392 -323UOYRSRAhmepe el 4li, appaocl onal and
pol ycl onal anti bddies and antisera will usual [y bind with a KD of at |east
about B32L328VB2Th3P88); Ysthmleygn eftall, éez‘snceéﬁauﬁ%-lﬁ/% pYasRepathPipstas Cwrga@p- about
0.1 M bept er,,.8n refe | r ] For

or epar SEIErPBE 24501 B a2 b TRt p i GO & ChRAghpdce 48] T0

ant i bogégporntBilyseqeitel i himenantivddy.hacesrliingan st lumedifcsleatibelies. are Kohl er
& Mlstein, Nature 256:495- 497@&1975*)/{;) Kozpor et al _, Irrgunol.o%g Today 4:
72 ( 198@mericanibosiesdU.S. Baent Wo. 481650 Nowherrirabstapiallydessdbanatd®hcer

Ther apy, Al an. i 5. ' : togRls in
I nﬁnoﬁ%@%ﬂ ?@Eﬁ&onﬁr} P%s{/]vgegnégraﬁ%?‘)t dnltnl;_ﬁlgg? g&g’%ﬁdm%% Lfeg%%%ﬁl\z/gnual (1988);
and Codign sp¥oies ClropratticAnhirhadiekantiodiecarp tgscalyduRrancntibedi¢id whach  1986) ) .
The genes encoding the heavy and |ight chaing a antibody of interest
can besoms¢ 6REFeFiIABH aéldd’@P?IPg'éP’@?e,FlRtr%@db"ér?égS@ﬁ&%’&% ?S%ﬁ%%‘?%nal ant i body
can beaﬁl?ébggsﬁ%qg}@denp&g{gonga and used to produce a reconbi nant

ody. Ce i

nmonocl onal~ ant i ne libraries encoding 20 heavy and |ight chains of
nonocl onal ant i bpd8ks Acamber sbpivtcimseafdhd inyentinpnontwisicoMIINRSeHRE MBEDS s |

Rand nbi nat i .of. the h li ght chain . . t
e e R T G L S D

Kuby, REpatnhasprdisinds 86 prefbQ8T inmurdeh frbe prddactidhes onutiatl @n of singl e
chai n anti bodi es or reconbi nant anti bodi es ) ) .
polyclonal antibodies. Naturally occurring protein may also be used either in pure or impure
form. Synthetic peptides made using the protein sequences described herein may also be
used as an immunogen for the production of antibodies to the protein. Recombinant protein
25  can be expressed in eukaryotic or prokaryotic cells and purified as generally described supra.
The product is then injected into an animal capable of producing antibodies. Either
monoclonal or polyclonal antibodies may be generated for subsequent use in immunoassays
to measure the protein.
[149] Methods of production of polyclonal antibodies are known to those of
30  skill in the art. In brief, an immunogen, preferably a purified protein, is mixed with an
adjuvant and animals are immunized. The animal's immune response to the immunogen
preparation is monitored by taking test bleeds and determining the titer of reactivity to a

particular topology of a chemokine receptor. When appropriately high titers of antibody to

the immunogen are obtained, blood is collected from the animal and antisera are prepared.
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(U.S. Patent 4,946,778, U.S. Patent No. 4,816,567) can be adapted to
produce anti bodies to 25 polypeptides of this invention. Al so, transgenic
m ce, or wWOhaw4m@e@ani sns such as other nmammals, may be uPEd/USO2/B85PF €SS
humani zed or human anti bodies (see, e.g., U S. Patent Nos. 5,545, 807;

g
5, 545, 806; 5, 569, 825; 625, 126; 5,.633,425:..5, 661, 016 | .,
Bi o/ Tfé‘ﬁli%ﬁ’f g@%ﬁ%@f‘?‘éﬂ%? 7 %)@“E%ﬁ% é‘P‘éé%‘?esé%c,Jﬁ"’%é? hhregﬁé%%: Gheso
(1994)donMpf dds B8 ¢see Nﬁrwm&&n&m@%.(w%); Fishwild et al., Nature
Bi ot echnol ogy 14:845-51 (1996); 30 Neuberger, Nature Bjotechnol ogy 14:826

(1996); and Lonbidp@] &preskenal antihodies mavehe obtdipgd isslg varpug kehniqpesnos) ) |

Al t tivel h .di spl £ 0k i -ant i bodi
and natire SRRl LRe Rt TFRRRY Ak PR R A dnfy AR il 270
(sse, ®sied antdefafd igniottaizedlcomniSalyb g Aifd: wifiva hfydlopdOQ) (sedyKiokker end al .

Bi ot echnol ogy 10:779- 783 19924% . _Antibodi es can al 3\% be malde bi specific,

. o. . MBsiein, Gur. o bnioiad G0B1-811 (1976 Adfernsgangieteds ADTORPORFASEN

0 36 2MaHE S -ty RmatlorPith YRR AP Yhus GreUAREKEE rilo dluses BBEYY- 10
( 1986)mhethéds Wwhid fi@sn mathe att s Golaidsetrisingdom) siggleemmostatjzed ¢alls arcveshedt | y

j oi ned. anti bodi es, ar |. ot oxi n see,.. e.qg. ..U atent No. .4 6, 980,

bo " Hoonedstancs aa b the e stisssy w8 srnnororRGheet 4 MALH 21 ng

oroPr itH@Moélbagnﬂ%ﬂf'mﬂg@s;br@Née@ 8¢isBeh &8 B/ e enkARWA blyRatibes t@éﬁni%@@,ner ally,
antlbody a

a humani ze one or nore amno acid residues introduced into
it frdmeladimgunjeetioshinttthé peritoneah oasty, of Fhvsstebraterhast ndlieranti veby, #8F #aYesi dues

are often referred to as Jjnport residues iLeh ar [ from an
i mpor tlsﬁﬁﬁeilitﬂ‘?‘éeq‘%lﬁ%ﬁ ‘?a‘lk‘mlll-ig%é’qu ?é??n@ﬁfé@%an\ggo seh llng f?a%élre%%{rh%rr}e%g?
f ol | owiynG rdeighcEDRAi iy Woth BimaA B EMls 16oMInK &F the (g8B&al ool clnhesi et al .,
Nat ure "321: 5227- 525 (198%/); Ri echmann et al., Nature 332:323-327 (1988);
Ver hodyess el adupra.Sci ence 239: 1534- 1536 (1988) and Presta, Curr. Op.
Struct. Biol. 2: -596 (19 . L& L r in g
séauences for th@gﬁco ?Cgéﬁr(%%%ligr)ﬁngengs%%%g?%&edg%g kggfﬁﬁ?}%ﬁ%g%tl og%Fn °
Accor dhagued %wv#aﬂwmhmmoamy hadics vdthequatitatine and quemtitdive ressltf. UFS.
Patent No. 4, 816,567), wherein substantie%IIy,I ess than _an intact 15 human
vari abi @viesnel immunelgicah ard BRTPRQASE D5)CIAHESS EbeFISE SrliSHESs ¥ lience from a
non- ; | TRALESH cAd (ReI8Sd & Syl okeahl Y human
ant i b%@v?ﬁﬁlﬁ%ﬂﬁ%ﬁ%@&g Iéegl ues gﬁlgcpossi bly sonme FR residues are
subst i donfigdranyns, ediicheas rédviovad ataisoghuis Mageis Eigymeddemnoassay fodCdsess] 148] A
nunber_of protejins o e j.nvention conprising.i munogens nmay be 20 used
t &Vpr ¢ %tﬂ’%=%ﬂ%ﬁaeg§9é(ge$p?ﬁeﬁ’a51”?§ﬂ’3pg _FIBE’_tan&aﬁ}e’rg% ‘ive with the
prote ne OI. I nte g%t)'mnﬁﬁﬁﬁF%gQ%eMﬁfgétb@téiﬂeirpiﬁﬁrﬁéﬂ@éﬂnﬁl@ﬂ%&%@n for
e production o nocl onal or .
a polyclonal antiserum which was raised to the protein (e.g., one topology of a chemokine

receptor) or a fragment thereof. This antiserum is selected to have low cross-reactivity

against other topologies of the chemokine receptor and any such cross-reactivity is removed
25 by immunoabsorption prior to use in the immunoassay. Alternatively, antibodies that

recognize more than one or even all chemokine receptor topologies in a sample can be used,

for example to determine the overall level of chemokine receptor in a sample.

B. Immunological Binding Assays
30 [153] In apreferred embodiment, a protein of interest is detected and/or
quantified using any of a number of well-known immunological binding assays (see, e.g.,
U.S. Patents 4,366,241; 4,376,110; 4,517,288; and 4,837,168). For a review of the general
immunoassays, see also Asai Methods in Cell Biology Volume 37: Antibodies in Cell
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pol ycl onal antibodies. Naturally occurring protein nmay al so be used either
in pure or inmpure form Synthetic peptides made using the protein
sequenceswOasosidbed herein may al so be used as an i mMmuno@Em/Ser/385h%e
production of antibodies to the protein. Reconbi nant protein 25 can be

X e BB LB O, RISl SO0 ST s et

descri hen 1'nj ecte |nto an ani | e of
pr oducimguacHssdyspiypiallfFutihss a “da:pirum:zhgmti’l toepeqmﬁcteyk;/lhmhto andtofiondi es may be

gener at ed f ubseguent use in no says .to nmeasure the protein. [149]
Vot hoalmBPoEe HEARRUE GF THoFyE fAPAIO R R ADEMEEg FE RO R B Plose of 30
ski Il kihstNRnédstiherbhr) PThE bapt@d agéﬁflfmaﬁﬁbty ﬁ{a@éﬁécﬁmam Birddkd fh'e%ﬂalE)feOt ein, is
m xed wth an adjuvant anop animals are i Tmuni zed T%e animal's T nmune

r esponbea pefdrted emhnsilnngﬁnthe pagpEngeitonan sntiody thet @pIECb@caﬂlalbmdg foest bl eeds

and det er m,ni ter of .reactivi to rtic r 0 of a
e herok PHEHE ‘%P%lpgy b RheptsereRst e BB @ B re BB SR ne
i mmnogﬁiboagﬁr\?\%? PRBlcedb PRt dfs it 6f Adady wal kitGviaddl thode o@@ﬁhll&ﬁ&lﬁéer a are
prepared. 4 047420 PCT/ US02/ 38555 Further fractionation of the

ant i sept andaedgscibed Ahovant i bodi es reactive to the protein can be done if

desired (see. Halay fd hafley SURTMLy LR90L ARGELANRl, BOLDAR &5 By be

obt ai ned using v ues iar e art.
Typo cahxbcyl,absmh@mdﬁgl dosnle:oforaed eynihewhpiureapehzad the tialgte. S“hdm;iehﬁgi antigen
are imortalized, commonly by fusion wth a n)éel oma cell (see, Kohler and
M | st epgent may itsalf be ﬁﬁﬁlﬂ%‘lhe ngielips compriging #p)antibagly/apale W@PW\%t hods of

| mor t %ﬁt%&l%lx&? tPE'?Ab‘éﬂff éengm’ayiaé ﬁ@lﬁi@fn h%gﬂ"%ﬁl ?f}uoﬁfé%ﬁdﬂbd? o Virus,

oncogenes, FOVI T LS or” ot known 1 n"the art
Col oni ggecdichBy bmndt t@theantipbdy/proter doalpleed cel ls are screened for

production of an es of t ired i Jdcity and affjni for the
antigen, and vyi e[](ﬁif H@P{%@M@ﬁ%ﬁt tﬁ%f% 8{5 é%g’f)}sc?osl?ﬁ@"df Wtbé%h cells
mays bepenianagst b)&lt‘éﬁ{a'u%!%f fhe SR3hA RS0 dyinds) el RtbeNibBCH bR, i@, bhe
peritoneal "cavity of a veftebrate host. Al ter natlvely, one” may i sol ate DNA

seque nb@mdvbm albend tdwl antivodpepeoifialto amqum;pf dhe spepien omgvhick greesseondher eof
by scr ee

ot ot ocBTSHT i ek oty hpatcbnd pol TRTaP o it FET P oRl g By f. SEREE

pr ot ei BoERSGiHich AMitdiaBéles malegule\¢ah kil fvalll Bendp Edhels Rngatic- m@eletreasur ed by
a variety of | nmmunoassay nethods with qualitative and quantitative results.

For astraptévedinof i nmunol ogi cal and i nmunoassay procedures in general see,

S 5.3 P . P By P TRESTRKS S A AEBAb DY o S O,
i N MaggdmRtannZagivns, 1ich A0 pRAeEH A ERCotPINeS Scan also be used as the label agents. These

proteins are normal constituents of the cell walls of streptococcal bacteria. They exhibit a

strong non-immunogenic reactivity with immunoglobulin constant regions from a variety of

species (see, generally, Kronval, et al. J. Immunol., 111:1401-1406 (1973); and Akerstrom, et

25  al.J. Immunol., 135:2589-2542 (1985)).
[157] Throughout the assays, incubation and/or washing steps may be

required after each combination of reagents. Incubation steps can vary from about 5 seconds
to several hours, preferably from about 5 minutes to about 24 hours. The incubation time will
depend upon the assay format, analyte, volume of solution, concentrations, and the like.

30  Usually, the assays will be carried out at ambient temperature, although they can be

conducted over a range of temperatures, such as 10°C to 40°C.
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20 Boca Raton, Florida (1980); Tijssen, supra; and Harlow and Lane, supra.

[ 152] I mmunoassays to neasure target proteins in a human sanple may use a
pol ycl onawoanmimer um whi ch was rai sed to the protein (e.gPCTarse2/885p0l ogy of
a chenokine receptor) or a fragnent thereof. This antiserumis selected to

have | ow cross-reagti vit against. ot her topol ogi es of the chenokine
recept or and anyisﬁg%'\—eé el-% 3 I'Qrm"z{ss renmoved 25 by i nmunoabsor ption
prior to use in [188] | IAMOGRSSAN foddi@tingbiotéhy of atdréd idnetssubisdmplesscogni ze

nmore than one or even all chenokine receptor topologies in a sanpl.e can be
used, Ay besihanEPBPEH IR AOREPIBPSHE CoNONSIMPILELYSIMBFINOASSAYIATH 8SSAECBpt or i n
a sanpyg. | L1ogl i i rh efrephed

enbodi lr?'gl}lcth ,ﬁh%&wg#cg%é%%? ﬁ?@?%s@'%’@%@%%&%gﬁaéﬁl}yor%gﬁgnzhﬁfi ed using any
of ; npriieredokandelith kaseayn forrexumolep diecaptubs apdhin@. ;aswfiyche(mdee recegtor  U. S.

P 4,366, 241: 4,376, 110; 4,517, 288; and 4,837, 168).. i f

he. geReitiries] G bRiadgsectlue s b sASTAteNBIROUaS meat7ed Sy Vol ums. 37
Ant i bogj es i ) 7 : j or jc Press,
e, Nt sd Fbodkts oy Bab At e Bncell bR Cotbia TR onclopoRiBy prédemdmcc Press

i MuNogssavple. LI dhdhbokindtrédephs tidus iembili2d agesh botun bype tibbligaddeyt, bi nd to
and often imobilize the analyte (in_this case a_topol ogy of a chenpkine
r ecept s#chas agaeingeniichemakise gersntos sntihpdy dspng arlnbel: HiaRivele e 2o i ety

th i f. cal Iy i . t d : I th
A SBGOLSE ) 05, 8. AR OROBALE yodahp gbu] Biphseglamet, (he
t opol ogtitekiied of enpldiaei s caitothe sttvmdantibhiydy déeval.  Tienetomhanbki ne

receptor _antibody) may be produced by any of a_n er. of ns well known
to t hoswddfedsyith X"rt?f"t‘t‘m% mojety, Gh agBiofRde FBdy? %@ﬁbelﬁ@&ﬁl oassays
also o L bzt an! j Bl pag@gci fically bind to 10 and | abel

t he bi #f?ﬁb&g%%@éiﬁPg?%mlapﬁg capét%%re agent and the anal yte. The

| abeling agent may itself be one of the noieties conprising the

ant i body/ anal yte_c lex. Ater atitvely, the | abeling agent nay be a third
rm]r%ty, such as éﬂ%@éﬁﬁ%ﬁ,&@%t specifically binds to the

ant i body/ pr ot ei n[189"PlLomielitivt atddy RS Sh Mk 6Fa85H BEUtEM Thnal ftb)prbseheini ng
agent is a second antibody 15 bearing a |label. Alternatively, the second

ant i bothe saepld iaicasur¢dindirecthuly ingaswipg therpnannh of sreaddsd pepgsyous) rabes ed

third antibody specific.t ntibodi e ' IC e second
ant i bo&f"iastoﬁ‘é?forg%@g% ogaegla)e%o Uik ?PS{)/I) ?gﬁla%g&ﬁ%glg?l&%%@ﬁ%p 120’5 gt ect abl e
NDi et Yy capttehgaft (i. & & dnti-cHeghoMMeclicédtdrhintibodya beltleclarmibite ptdsentdmthespmplef i cal |y
bi nd, such as enzyne-| abel ed streptavidin., . .

20  In one competitive assay, a known amount of the protein of interest is added to the sample

and the sample is then contacted with a capture agent, in this case an antibody that
specifically binds to one topology of a chemokine recpetor. The amount of immunogen
bound to the antibody is inversely proportional to the concentration of immunogen present in
the sample. In a particularly preferred embodiment, the antibody is immobilized on a solid

25  substrate. For example, the amount of the chemokine receptor bound to the antibody may be
determined either by measuring the amount of subject protein present in a chemokine
receptor protein/antibody complex or, alternatively, by measuring the amount of remaining
uncomplexed protein. The amount of chemokine receptor may be detected by providing a
labeled chemokine receptor molecule.

30 [160] Immunoassays in the competitive binding format can be used for cross-
reactivity determinations. For example, the protein encoded by the sequences described
herein can be immobilized on a solid support or on intact cells or natural or artificial

membranes containing the protein of interest. Proteins (e.g., a second conformation of the
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20 [156] Ot her proteins capable of specifically binding i munoglobulin

constant regions, such as protein A or protein G can also be used as the
| abel agewODI3/0TheEe proteins are normal constituents of wPrhe/use/ssssml | s of
streptococcal bacteria. They exhibit a strong non-immunogenic reactivity

venor o TARRHRH S GRIEHAT, b Bedh Snid P Hiiding BERE GRidcart
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t t d/ hi 1 h
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sever ale oS de&%{afﬁ&gﬂgy The 9@?0@9@1‘% s@eﬁ@tﬂ‘t’t&?@r the al?tp/‘%'-btrot%ﬂts 'i‘s%‘eﬂ@ulatg@e

i ncubat 1lon T T8 end upon the ‘assay’format, analyte, volume of
sol5ut i weing stamdaed talenlnidors, Thogk a:ntumerh ki th lewhhjs U%Icyqsstrmtlaéswtb eafh of be

carried out at _ a nt te ure t h the .can conduct ed over a
range @‘prﬁﬁlﬁéﬂlétga@ggve LR ecé%%tﬁ’é“to ed4g'% °8§¥6121 *SBET/ US02/ 38555
1. NonsfeRimh %kérhdﬁ%d%?@&e%@&éﬁ%ﬁttiel@ﬁ% 11hiﬁﬁﬁ6t€b@§@ﬁb!§ wit@rtheedmeideiddy pr ot ei ns

of interest Tromtissue sa e either conpetitive or

nonconpreteins, ¢g., dmmb’n'p@tedthomhtgmnoassays are assays in which the amount
of captured analyte (e.g., the protein) is directly neasured. In one 5
preferred "sandw ch" assay, for exanple, the capture agent (e.g.,

anfgi - chenoki ne rgcepbdly antibodi es) can be bound directly to a solid
substrate where it 1s inmmobilized. These inmmobilized antibodies then

capture the chenbiéilheThepspewislaps] op ﬁéteﬁfé%I%%P ysed HBIHE 2Py LHhRot & est
sanpl e I‘l’[lCQ.F s%légtr%h@&lvé fbﬁp%s%n% Qyﬁ dbgg@cg' ﬁ?c%ﬂl? lllttLl,}Eéél SWI%QHG Q)écﬁicl abel i ng

agent, SichPss 4 seco enokine re pt or antl eari'ng a | abel.
Al t er nisihdinglof the digibsey osed il theaissayb athy detegtablecdtoap talied anybuaterial hlemlytg ain

o T oSk i St A BER e ol SR
mofy 11 e i B Bufisiaeh tﬁ el rﬁ&'s‘%hatﬁ% $RESM isuch frettideRabl Qp;mtdl abel ed

cul e can speci such as enzyne-|abel ed streptavidin. 15 2.
Conpet totthvpreésrﬂayvﬁﬂomatl‘kusg aw]al israng omppt):’.ltwlvéetaﬁdd@'by Sl@d\tﬁomtmt of target

pr ot ei resen le i.s .measured,indirectl
rreasur%oct?ﬁﬂy%fﬁ@tﬂﬁ‘theﬁ’fw r’lmgH’ﬂ]Q e(né’ﬁglpglﬁ‘btﬂlgﬁ‘l %ﬁ&la ptechemical mea Syt[g%e logy of
I nt er ephe@in the @é%ﬂﬁ'nﬂ&tﬂbﬁ@ﬂl’&dyﬂla%ieﬁﬁ bhagRde.cODyaatEAEEEY, AWRdECefiIayE a

capture agent (i.e., an anti-chenokine receptor antibody y the,anal yte
pr esene.g-nfludrescsiaripptbiocyamatenTexrs red wpedanting ang giwdike), aa%ﬁiﬂhﬁ‘ S &6Bu of t he

pr €l ﬁs OjS Fe reﬁf;b enzr)%geggeﬁi BO].IS ?%cﬁﬁx?ér&ld%@daﬂz%ﬁ E)%ggél}edﬁgié afid'6flers

t act case an
commonly used in an ELISA), and color1metrtc labels such as colloidal gold or colored glass

or plastic (e.g., polystyrene, polypropylene, latex, etc.) beads.
[162] The label may be coupled directly or indirectly to the desired
component of the assay according to methods well known in the art. As indicated above, a
25  wide variety of labels may be used, with the choice of label depending on the sensitivity
required, the ease of conjugation with the compound, stability requirements, available
instrumentation, and disposal provisions.
[163] Non-radioactive labels are often attached by indirect means. The
molecules can also be conjugated directly to signal generating compounds, e.g., by
30  conjugation with an enzyme or fluorescent compound. A variety of enzymes and fluorescent
compounds can be used with the methods of the present invention and are well-known to
those of skill in the art (for a review of various labeling or signal producing systems which

may be used, see, e.g., U.S. Patent No. 4,391,904).
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specifically binds to one topol ogy of a chenokine recpetor. The anount of
i mmuunogen bound to the antibody is inversely proportional to the

concent r aWD®a/04f420 nunogen present in the sanple. In a p&cwiusat/zssby
preferred enbodi nent, the antibody is imobilized on a solid 25 substrate.

e e e en HBAR Miso® o oA B, e L OPEREAE MABALARuE HInEEH, DOV MY

be determ ned e asuri nount o ect protein present in

a chempkisnfr ek@6FR! WheR it Rbel/iantidiadive bl meany for détbetionahdludd y, by
measuring the amount of remaining unconplexed pr i anount of

. Th
chenpksoilletier pewyierraphaio strpbicciBrsyy abtpaﬂil%ﬁfﬁdiya%ﬁ%g élil%lag% Hefroki ne
recept fllor lex?tg#ﬂ)eg;rit %%y[b%%lec{eﬁ}w&‘ﬁ?g@f@%. AfdrddiBohe WRGLthE hptfoftiaAdi ng format

can be use 0SS+ Treactiv rmnations. For exanple, the protein
encpdedatyerighiteoSleght and éstectargctht bdltinp dlueiascanae Bbe finvmsbicntemay b a sol i d

e’ or dateited Gruds By means ok RhoEp ey by s i terRS AR PBr 58 X he. 43 v
03/ 047 . i t i whi ch
@l%a\?\%ef ﬁ?ﬁg%?%g?ﬁgi‘%%ﬂ?ﬁggﬂoﬂﬁh{ﬁﬁﬁs‘)ﬁn@%e ﬁk@ ﬁﬂﬂ%ﬁy, éhzyeti@mdaly Whi c

conpet e antisera to the imobilized antigen. The
abi | i t ymapbe tittectad by propriding itresappoopeiotepabsraigstibr thsenpymel prydadetingéhe ant i sera

to the i bilized protein i.s conpared to.that of the pr L ded by
any of "PHENS LEGHYH .gugeg“g%l%es&nﬂglpglloam laRes Biayibedle %g%ﬁﬁgg%tw ty for
they ab@%‘%rv!?ﬁ;%&@ icBRr hSsos LU At 86 1abz]. UBkRginStaiddadipsted audya} dopnsatelhose
antisera with |l ess than 10% cross-reactivity with each of the proteins

| i st edgelboften apreasaiislstvdleavrdiopoeinieeatetiheads appsar tBaselongt BAaPFHbdi es are

optionally renov rgmthe | i ';grqfn I i 4} the
consi dered prot @?’ﬁL g%m&a,ssaggés#nga%t%y c)rt 3?‘2“?*8? %%m é%%%%ﬁé’bﬁéﬁ“é 'eﬁbs [ 161]
The pafdsiagd, agelhfRglonkse tacbatyed t@iacn thisgdsdnoe biitheasgayeantibodied. Ia
critical aspect of the invention, | ong as i.t does. not siaggneittfi cantly

: / as
i nt er f Biiscags, @Atigenecontrepartieles HE AagIAERaied byeammlies gweRFistnedbe | he assay. The
deject 0 | flonBAYIBGH B bedehasd ARl 8o PRYSE B RN
ch{eéraﬁ c%ﬁlb(ég%%e?{)t)}/&a@gg%’ gg%ee@féﬁdﬂoa er %ave been wel | -glglk\)&el c():ped in 15
the fi ekgtt afitibodyindassay by sinthle visuajéspedlon. nost | abel s useful in such
nmet hods can be applied to the present invention. Thus, a |label is any
conposition detectable by spectroscopic, photochem cal, biochem cal,

| munogheni cal , NESHADSVF INOLAIINGPCEENSWATH KEBINDING AGENT! abel s in

the present invention I nclude magnetic beads (e. &r nabeads(err)),
fl uorescent dyes[166k. ggentk thet spsdisially bindithapertintar &opotasyad ackemokingdani ne,

o0l L kLR P A R R G AR Y
g 3 leg r IecE:Ibng) aggls_ ESAxanél 160000y le¥BbPOpElatiaikedSusUE belRShat@ixpesdiapartollar or
topology can be detected in a sample. Alternatively, cells that express the particular topology
can be isolated from a sample using the agent to bind to and purify cells expressing the
topology from the sample. Exemplary methods of isolating cells include affinity
25  chromatography and the use of cell cytometry and fluorescence activated cell sorter (FACS).
[167] In addition, detection and isolation of cells displaying a particular
topology can be achieved by using topology-specific chemokine ligands which are either
labeled (by fluorescence tags, radioactivity or other standard protein labeling methods) and
used in cell sorting. Alternatively, the chemokine ligands may be attached to solid-phase
30 (glass, plastic, latex bead, or magnetic bead) substrates as ‘capture’ agents. Such solid-phase
capture methods are widely known as ‘panning’ technologies and can be used to isolate,

purify and further concentrate cells expressing a specific topological form of a chemokine

receptor of interest in diseased or normal cells.
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or plastic (e.g., polystyrene, polypropylene, latex, etc.) beads. [162] The
| abel naybe coupled directly or indirectly to the desired conponent of the
assay accwpdBfgrse® net hods well known in the art. As indi earasoasssye, a 25
wide variety of |abels may be used mﬁth t he choice of |abel depending on
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may be used, see[169] gThe iﬂv&lud?qtrewtdes\hnssam@ﬁ;ﬂo,sﬁmy foravse WOs @181/ 11454 20

PCT/ US02/ 3855 [‘11164.5. Means glf tecting | abels are weIIf kE vvnlSto t hose of
ski || P3Feyshauchqompepitjens ¢aginelyderiprexampls. a speriliq topalogy of 3 chemelgng i ve

| abel , rd0BRBS ( £rasiRit@Chicen, haabrde ﬁ%ctlo?ﬁ'omlb&éoﬁ{e's‘éfbecé)gmB%Bcdkr ernog ogr aphi c
filmas in autoradi ography. Where the label is a fluoféscent |abel, it may
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pr oduc I tly by 10
obser vfmcrgﬁ@ cﬁc{) Iagélggljé’gglg?da egm?fé%?%fl %ﬁgﬁ%hge ﬁ%g&lﬁ% @%aﬂ é&%l pstick
assaysseqoameslgat qﬂacﬁg@]llydbmﬂtaqmrmm&amsologyﬁfa ohhmloemaempu& conj ugat ed beads
appear the color of the bead. [16 Sone assay _for matcilﬁdo not require the

us® of |abel ed cHrifbnegeys ﬂ]rabweqfwﬂlzah@é to 3 RICIRSYI P BRMREESYECERYR B used
to detgel pi iRl dﬂ@@ﬁ?ﬂﬂ@@ss@& ch ﬁoélﬁ{nQSEtFo@@;(é g'a‘?lserntlbﬂdy {ht SHeE RSy binds
antigen-coated particles”are agglutinated by sanples conpri si ng the target
15 antiommblmwlarltnpdlbg}soﬂmhmmkmmeepwr ctahbe umnnpblrluend gn peelid suppbsg. Mmbel ed

dth f the t ant tected b | |
S pectIBHS! PR T U Res LoVt R s N ACERPL o] 160
Agent spatlﬂ&nalscﬂl%ﬁfokine 2ddeptoR Itc%lctgy &f BB &gﬁéglsﬁg 10 REYSAEBY . qfor@x&hﬂmlﬁb ne 20

receptor can be used to isolate, identi detect Cell popul ations that
calry sdhiglisuppert pasulicanetnt plas, ouppti- “Fecblrpletﬁarrml@oarr@ukocyte subpopul ati ons or

tumor cells that [l%f]or Sesln%erﬂ%rnt&{lscoupr%‘rfldes kits for carrying out the assays of the

invention. The kits typically include an agent (e.g., an antibody or other small molecule) that
specifically binds to one topology of a chemokine receptor and a label for detecting the
presence of the agent. The kits may include one or more chemokine receptor polypeptides.
25  Kits can include any of the compositions noted above, and optionally further include
additional components such as instructions to practice a high-throughput method of assaying
for an effect on activity or function of chemokine receptors, one or more containers or
compartments (e.g., to hold the probe, labels, or the like), a control modulator of the function
or activity of chemokine receptors, a robotic armature for mixing kit components or the like.
30 [172] In some embodiments, the kits comprise components for detecting
whether CXCR4 in a tissue sample binds to I-TAC. In some embodiments, the kits comprise,
e.g., a labeled or tagged SDF-1 and cold competitor I-TAC or alternatively, a labeled or
tagged I-TAC and cold competitor SDF-1. The labeled or tagged chemokine can be labeled

or tagged in any way known to those of skil in the art. In some embodiments, the labeled
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specifically bind to a topol og¥ of a chenpki neé&e@%{g}gﬁ{r can tal so be

i ncl udwdnads froTe cxising coBRYEISt FOhSXARIF: IAERHF & FRRGAORAt

speci fi cal i G A hooy (dmos TRERK] or can be
i mmbilﬁolp?éllg %’ﬁwg‘qggxoﬁgatégdulgg%ﬂsgélaﬁ%%gﬁng of 'ghgrsle_oenbodl Ir;]et}?tpgl%ﬁ?%e agent is
used tsmtidatoas be ised tohmnpfoepaalis samplabgedE webinierotifea platesid a¢t UPHEHBRI ne

recept or top_oluggy or cel.ls ex}pressi ng that topology. For exanple, the 20
sal0i d rerAdlshpimutigReqys DIRANG 3885t e, nuiti-wel | plate or nicroarray.

[175] 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
image on a computer. A variety of commercially available peripheral equipment and

25  software is available for digitizing, storing and analyzing a digitized video or digitized optical
image, e.g., using PC (Intel x86 or Pentium chip-compatible DOS®, 052° WINDOWS®,
WINDOWS NT®, WINDOWS95%, WINDOWS98®, or WINDOWS2000® based computers),
MACINTOSH®, or UNIX® based (e.g., SUN® work station) computers.

[176] One conventional system carries light from the specimen field to a

30 cooled charge-coupled device (CCD) camera, in common use in the art. A CCD camera
includes an array of picture elements (pixels). The light from the specimen is imaged on the
CCD. Particular pixels corresponding to regions of the specimen (e.g., individual
hybridization sites on an array of biological polymers) are sampled to obtain light intensity

readings for each position. Multiple pixels are processed in parallel to increase speed. The
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[171] The invention also provides kits for carrying out the assays of the
invention. The kits typically include an agent (e.g., an antibody or other
smal | nolwowB®y74ehat specifically binds to one topol ogy @®@CTaSohsssski ne
receptor and a | abel for detecting the presence of the agent. The kits may
i nclude one o

for d _ _ e kits
T e e e e

addi t i ngkseArRAAANtsldmicksesit fehiiiggdsi ons to practice a hi gh-throughput
nmet hod of assaying for an effect on activity or function of chenokine

receptors, one or nore containers or conpartnents (e.g., to hold the
probe, | abels, or the like), a control nodul ator of the function or

acti vi of i p ?m@ i TION9 Kit
corrpon{e]%{'s Wﬁ@g %@%H n S%%E‘lﬁ%%%%}ﬁ%l?lgﬁlhe ki$s conpri se
corponents for d@7&Lt Meguladredhe parGX@miopelogy of & shrmaldnpliaselp@se-t o | - TAC.

In sone enbodi nents, the kits conprjse .g., a labeled.or -tagged SDF-1
and co?ﬁa%ﬁ%%?ri 358’915755 ?%’d’%?‘ﬁ’élmsﬁ?@f%@? §1§ W%ﬁgﬁl %H%Jec'lti g’éged | - TAC and
col d CRIREIIi&PST cBBfrokine ThEpta REnaEn O a0 dedizhiatish febcay dfehd wheked or
tagged in any way known to those of skil in the art. In some enbodi nents,

t he | abeimadlyascdfor 08rcgagiag e reainlaisoenaresd inte REimals fentre willithe LsWeted or

t agged, w t iotin arn a fluor rk I I i ' ition,
t e i b it P indued BT REN i HERE g, BbELPR plofeloin B6 chfle S 1 O
defect 1 18 hdministdG paFiienldi dospositio Sgaritaldrabitetche oftpppoyvideatmosal t buf fers
and ot her reagents to performa conpetitive binding assay, e.g., on intact

cel | s oamedipte apd moraptectivegeastips fyeaethg U described in, e.g., the

exanpl es bel ow. 0 ! - L hiSEmAy $8hbfse sSUpport or
receptacle for lggﬁr ?ﬁ%&z %@%ﬁ?ﬁ%ﬂ@@%ﬁnﬁﬁﬁg% glj , aypl a e.sef ormat for
react i phamacsnaillybdceeprable cagient Phiratcaticalbuariceptsblocanieroaeatdedpingd o

readers)._ In sone aspects,,, the kits.co ise instructions for using the
kits, Bagby therpam?é‘?%t)%a%m% E?IH% a&fﬁk}’éﬁﬁﬁr}%ﬁ? ielas) Y%ﬁﬁp?l??\?‘élﬁ‘i 1?18%0% S0

pr g§’ ' dﬁs?ed'ta%&ﬁfn?sttaﬂlhé R it A&oﬁcﬂnél?,ﬁﬁé&ﬁh@bﬁvidé@ar&@;ﬁ eegiiagleof potenti al
modul ators for an effect on the activity or function of the chenokine

r ecept furswlaTioes sfstaemscenyipilcatnipysition afdles presesib ovientien trae &% Rawiiegior sansfers
fluid yom a SouLce to ﬁﬁgegfi%@ﬁl on, a controller which controls the

r obot i € HIMASEHHIIE" P4 Kire ", a data storage unit which records

| abel detection, ‘1@911 The ADIAMLGFS (B ERhisEUE ANRFoRIsE) 6f O ickpessichi @h
conprising a well having a reaction m xture or a substrate conprising a

fixed asbitiof thelhemekmedpcaptaipslaneratn enmbipatianwith othey systagleASEIPORTI - obot i ¢
flyid transfer .syst [ 1.l abl 3} i Ly - xi sting
co‘?‘ﬁ)o neft M (?rln%éx%ar?;%gl%(laﬁ)r%u%%g% 'e)(%le(y %%rgkn r%%%‘gtt?gﬁ g&qﬁ%%él{?ﬂ%n MA)
aut omairddiatioR oA etesoInforaulMicisdaalbe 2RO nkiapiekdunizpd ReneptabN\ropxllaetss suaky

as dichlorodifluoromethane, propane, nitrogen, and the like.

[180] Formulations suitable for administration include aqueous and non-
aqueous solutions, isotonic sterile solutions, which can contain antioxidants, buffers,

25  bacteriostats, and solutes that render the formulation isotonic, and aqueous and non-aqueous
sterile suspensions that can include suspending agents, solubilizers, thickening agents,
stabilizers, and preservatives. In the practice of this invention, compositions can be
administered, for example, orally, nasally, topically, intravenously, intraperitoneally, or
intrathecally. The formulations of compounds can be presented in unit-dose or multi-dose

30 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 a of prepared food or drug.
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station can be used to transfer parallel sanples to 96 well mcrotiter
plates to set up several 20 parallel sinultaneous binding assays. [175]
Opti cal iwagassMeewed (and, optionally, recorded) by a cameraser/3sssher
recordi ng device (e.g., a photodi ode and data storage device) are

i tizing the IRMLEEERERpit el Shal ot AOR e O orputer

digitizing the ring yzZing the inmage on a conputer. A
vari ghyedforcOpmRIMe safflcienaundifabh bemsicia hespahscan thepubject eyl tins. ldft ware is

avai l abl e for digit ng, storing and anal yzi digitize '

G et ol ot e 11 e ReSk e s o

chi p-gonpat.L.bl e r P& iPMB/iNT Ghid dieVOINDEWSI5(r ),
WNDCB&E@ ??ﬁcwgmm%é&%f%{ﬁysed c{)glr?{)’l?%lgls), .1 CI(aNqI'OlSe_H(r), or (UN? X(r)
bassedpdtRng on 2Pd¥ible comblnasibatiitimtheraimpgs; sxdon (e pejeritnef ¢BHYeWel onal system

carries light fromthe speci field.to 30 _cool e rge- d device
( CCD) diseaser Ahe Fige ebhEAST Al %ﬁ%%@etﬁ?’?me%g% eéﬁ%@?%lqlaﬁﬂg’laggggggﬁéf:r ray of

bl ctUuLg, SLAIBU A LBEKShR hooofifnk et kaubhieotpeiintar icjaurged on the

I I prxel's corresponding to regions of the specinen (e.g.,
i ndi vighted in apaliduttirzaltjedn sites on an array of biological polyners) are

sanpled to obtain |light intensi.t r eadi n f tdhon. Multiple
pi xel s are procés dgl éptmg@gé@y?fgecﬁxggrgagrg ogéhee:xﬁfc}ﬁh[lﬁt?g;?ﬁ% 03/ 047420

PeT Ugal38aed a BDRShRHAS camdatariBedEn©platheldval efiticanodirlatog astdwatersed f or
vi ewi ng any sam?l e, e b f

t echniooyisty, add the pmﬁu?rs&ﬁ&/ml@pﬁlﬁgg m&%&%&%&? %“%Sﬁ%c}@ ic’fi 77]

ot agoiturests RaBaipllty el PRhERG B s RufaguRAC, 1 oornt o i an

iy st 1§ o ey ol ot 1 0t il NG 2
nodul fatvtanticlmnq;ﬂmnﬂﬂn‘{inits@%/ﬂ&ll at iaﬁ&tﬁéle%‘ﬁ%r%&étby\xﬁ?nﬁbf%eoﬁﬁ% wguka Prs %@d[#%ea? ed and
Icz%wel ]df%?%\é\% (?%?tbetrgg@u?at&f %t%hbjus ddhchhEaRht, -as Apf1RAUE dMES dnlarealle route

b& mnrster a particular conposition, a particular route
can ohbgth eriaykefed Aimnistrativadianabe aconptished v siveld welivide¢ €95k t han
anot her route. [1781 The pharnmaceutical conpositions of the invention may

conprise a har maceut | cal g I Mgk iR }

accepiVdbl.e QIETEPJIIQI\%E’E S?@%Wﬁ&ﬁ@t"?ﬁ&p’iﬁ? At%\f/]") méh%ggtg?%gﬂa?f%%ﬁlgsi tion
bei ng admi ni st erjggly] ahepRdskniEfivintiohpeoviasstbrukbtwdset duetting aspedtic o

adm ni ster the conposition. Accordingly, there_ is a wde variet: d f

sui t aémlogyoofadtetrioling refepishii ARRERE] teC&%ﬁB&oﬁF grge Bgellt%@ag?l\és Ent

Ilgég? ;;I'rgcgin(asree %’ell‘:fmgm .au'?c‘le {Hcﬂﬂitef)&gf ﬂomém&%”tw% IS cHifsyy, &dtsh ed.

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.,
in one topology but not a second topology). The antibody can either be fluorescently labeled
(direct method of staining), or if it is not Jabeled, a second antibody that reacts with the first
25  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 suspension is passed by a laser that excites the fluorochrome
labeled antibody now binding to the cells and acquires this data. Cells that are found to be
bright (i.e. react with the fluorescently labeled antibody) express the protein of interest; cells
30 that are dull (i.e. do not react with the fluorescently labeled antibody) do not express the
protein of interest.
[185] The present invention provides for methods of diagnosing which

topology of a given chemokine receptor is involved in causing human diseases including, but
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[179] The nodul ators (e.g., agonists or antagonists) of the expression or
activity of the chenokine receptors, alone or in conbination with other

sui t abl e worponmad s, 20 can be nade into aerosol formnmul aPConsot/s8565, they
can be "nebulized") to be adm nistered via inhalation. Aerosol formulations

can be placed into_ pr j zed I 8 i as

di chi GPbRPFd s Shesh g Rts é-%aRﬁe%&%%?%’g?ﬁ?mﬁ‘%%‘%eﬁé&ﬁlﬁ?ﬁ?ifgo&m

For mulgabt1essms Uetiadhia ahé Buddn's hinsphoatdspas welthudieumefosbutrigindni le aqueous
solutions, isotonic sterile solutions, whi (ipqcag) conltﬂaiqln%?nti 0 alEc,gant S,

buf f esgeross, pradine pilogef reectionBgPIRFSsBAIIM % SRTERBH B M8t on

| SO Oy A AGHEONS HIM A8 UBRHS psdri R, HpeAUSBRATHINS WhlRis athar | ncl ude

suspendi ng agen ubi 't zers, I ckeni ng agents, stabiLizers, and
pr gserdisatdeyemd diseastsadascdtetliherimf Farteash pfithese disgasese tepérgnosidi®ycan be

dm ni st d, faq |l e, I ly,.topi YN ly,
ot s enakgn SEme speiniciRpioll of R Pt pEre R P lokLinsPNEE DTS Y e
Pr esent 6 ibfl iy 4 RRPoPLeaBil L nflontndinsRaliachamai ppomerguLbies anpoul es

and v ol ut’i ons and suspensions can be prepared, fromsterile powders,
gr anulneshodard detebiieg molsculeh eottdiningspesifio oritapesie A6 prayided beprdn, i3didiBEor s can

al so he _adm ni stered as rt 0 repar ds 7420
pCT/ UdbdesBeBsies aama Tbsd PR BRPC T et AR VR 0 o
thg Prag&nk of RMEMLPR Sheel o defnsiddi-ereanikitareadpi@ahomchenkdmtibbdies pesponse
in the subject over tinme. The optinmal dose, | evel for an%ﬁcg tient. wil|l

dependhemokinesirFatexawple; acoreslls pa bridiertedia amplaRy SRSP delpdme i ¢
nodul gt o Q h ) i ght, physical activity, and diet of
t he 5%%{3?431@,mﬁﬁlg’%yté%@sﬁ”ﬁgﬁ‘%cﬁ%lﬁti on with other drugs, and on the
severity of a pg18écuharditidhsdtferenceklie lighrkbiofinghetvehes eheheloneaiacepipe
determ ned by the existence, n re, and ext e(ﬂ% ft ta§¥9 adver.se

ot patrt

t
si de- éppalegiss eande Cb?é%@p%ﬁifu?}hiif'fg%?ﬁ @nbgls ot° RIS %onpou nd or
vegst Orsp%ggggrcg)?%ot Cg!igﬁéldg g@éa gﬁfude El%ﬁt?a]dgl-&cgﬁir@dﬁhﬂbﬁﬁeé hewel feghdlve anmount

of "t he t mni stered a physician may evaluate circul ating
pl asmamblemgtswith spdeificitydiot apaticulanpblegpr Wheoxa disegse S@msﬁﬁﬁécﬁFeéde&i on of

S 17 opasibGecl (g Rgeupns TRy SeRao S e sile Fopr
adm ni &E{ngié A desCRBEPI B8, the SpRldy JTTRIERY e srefbd bh Brqastieasdr ceilnvent i on can

be admnisStéred at a rate determned by the LD-50 of the _nodul ator, and the
15 si dpeafitabytlinds totthe clmmankize lsFAG: ThartonrniesycefifedrRfdr Hodsutwedapplied to

05, e i Bl BB Ui
TOPOLCA EQi A NRARARNHS tHdprédefersiicancer cells. In an exemplary method, a tissue
biopsy is provided and it is determined whether the tissue contains cells comprising a
topology of CXCR4 that binds I-TAC. The presence of a topology of CXCR4 that binds I-
TAC indicates the presence of cancer cells. Detection of cancer cells by detecting I-TAC is
25  useful, e.g., for diagnosis as well as in evaluating tissue either pre- or post-therapies
(including chemotherapy) after diagnosis of cancer. The cancer cells can include, e.g., breast

cancer cells, ovarian carcinomas, cervical carcinomas, Burkitt's lymphomas, glioblastomas,

ete.
[187] Specific binding of a chemokine to a particular chemokine receptor can

30  be detected according to any method known to those of skill in the art. In an exemplary
method, chemokine binding is detected in a competition experiment with a known chemokine
receptor ligand. For example, to determine whether I-TAC binding is due to an interaction
with CXCR4, it can be determined whether I-TAC binding can be competed with a known
CXCR4 ligand such as SDF-1.
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[ 1841 The present invention provides for nmethods of detecting a specific
t opol ogy of a chenokine receptor in a sanple. Detection nethods using
agent s t O obiosd2@ 20 protein are well known and i ncl udepCe/us02/3455DwW
cytonmetry. Using flow cytonetry, cells expressing a specific antigen of

interest within 1 xed ulation of cells .can be j.dentified Briefly,
cells are perm tﬁ@é}] t(gh"i“g(g@ e%ﬂf‘%ﬁ“ﬁ%&?ﬁ‘&ﬂ{ﬁ@ﬁé@ ?Sélefs%l}lplte%{ee'%’r ot ei nyof
inter %B%§i€s% gr gan B OMBickQPARAY iR i tisdeln fins@ONitoR0ME)led dHemoatie body

can eith uorescently | abeled (direct nmethod of staining), or if it
i s notinlagbmg)ed, a second anti body that reacts with the first 25 can be

fluorescently t ed Lindirect t hod [l . ) : passed
t hrough an inst gﬁe n(f)ngeﬁ[g? ¢ %Orl%%? géag?pQ{)rﬁéﬁcﬁPg%g%é%lg%? ‘Jélﬁlgeﬁ%??a%ég?ﬁes are
aspi r afs @HarabgriFRAARIHgHsBuPsapipled, the cheibkiseisqeepdi wpoloByican beldbtesminpkimsi on i s
passed by a | aser that excites the fluorqchrone . |abel ed antibody now

bi ndi ndjagrestiteaneed EommpatientguPudisdiffaiescegar shenelfingreceRipr POy ilFY g be

bright, (i...e. .reagt wt.h. l.ed: ] the
or ot o1 WA eE Bbublip Soaphd QLS S Bl | PRE BRGNP URER! |12
f | uor eskeditfeyentigbid @dsiapf dizedky and ounett chxipalesauy theougbrobembkinefeceptber est .
[ 1851 The present invention_ provides far neth ds of di%%Eosing ich

t opol olgpolesy shagecierizatine REWIGHS erovelsletictips mefhipg) hatds PO HaiG ¢ SrHEHR S
digeasgsnb Bﬁéc%‘nﬂb ngIOEHJ)SiS @9 ML OBLOAL4A0 REdialddQitd3&R55 not limted to
cancer, 1ncluding, e’g., breast cancer, ovarian cancer, cervical cancer,
gliobl astoma, |eukem a and Burkitt's |ynphomas, as well as rheumatoid
arthritis, mltipl erosis, cardiac allograft rejection,
athero@@lerosis}ggé@ﬂﬁé$ gl onerul onephritis, contact dermatitis,

i nfl anmat ory bowgbopi SR&58kinS RlcktbStopHlogich Al dstighiRBed, Uslepnlid, M teinis as wel |
as other 5 disorders and di seases described herein. For each of these

di seasefantibhéy-tindipgpbiesotypss. Anibodpdinging henetynesindicats thydhsre pre shefsdl ogy of

t chenpki.ne receptor(s), involyed h i

sgli%ect ?ﬁmﬂ‘ﬂ)‘f?oeﬂt% 1° t%P%IB%lc??g t\ﬁﬁs“? ;‘Hrrll?ffcﬁgt\?v%gﬁ%?réhtef gﬂto‘g’%% egl?l ﬂ]EL‘lr%n;[:(%)%ods of
det ect hflcired t@?&bgﬁ SiABE difRiény teppRsidsiof tepiatephsmokisie peaptod davdidemical
including in the exanples, normal and diseased cells and tissues .can be
di st i nejuinetastl ssausages, HniVe ERitenes anecrrepied tordigmgpish differenfitopologies, (AR of

defined.anti-ch j r : I | @Iqq][fg nes. For

exanpl %p,l% g%%é%faggﬁlé}efgéﬁgégaﬁgg g@?ﬁ g(gh?%ﬁgwglgiﬁgpgg%?g%g?it%?cal |y detecting

t he CX&ibpt apadpegyed apuihdlogMEduding eblls e.g[ thfr ckls. dddheseansesdhé slerahces i n

| i gand hi ndi ng between_ chenoki ne recep&or. % ol ogi es can be detected and

s demitopes ndiyiluglregentor topelgay agt %’élﬁﬁé gfkﬂg%@iemj"%e PEPRIPa &% i ¢

t opol o i i | t i - khfigstRSnel | as
Q%Bﬁo'dhaﬁggémfg[ﬁﬁués %@'&agﬁe[g?, 3508 12 meERUHbbINBR-ARE BRAMES tHRSn

smal | ecu W Icity for a particul ar topol ogﬁ/. c¥§here a
arc

13

di seasextsicalldan donsess o iletreckpidrt nd evaluating binding of appropriate “s

antibodies to those peptides. Fine detail epitope mapping on an individual antibody-binding

peptide can be achieved by producing a family of related peptides varying one amino acid

25  position each time. Once shared epitopes were identified, a recombinant form of the receptor
is engineered to eliminate those shared epitopes. This can be achieved, e.g., by point
mutagenesis of the cDNA encoding same receptor at the site of the shared epitope or other
methods of mutating or altering the receptor. The mutated cDNA, or encoded polypeptide,
which only contains the unique epitopes of one topology (e.g., a pathology-associated

30  topology), is then utilized as an immunogen to prophylactically or therapeutically vaccinate
individuals against the receptor topology expressed on pathology-causing cells, e.g. tumor
cells. For example, in some embodiments, antigens containing unique epitopes of the
CXCRA4 topology found in MCF-7 cells are used to induce an immune response against

cancer cells, e.g., breast cancer cells, cervical carcinomas, cervical carcinomas, Burkitt's
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a specific cell type, detection of the cell type results in detection of
the di sease state. For exanple, as described herein, the topol ogy of CXCR4
expressedwonsfsmast cancer cells specifically binds to tReTaisenssisshe

| - TAC. The topology of CXCR4 in IL-2 cultured 20 | ynphocytes and T cel

lines_do not bind to |-TAC, Thereforge, .the abilif. I ind I- TAC
via CRERRhImAs %%‘ﬁg%“‘?lﬂaeg Oﬁrog?éﬁ%eﬁ?elgaﬁ%@m%gﬂ)g&%ﬁﬁ s’at(rfil%éljg(%%% 8$y net hod, a
ti SSugieRil @PIVA {sexpr¥dddRrd saidhlé Eell §pelel @hATHICA il eell type, by ssue cont ai ns
cells conprising a topology of CXCR4 that binds |I-TAC.. The presence of a

t opol tgysfedtic@Xd@RAhatvatl. BieHslexpressnathe nuitated daNMreuldhecdmpipissreddcer cel | s.
Det ecti on of. cancer, cells.hy detecti | - } , for
di agngﬁ?é}yé’g el m%}g&fl% h%\lfﬁ%’{cﬁgpi(ﬁ'g"tlllﬁgasd Srerﬂ_@%]%g?tg%rog-§’q]£)1{rf£%%§%lgf’her api es

(i 5l gei-paricheahd eleams). Afiémitivlpgepsdes cohtamanreriquelkipitoperiagiackeld s can
i nclude, "e.g., breast <cancer_cells, ovarian carci no?ﬁaﬁ .ceryi cal
C.

car ci 15barad epimer icold decompgaterhis, cagisrs BRdutedpayaceings . I pddim. Eeci £ ¢

bi ndi ng,.of enpki j i oe

et ecto el faRTRe e (iR thok pEREMRRRIOLPORP maRL dthibe |
exenplcas Ye in¥ettbdihto Cdvestd kindeseliifowdgeng thesamiet ected in a conpetition
experinment with a known chenokine receptor |i nd, For ex le, to

de!tO ermi ne whet hdl19}l- TROuEOgeNsARRY ke mblgg{)%mn]xggggtgcvtapggﬁs S%@%S&%M, it

cap b ' lip TGP sl pREisadjeiables aaskigitn  CXCR4
|?§an§>ﬂ§eﬁ%§ﬁ§§@@%§?§1§%%“&/ 5 L G0, (R R (1881 ShooKi ne

bi ndi rglutians becreltiensiTine polypeptiles o§ thednvemtiph sy (be ngixed Biihpsi es) or can be

noni otored directly in tissue in.situ (e.q, ' i al 1 ed
cheno ﬁ‘_énaqeﬂté‘ifiﬁﬁ(g%é?ep[tﬁ@%fm@’r%és Wilé‘%_caﬁ% EP%%’I?@_?&Q% o‘?"%“’g’g ogy associ at ed
Wi th 015688 a$ iiile WatbS saihe] @R0ES, 28fbetts) dliginbl, 964 eorabimpli@s;, therber.
chenoki ne receptor topology can be determ ned in diagnostjc sanples from

pat i efithe.vaStint mayfftushes sortein avx disey@ibsisacesssehtow otting o eFy SHEPSEEEHS be

utiliz a di stinquishi char ri st Lnot he clinical

dilagnd’g'fj E‘?%?m{gr?ﬁenﬁi (greag%ué’?nntgﬁ‘é&&? % @re eeg %tgiegéisggﬁ%ﬁagblgf é'di sease and

current clini calpetjptEnipMsafghicicimehise apente pichrde ahopiabmdyydroxide,

characterization provi des a novel detection net }kl:]gid Hlllﬂft@ i S, .correll ative or
HBIuHat P

pr edi clumiaurophsisphdie ABUEEUREOGRSSIBRCYHEE @lupy, bg & SUEH T3P e di at ed

di seases. | YA IME? 90]_:,C 06 e CRRLAL HPRR R heSerddle

di sti nC§ |°§1h‘évé%eri\/1§tggre a |(£arr}’ (?l%]lr%qéf?{r%ggfngglcgﬁii bod;}l- b{i?’ngt:l% ph%notypes.

Ant i baghooixtig lipEl ¥henghstpesriimdiaratne (Riopionobestesiuar asnshHaPerietells and uni que

te gl();Oppeeitugsri]s,tp% y?ilbggtllcﬁgoti%];s,tsgcﬁursnaa gingt%,c lggct)l?l{, l%ielcﬁhig:[ Xl;ll armi%p[{,tsg}poqﬁn,ar € unique

liposomes, levamisole, DEAE-dextran, blocked copolymers or other synthetic adjuvants.

Such adjuvants are available commercially from various sources, for example, Merck
Adjuvant 65 (Merck and Company, Inc., Rahway, N.J.) or Freund's Incomplete Adjuvant and
Complete Adjuvant (Difco Laboratories, Detroit, Michigan). Other suitable adjuvants are

25  Amphigen (oil-in-water), Alhydrogel (aluminum hydroxide), or a mixture of Amphigen and
Alhydrogel. Only aluminum is approved for human use.

[193] The proportion of immunogen and adjuvant can be varied over a broad
range so long as both are present in effective amounts. For example, aluminum hydroxide
can be present in an amount of about 0.5% of the vaccine mixture (A1,0; basis). On a per-

30  dose basis, the amount of the immunogen can range from about 5 pug to about 100 pg protein
per patient. A preferable range is from about 20 pg to about 40 pg per dose. A suitable dose

size is about 0.5 ml. Accordingly, a dose for intramuscular injection, for example, would
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particul ar topol ogy. Since different topol ogies of the same chenoki ne
receptor have identical amno acid sequences, unique epitopes are created
to distirgoiosh4ded f erent topol ogi es. Unique epitopes of &RCparsn/aasbar
topol ogy are exploited for clinical use in cases where the unique epitope

i s expressed on pat hol ogy- |nd cln cells gel,l s, In these cases,
the sitarpEs2ds &piospEEns Lo QRFLM FQIBB%F ’%@8/%%}9‘“5\"81 i dentified by
9

st and gro?(Pdet ope mappi ng, e by produci ng contiguous peptides (e.g.,

about nmer to about 18-ner) spanning the entire extracellular domain on

the receptor, arfto4valypatalpghbivadiney axt foapplrisdriv a@@am%ﬁmaéé@nceﬁtﬁ%t}%‘odl es to

t hose pepti des Fine detai] epitop ng.on. an vj. dual .
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B 18°°ﬁ?°6} %hi}?{ ggfeé@on%?%lgﬁttﬂ té?%ggﬁéél%e& ecep?tgtr is engineered to

el i m nak@plehioss os tanadbefédzomkied. Thophilizatioh pemuity longtkrmesterage B2 poi nt

mut agene5| s of the cDNA encodi ng sane receptor at the site of the shared

epi t opdabyizeddordB et hods of nutating or altering the receptor. The mutated

CDNA, or encodedy g yl@i%Wa'c&ﬁes m¥bE BRI Ner6@BY @hySoriveatisinl Ao dort thpes of

one topology (e.g., a pathol ogy-associated 30 topology), is then Litl lized

as an adminisiogen ctforapmmpshytladmg(ﬂaﬂl lapd parenigeal fpew HRSHIANGOUS HE EYiragScular

i ndi vi dual. s

cdll s 1n1§ct§on t al ns%e%‘} |erge{yech>e 1Is€r tglfgil 9% FXRL&ES ngldadﬂﬂrd?@}; Bl Qe sRRYST Ng

In sone e nt's, anti gens

cont a'}S’HrBS 0P RIBUETHE Rinh P8 Ser0df th@ﬁweﬁ%ﬁ%lﬂaem@inbg;edfvﬂtlmbprasprﬂM@es:@ﬂ s are
used t'o 1 nduce an immune response agai nst cancer, cells br east

cancercongolinds melruldlngwlthQWPMImS wh the targpigellaAlseytle W@H‘ﬁ%"ge@ﬁ?‘ﬁfi be3s 51 WO

03/ 047420 PCT/ US02/ 385 N
R e A o R

suitable cell typnee] q{@arcﬁasslﬂf/@vhﬁfhteﬁdst&Chseetﬂe intpperecdpjor pro@imgfrect i on into

that cell. Cells expressing the nytated cDNA coul d bﬁ ﬂgl stelre{gi in a
var et fjagstenigajhsre ?Tﬁ@P%ﬁnﬁ‘@nﬁwr?tﬁf%l% 9 SRIUBIANE a1 FIPAHECHEF 2 8B ut Eneous,

intra mja?en%rgir adn%nfsﬂaﬁ@g Shid & % Tutﬁﬁgust ﬁifechbﬂf xamPlds OF Bitdbwdajtrierperet i des

cont ai I'Ng uni que epitopes ing ~shared epitopes could be conjugated
t 0 carthk edtmmusnskoidelk diphthare taxes], sérmmadidininand latherey poikeiiids BBPEEes

encodi ng epitopes specific.for a rticul ar, topol o f

r ecept FmocygHn B@C"iuﬁ"s V@BO‘”&F{ e&f‘é@f%ﬂigogmaatﬁ% ]?lglfg%ugl e%?tﬁgrggggh&ﬁlm]

! m’runog%g& mﬁﬁuglﬂg%&QQnWersﬁl eeBerVb A funatidOAST sell clbh@mawamds in10 ot her
conmpoun Hs ar e wn in the art. Vaccines nay be prepared as injectables,

as2d i gidividueblhayingnsrodifierant gewerrsts- The pol ypeptides of the invention may be

m xed with phar upLgal] ccetab I pi - Haedd bl e
with the pol ypepﬁpzﬁs (i%m%é)ﬁf llil‘%ll(?l r@aﬁgﬂﬁlgl’g‘% flaéllgl}tggext rsose
gl ycer gk exhflagHarmadedtien pideabf @oshakiney @tifilose and magnesium carbonate.

These compositions take the form of solutions, suspensions, tablets, pills, capsules, sustained

release formulations or powders and contain 10-95% of the polypeptides of the invention.

25 [198] The peptides of this invention can be formulated for administration via
the nasal passages. Formulations suitable for nasal administration, wherein the carrier is a
solid, include a coarse powder having a particle size, for example, in the range of about 10 to
about 500 microns which is administered in the manner in which snuff is taken, i.e., by rapid
inhalation through the nasal passage from a container of the powder held close up to the nose.

30  Suitable formulations wherein the carrier is a liquid for administration as, for example, nasal
spray, nasal drops, or by aerosol administration by nebulizer, include aqueous or oily
solutions of the active ingredient. Various ways of such administration are known in the art.

The pharmaceutical formulation for nasal administration may be prepared as solutions in
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The vaccine may further contain auxiliary substances such as wetting or
emul si fying agents, 15 pH buffering agents, or adjuvants to enhance the
ef f ect i vewesg/0ef424¢ he vacci nes. [192] Exanpl es of such adj treantss2/asssagent s

i ncl ude al urri num hydr oxi de, al um num phosphate, al um num potassi um sul fate

gla: Ejr?%alygr ! umgqséggl,;éaiq%t? 8 Itﬁ%]SBlg%ﬁ? Brg’sergcﬁ%/egoems %Bﬁ‘érdn[fbtgfslto errul 3' ())(ﬂS

acteri ot oxin

Cor ynehgsice Hdé%%ﬂw rﬂt(o?éd%tﬂidmoﬁﬂ%r%”chdﬂ @bl&Bﬂl@ﬁ))g or Bispelmsired dgamz@mpwnt ussis,
pol yri bonucl eot i des, " 'sodi um al gl nate, |anolin, ¥sol ecithin, vi ta n A,

saponimthe ai. p'ﬂsmmﬁslosammlitsél admipsiEtieresan bgritom |/ de BP0 E&ﬁpﬁ‘le%@?}é r other
t het d 1y f
var ot Bes BrdpranBhddp 80 SR Al A bR Ry e,

Rahway, N.J ) or Freund's Inconpl ete Adjuvant and Conpl ete Adj uvant (Difco
Laboratories, Detroit, Mchigan). Oher suitable adjuvants are 25 Anphigen
(oil-in-water), Al hydrogel (alum H%oxi de), or a m xture of Anmphigen
and ﬂhédﬁogel Only alum numis approved for human use. [193] The

pr opo * i mmunogen and adj uvant can be varied over a broad range so
long as both ar §199]e @iy exampéd §teotsitha GXORA famsRobiferentadapplegicainuni num

hydr oxi de can be present in an anount of about 0.5% of the vaccine m xture
(A120@11$%F§F%9€115m a per 30 dose basis, the amount of the i munogen can
rapge fromabout 5 g to about 100 g protein per patient. A preferable
range is fromabout 20 g to about 40 g per dose. A suitable dose size is
about Materiuls amiC®letitidsgl y, a dose for intramuscul ar injection, for exanple,

woul d 52 WO 03/ 20, PCT/ US02/ ing 20 of
i munogen in ad&l"&ﬁ “ﬁf’itﬁa’ﬁfggsﬁ Isﬁll’ﬁ“ ”Pra it rlgt%l?%ﬂ f@gﬁ?ﬁ{:’yp?cal I 3 t he
vacci r&ﬁém@kfne@ REFOIpBERY ﬁ&nMD@y@teﬁlsf(Meap&ﬁQMﬁyaﬂRHiDroTBfChI(anyogen in

the range of fromO0.2 to 200 g/m. After fornulation, the vaccine my be 5
i ncor goNiaNgywhet ddicasdde! T IIea‘txedrrdt $DFdn wahatirchsset Hemm Pedindéiimenbifst ored at a

| ow tenperature, for exanple,4 or it may be freeze-dri q‘@ Lyophili zation
pasni t&:ldrmnsg-lmceﬂﬁw&tqmbé@baﬁdw aI-lab?IﬁéllﬁAz%H’% htained figs) g‘W‘Fé Bkci nes may be
adm ni_st er ed VG Al fryvacci nes
i ncl udi 6?%1%‘%‘3 (Faf lﬁlg SI(‘?1 ‘?emg? %Jl&{ é%llggjl?g ?egr%%untﬁ%%ﬁ%gggmgr 10

inj eCtdnﬁrhgafﬂf'Bmﬁfn‘g%bﬁ‘ipeﬁtlcﬁfﬁvmﬁdﬁﬁhiRt&lDfSyﬁtemB dlirnedpsls, YNV acitiGICRE  a

EQF: Eglémﬂﬂﬁég‘?%%ﬁﬁ1§[Sb?1ap447é§é1&6%@%71;%%%% Q%Lafd?fﬁn@%n:'t Ozf )
P topgs, s%{:oﬁ' &%8@1 ;t%  drt @BE&%?;I? et irfimbBotach, BOER

reconbi nant vacci ne for oral adninistration.
20  FL), was used to detect antibody binding by flow cytometry The following cell lines were

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) and HEK 293 (human embryonic kidney). CEM-NKr

25  (acute lymphoblastic leukemia; peripheral blood; T lymphoblast) cells were obtained from
the NIH 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°C in a humidified incubator at a 5% CO»/air mixture. Human peripheral
blood mononuclear cells (PBMC) were obtained from buffy coats of healthy donors (Stanford

30 Blood Center, Palo 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°Cin a
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[ 196] Regardl ess of whether one uses the intact receptor protein or 15
fragnments, there are conventional protocols for imunizing an ani mal such
as a hunmewo oBo#742par ent eral adm ni strati on, such as subcutramamox3$58§ ecti on,
exanpl es of suitable carriers are the tetanus toxoid, the diphtheria
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forrruP‘é?trYéﬁ’sd%;&‘npﬂg‘?&ﬁl%c%r%eﬁﬂvﬁenpl oyed excipients such as, for
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t abl etxmmipé Hesgloka peafilesf cheumiiterigand interegiien Vish FNGR4 oMM GF-738der s and
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carrier is a solid, 1nclude a _coarse powder havin .%i.cl & Si z€, for
ex anpReT:1676-16% (8A%s Doebouwl PibCHan 34t 2500 f COSRS AsliEk T & 4
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cl@seidigré@tibher MGE 7 o3 QESHNTahiels fasrindibattd, bys> 1WA distnet piidiedarrier is a
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aer os eheneeleines ig thaatilly t%QISH]@B‘EIITZ?Izréﬁilqubﬁ{?FlMZﬁGékig(gras btfdl?%??eds 8#8%i ons of Y
the agtive, i edi.ent ~.Vani ' . . N in the
ar't. - O ESiokaT a R R e B o S 2o D30 ), SR

Br epa{J?ﬂf;ﬁtﬁﬁﬁfﬂMSSQE\@(ZOOOﬁ.SBﬂQlQ,&ﬂﬁmMﬁﬁ cRETINISHRE 38FHBted geth eedls  enpl oyi ng
enzyl al cohol or other sujitable preservabiv absgf ptian - pronpters to
enhanédlasyeddwahe agdifipr gf rafiﬁol?@ﬂ?@zfﬁﬁlﬁﬁ]élﬁe lﬁc}/sgff-& Her Igb]:'ﬁép? {9 aE(’)r

di sper,sing..a : IO 1 PP r |4 HSE &%ds, 5 mM

adm n|45¢ #’g%ﬁegﬁﬂ%‘gﬁéﬁgm%%&;‘hﬁgzgd’% ﬁn%,pE%’Plé‘ber ably 73%1}40 %’ and nost

pr ef enaditly and 029, B&vin@sepdm albuinir, ddhgtezidio it 7.pE Whane indiméelg entt-64@R5

EXAMPLES Exanple 1: [199] Thjs. exanpl e shows that 4 forms different
t opol &gfilzasligsrpr igftyRecgoafpls vere &Cl‘{%d %@&h“éq%%g ACHDE L RJEES FRHT T KR agent s

and O?:lelllss\iverlgupr 0 i@ it U1 bRGHIRSREE antibody for 30 min at 4°C prior
to the addition of radiolabeled chemokine. Small molecules were included in some assays,

20  where indicated. In these assays the compound was added to the plate to the indicated
concentration followed by the addition of radiolabeled chemokine. All assays were then
incubated for 3 hrs at 4°C with gentle agitation. Following incubation in all binding assays,
reactions were aspirated onto PEI-treated GF/B glass filters (Packard) using a cell harvester
(Packard) and washed twice (25 mM HEPES, 500 mM NaCl, 1 mM CaCl,, 5 mM MgCl,,

25 adjusted to pH 7.1). Scintillant (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).

[202] Determination of 131 SDF-1 o Receptor Binding. Using the filtration
based assay described above, cells were pre-incubated with either 1) buffer alone, 2) excess
30 SDF-1B (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 '’ h I-TAC
were added to the binding reactions. All assays were then incubated, harvested and analyzed

as described above.
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chenoki nes were obtained fromR& Systens (M nneapolis, MN) and PeproTech
(Rocky Hill, NJ) where indicated. 125 |-1abeled SDF-1 a was purchased from
Per ki nEl m&o oBioim2d5 Sci ences, Inc. (Boston, MA) and 125 | PicahsozsBsss TAC was
obt ai ned from Anmersham Pharmaci a Bi ot ech (Bucki nghanshire, UK). Mnocl onal
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suppl ?(?{E ﬂ{é‘é‘gs %im&)@eﬁ B@sﬁ% a3éforl fvad tﬁé‘m\é@ééﬁb%%(}elﬁ@ﬂdﬁﬁﬁ/e@@ﬁﬁéﬂ

hum d i ncubator at a Clerr)/air mxture. After activation, the
cel | s Tierfitanmskecthemstained Iuswgé’dotocml Fema ssmpg@mﬁﬁmé&q&h@mwmb‘ﬁ/@mss and |

m_1L-2 ich | eni every cells were
v oo e At Ay Er S ISR R TSY ifhr f Rifon e DG AT RANY S © 0% S
exam nﬁct ﬂfelﬂheh@t{) Hﬁ&%bdo%e Qfithchxkisn Eellé @&%duﬁtedﬁ@ﬁtﬂem ofiiviely €EXCR4 on
MCF- 7 and Kr” cells. This technol ogy enpl oys expand

ef fici @nhjiltmaﬂam weptesenidhomegants figlined vgw e §agh ﬁltt‘?ré?ﬁt‘?ﬁldn piRjisteol s as
described previously (Kledal T N, et al. Science 277:1656-1659 (1997);
Dairaghi, et al. JBiol Chen 274:21569-74 (1999); CGosling, J. et al. J
Im’runokem 2851-6 (2000)). In these assays Di spl acelvax enpl oyed t he

si nul taneous 10 i nterrogation as | |cat ed, by

>1200 distinct pubA0P] eBeccahEspois h‘@@ liier‘iltlﬁﬁ@ C%%“l p§,prf‘~§§1<m % eﬁ?@
radi ol abeled S %0, J 54 On3P6d: 06 62 RD8);WRhBA, A., et al.. J Surg Oncol

69:239-48 (1998); Burger, et al. Blood 94:3658-67 (1999); Rempel, et al. Clin Cancer Res
6:102-11 (2000); Koshiba, T. et al. Clin Cancer Res 6:3530-5 (2000); Muller, A. et al.
Nature 410:50-6 (2001); Robledo, et al. J Biol Chem 276:45098-45105 (2001)) and in one

25  example link this expression with breast tumor cell metastasis (Muller, A. ez al. Nature
410:50-6 (2001)). To further investigate the role of chemokine receptors on tumor cells we
undertook to evaluate the expression of CXCR4 on several human breast tumor cell lines.
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

30 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 (Figure 1,a). All four anti-CXCR4
clones tested stained T cells. Surprisingly, while breast tumor cells are reported to express

CXCRA4, the widely used clone 12G5 did not detect any CXCR4 on the breast tumor cells.
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t he protocol described (Dairaghi, ETAL. JBi ol Chem 274:21569-74 (1999);
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as per acturer™s instructions. Briefly, chenokines were diluted
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[207] We have previously reported a set of techniques by which receptor

binding to a comprehensive array of chemokine ligands can be simultaneously assessed
(Dairaghi, et al. J Biol Chem 274:21569-74 (1999); Gosling, J. et al. J Immunol 164:2851-6

25 (2000)). In this fashion we probed the CXCR4 binding profile on CEM-NKr as compared to
MCE-7 cells. Greater than 90 chemokine elements were tested for the ability to displace the
signature chemokine, 1251 SDF-1q., for binding to CEM-NKr (Figure 2) or MCF-7 cells
(Figure 2). As expected, the potential high affinity competitors of I SDF-1a on CEM-NKr
include hSDF-1p and mSDF-1, while hSDF-1a and HHV8 vMIP-II exhibit potential

30  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
MCE-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
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were trameDasned2et 0 a new plate and the nedia in the i ns@eCTaSea3ss58noved.
Using a cotton swab the matrigel plug was renoved fromeach well. The
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CXCR3-mediated binding) or medium containing excess SDF-1p (~90nM; to inhibit
CXCR4-mediated binding). I-TAC competed with '*°I -TAC for binding to the MCF-7 cells
with an IC50 of 1nM (Figure 4, a) confirming that it is a high affinity ligand for this receptor

25  on these cells. Similarly, cells first pre-incubated with excess MIG were then still able to
give the same homologous I-TAC/ 1251 I-TAC binding curve again with an IC50 of 1nM
(Figure 4). However, when cells were first pre-treated with excess SDF-1p all BT 1-TAC
binding was inhibited (Figure 4) suggesting that the observed 125] I.TAC binding on breast
tumor cells is CXCR4-mediated. '*°I I-TAC binding to MCF-7 cells was not inhibited when

30 IP-10 was tested as the cold chemokine competitor. Again, pre-incubation with excess MIG
did not effect this binding profile; however pre-incubation of the cells with SDF-1§
completely inhibited 2°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 (data not shown). As
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oo LR o b onussts) O e ORI e TeAIE Rk LS |- TAC
vas t eghifigh; agd (g datInalsHng shéGRae, &g%ﬁ%@@kﬁﬁaﬁcﬂ&%ﬁg@)&a ashe  hi gh

affinity displacenent profile usin MCF-7 was identical to
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experinments with selected potential high affinity Iigands on CEM NKr and

MEL- 7 _scpsnssingigated dept slpar plearmasplpgie divesimanatian of thettre faes wengsaible wi th 1151
ot s P OGS s B RN DA b T SRS,
la for binding to MCF-7 with an IC50 of 46nM (Figure 5), however, this SMC does not
inhibit "°I SDF-1a. binding on CEM-NKc at all (Figure 5). By contrast, a different SMC
antagonist, CCX7923, inhibits I SDF-10 binding to CEM-NKr with an IC50 of 106nM
25  (Figure 5, b), but does not inhibit '*’I SDF-1a binding on MCF-7 cells (Figure 5, a). These
two compounds reveal the marked and unambiguous pattern of non-reciprocal binding
inhibition of ligands to the two forms of CXCR4 differentially expressed on breast tumor
lines vs. leukocytes. In conclusion, different cell types expressing identical protein sequences
can be pharmacologically distinct, permitting a protein in a disease state (i.e. CXCR4 on
30  breast tumor cells) to be distinguished from the same protein expressed on different CXCR4
bearing cells.
[212] After initially determining that breast cancer cells exhibit a topology of

CXCR4 which is distinct from the topology seen on other non-tumor or non-cancerous tissue
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probe for evidence of CXCR3 transcripts. Wile,
and myelopoiesis were observed. The fetal liver is the major site of hematopoiesis in the

mouse at day 11 and continues as such until the first post-natal week. To this end we decided
to examine the expression of the cancer-correlated topology of CXCR4 in this compartment.

25  We examined CXCR4 expression on wildtype mouse embryos at E17 (a point in
development close to the time the knockout animals die) and E13 (a point in development
distinct from the time the knockout animals die, yet after hematopoiesis begins). In SDF-1
binding assays radiolabeled human-SDF-1 binds to E13 fetal liver cells and both SDF and I-
TAC (mouse and human proteins) are able to compete with the radiolabeled tracer for

30  binding. This altered ligand specificity as exemplified by I-TAC binding to the SDF-1
receptor is a hallmark of the topology of CXCR4 we first correlated with cancer cells.
Furthermore, the pharmacological agents which interact with the cancer-associated topology
are able to compete with SDF-1 binding to the E13 topology of CXCR4, yet the lymphocyte

antagonists do not. As stated above, such pharmacologic distinction is another hallmark of
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cultured | ynphocytes expressed CXCR3; no other cell tested expressed CXCR3.
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a proteiln in a disease state (i.e. CXCR4 on 30 breast tunor cells) to be

d| sti rggmhmhg}dapmm (vell Slaath). Nr’hﬁmeﬁw-éx!pﬂ@b?éé@ sepplement dicsp eulkesREC bear i ng
I S 212],  After initial det er SRR exhibit a
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studi es were undertaken. These phenotyping studies (using antibody
r eact icvils $hat havgdem theoabilifyig upess? AROPEIRP- phar macol ogi ¢ di scrinination, see
met hods detail ed herein), have clearly shown that many cancer (or turmr)
cell types also exhibit the CXCR4 topology initially correlated with
breast tunor cells. The follow ng tunor cells were exam ned and exhibit the
5 cancer-correl ated CXCR4 topol ogy: human ovarian carci noma, hunman cervi cal
adenocar ci noma, human Burkitt's | ynphoma, human mamrary adenocar ci nons,
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tunor. [216] This example shows that CCR1 forms different topologies in different
cells.
[217] This example shows that CCR1 also forms naturally occurring distinct
topologies in different cell types. This example further extends Example 1 to demonstrate
25  that expression of the same gene in different cellular ‘backgrounds’ can produce surface
chemokine receptor proteins with distinct topologies and properties. Thus, the existence of
distinct receptor topologies on different cell types is not a result of differences in the gene,
but rather of the cell type in which the gene product (protein) is expressed.
[218] In addition to the data described above supporting the existence of
30 pharmacomorphs of CXCR4, the existence of potential pharmacomorphs of other chemokine
receptors was also investigated. In this section, data is presented that shows that CCR1
exhibits different topologies in different cell types. As with CXCR4, CCR1 exhibits
markedly different antigenic reactivity as a function of the cell type in which CCR1is
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[213] Finally, the CXCR4 expressed on breast tunor cells is functional. In
an invasion assay, SDF-1 induced cell invasion. Therefore, CXCR4 is not
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respond t

(C:: g%?ﬁuﬁ’?m : &5@6‘ i1 Othlzteﬁg:Cit fﬁ’BWB%egtoé]'b[r egfgt%; EL@E%J% h| s SDF-1

medi at ggQ. g@k@) qfnmfeahs (tzae ﬂe%ﬂ&@y&\d&ﬁkenﬁh(pﬂﬂtnfawf@ Herideitiel cRUY(DXT)amgoni St s
have no effect’. Thus, hese data suggest that while wl dtg e fetal liver

cel | s atutepBilsahut MmmpWGQXQ}@g§*4@mzes CCR1 on transfectants and THP-1 cells,

but not on primary cells tested (monocytes, neutrophils or immature DC). Thus, antibodies
directed against the same protein (CCR1) exhibit different patterns of recognition dependent
25  upon the cell type in which CCR1 is expressed.

Ligand Binding:
[220] Chemokine receptor topologies encoded by a given receptor gene may
vary in their ligand binding profile. They may have differing ligand binding ‘fingerprints’
30  (i.e., they to bind a different spectrum of discrete ligands). Additionally, they may bind
ligands within their fingerprint with different affinities on different topologies. This is the
case with several CCR1 ligands. Two alternatively spliced forms of the human CC

chemokine CCL23, CKB8 and CKB8-1, have been reported. CKP8 is the 99-amino acid form
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the CXCR4 topol ogy expressed at enbryonic day E13 and E17 are different.
The CXCR4 topol ogy expressed on E13 fetal liver cells is the

t unor - corweloaned2d opol ogy while the CXCR4 expressed on EPTTESOABSSES ver
cells is the | ynphocyte-correl ated topol ogy. [2151 Experinents al so

denmonstrate that th r-cqrrel ated,.farm.of .10.CX n ovide a
St 1 mutaBcignad 06 g Be e e PRSP T &P S B e o

di Sti Bflin 8AGL £9Y60BofiriRifre Al HAVAR Alknbens AIRGRNEEaAO! CER1I N cel |
cycle or ~transcription in response to SDF-1 stinmulation. Mre inportantly,

i ]1: t uMsvo I_Slﬂzltsrlnﬁmﬂrtﬁﬁeitm_ Valrr]ilams trc])ﬁ ErKE)B 8(@#+98l2ad 86-90phaedicer eraibad énd(st alr ?/ed

of serumin culture overnight they begin t t apoptpsi s (ce

deat hyhownémbsmuch njoge Bﬁiﬁ?ﬁtgh*ﬂbt% ﬁ{?ﬁ‘l‘fé%@ﬁf of%ggoe ﬁcﬁﬁ%&é{eﬁgﬁ’g‘e %8“50%} s are
able to recover from the r i C l's. Th
Soe- 1 e bigforih astbBies Mo PL BEVICKER By ORI S0} Shd ChBR oIl P s o

of t en ,chah afle UTad;Afds, 3AIP- fo b ieulRe&ir. BSek. Rib@redbi Horteyatpleyinde?Jo.
apoptosis. 20 Exanple 2: [2161 This exanple shows that CCRL forns different

t opol agires$oiand AKFsA 9 compétiton JrRHRK2IMCS Rxeeitpl the sHowlsterdias0 sEnMal so

f tural | i ng. di stjnct ies.in diff .
Thi o dleapice tisHePoBREBIO ek E Bl i it priadCo s sl Bes on
of thensame GeNGcHeMolintd é‘crrﬁﬁléﬁ_ngﬁinl Bbthdihg ‘t@aﬁlsgml@ wRsin (CAR Ipoadiftesur f ace

chenokine receptor protelns w di stinct topol ogies and properties. Thus,

t he exkeHtyrserafuce daslyidiferentdgeding charagietisigh.es on different cell types is
not a result of differences in the gene, but rather of the cell type in
whi ch the gene product (protein) is expressed. [2181 In addition to the
dat a joged above supporting the existence of 30 pharnmaconorphs of
CXCR4, the existence of potential pharnmaconorphs of other chenokine
receptors was al@aﬂid&@ggpgﬁF@ﬁQp¢hg$H$§m§@€?ﬁ@ﬁﬁOHHFQUP OLAW&ENt ed t hat

shows t .exhi bi.ts .di i j: i f cpldy types. As
w th s orke B RIS i gl Ea PR RRc foBien] Bnf ke Py, Be s

f ysct i RifeRhtifibecdfibol a fytptor (& yhéethmigERion) by fasshBirg3lifléa2gRaHinBe2/ 38555
expressed. Based on studies where a single ngﬁ con trgﬁt 1Jt‘:%&ltfragsfect ed
into dingeaprans incdiffprent geHalar eopextao THe dibeirng @?&838‘?‘1 & 5PY is shown
here t S5 ' oAk G R IaN L1612 ESHOAS Rueiass by el d

pr ot ei(ﬁﬁ%?eo glcct%{ssgf\}\fﬁs%ﬁ%g?gdarﬁﬁsg i Elgﬁfqyn di stinct frgm one aﬁot herw( as

det er nirmesk fydifferat G prdtyinwi did). aCERA edpoddgiesmbibitomaixampid ®dbises), and 5
whi ch recapitulates in part the topology profile seen in native' cell

| i nes PASBOWENGFary cells. As is the case with the CXCR4 topol ogy, the CCRL

topol ogi es not ophy| exhtiRbhpill fedidl(®e. CKPS(1-99)) binding to CCR1 expressed on
neutrophils does not induce cell migration. However, the same ligand (CK8(1-99)) can
induce CCR1 mediated cell migration on THP-1 cells, monocytes and immature DC. See,

Figure 8.
[223] Furthermore, the same CCR1 ligands induce Ca2+ mobilization signals

25  in different cells to different extents. For example, the CCR1 ligands CK[38 (1-99), CK38
(25-99), Leukotactin, MIP-1o. and mMIP-1y are able to mobilize Ca2+ in HEK293-CCR1,
THP-1 and monocytes; however these same ligands do not mobilize Ca2+ in neutrophils

despite the fact that CCR1 is expressed in these cells. See, Figure 9.

30 Genetic Identity:
[224] Topologies of a given receptor share a polypeptide backbone that is

identical or very similar in amino acid sequence; genetically the sequences are identical. The

cDNA encoding the CCR1 protein was transfected into two different cell types, HEK293 and
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antigenic reactivity, but also altered ligand binding (both in terns of
specificity and affinity), and altered cellular function (e.g. Ca(err)
si gnal i ngwervd/oai4ger at i on properties). Thus, CCRL serves agcanmsbhasssexanpl e
of a chenoki ne receptor displaying different topologies, providing 10 nore

evi dence denonstrating the.ability of .genetical.ly | i nces

expr egglg‘ﬁt'i ﬁ?e W?eéfaé’%t e"?‘%lﬁ%ggﬁ%gﬂtt%n irl%%lctqﬂjg B’ fie g’?@ﬁ%é %g# ﬁhaﬁgr effects
and plapReal RakfcaRy Mdnkies.CCRNt SdeoByufeerkt i Vi ty phenotype: [219] Different
expressed protein topol ogi es adopted by a given receptor 15 gene may
exhibit different staining profiles in response to a panel of antibodies
(such as nonocl | antj I: i j r j : i
representing théﬁggcé%g%@QR%%§§6%§§%§§$a%ﬂk%?%Fé?%ﬁ?h%gﬁﬁg?§%g§$i$§is is

t hg caspimdcbrpohfe b fatkiens: dséfeph dndiGal pubkeatmndir Hhtentapplingmocyanal

ant i bodi es gdesignated cl ones #1-5) .react differently with different cel

t ypes sdeaifeally andandiyidually mdicgfed te B incopnosyiedDRLGIPEE%: t he CCRL receptor. See
Figure 6. For 2 2 i iHoER senipa&ais8d on
transfectants (ﬂ%ﬁéggghgﬁﬁﬂhﬁgéggég¥?,q%ﬁ%P{ﬁiggﬁg%gzéuté_nnnoc_tic9

| eukenva)of illnstakion and exanple far pogidses ¢IRC)ritd undeestendipgii will areadibt
nonocytes. C one #4 recognizes CCR1 .on, transfectants,and THP- ells, but
not oﬁWBWFﬁﬁP?nééfpgﬂ?%¥F I%ﬁﬁﬁ5@§9§§f0%®ﬁg?ﬁ ngé%Pl Wﬁ%?ﬂﬁg&EKD. Thus,
anyi bedj ' R bS AABe MRt withoGERpIrtiax ioai thedpirft@r ent
pgpte?%gggfh%g%ggﬁﬁggon ggggﬁggﬁt 25 upon the cell typg in mhigh CCRL is
expr essegk of the gpedddi eldinmy: [ 220] Chenoki ne receptor topol ogi es encoded by
a given receptor gene may vary in their ligand binding profile. They may
have differing ligand binding fingerprints' 30 (i.e., they to bind a
different spectrum of discrete ligands). Additionally, they may bind
ligands within their fingerprint wwth different affinities on different
topologies. This is the case with several CCRl1 |ligands. Two alternatively
spliced forns of the human CC chenoki ne CCL23, CK(err)8 and CK(err)8-1,
have been reported. CK[38 is the 99-am no acid form 62 WO 03/047420

PCT/ US02/ 38555 (amino acids 1-99) of CCL23, while the alternatively
spliced variant, CK(38-1, consists of amno acids 1-116. Both mature forns
have been assigned as functional |ligands for CCRL. Two NH2-term nal
truncation variants of CK138 (24-99 and 25-99) have been described and
shown to be nuch nore potent than the mature form of CK(38 on CCRL. Here we
focus on 5 the biological activity of two of these CK(38 fornms, CKP8 (1-99)
and CK(38 (25-99), as well as tw other CCR1l ligands, MP-la and

| eukotactin. See. Figure 7. For exanple, in a 1251 MP-la and CK(38 (1-99)
conpetition on HEK293-CCR1 cells, the calculated 1C50 is 64nM
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However, this sanme conpetition on NSO CCRL cells results in a cal cul ated

| C50 of 3.9nM  Thus the sane chenoki nes conpeting for binding to the sane
protei n (WORp4me0 di fferent 10 cell types produce vastly acirfusomsssshi ndi ng
characteristics. Function: [221] Based on their topol ogy, chenokine
receptors contraol npart different biological functions in different
cel | M&{Q{ﬁ%@g—ol ogi cal contexts. They 15 differentially control a
function (e.g., cell mgration) by possessing different |igand binding
fijngerprints inpdiffangghod et idehtefinpamt shisthat Bieis tiafchemekine a¢deptocont r ol

ceIIuIar functions by differential coupling and second ness nger si gnal i ng
i 12 di lha‘\emgmﬁrstmmlln%[rbutdmsm bindda éhe %H@}ﬂneﬁ?wm%ga‘(ﬁgéﬁw ent G
rote { L g Iogl es exhibit an exanple of this phenonenon. 20
2322] OEB}Ogé(x%lﬁ%ﬁeém ﬁéné)ﬁl f.e. CK(err)8(1-99)) binding to CCRL expressed
Orh neut rophi | sj, doespmidmgl@lﬂﬁ@celebémpmsgnga chnmoldﬂmwmavtpr hdvéengsafiest | i gand
(CK(err)8(1-99)) can induce CCR1 ted cell 8rat|o Qn ol_grl cells,
monocippelpgarad arsaeandcell pemprgag they H’P g re‘[eﬁt?é]haﬁ B AREFHGPOORE " same CORL
ligands induce ¢a2+ 2 hd feheBheBédihs t 0
ditferent extenﬁa Fgéméeéﬁla%p%agéhtsdfg&glt&nﬁg)gn%% CK(err)8 (1-99), CK(err)8
(2b- Ofkeptotykd actin, M P-1a and MM P-1(err) are able to nmobilize Ca2+ in
HEK293- 1, THP-1 and nonocytes; a i not
mobi | i ze Ca2+ i Hi-neubTeRimeIaR aBeidpt V}fﬁgﬂ?e gftstf’ﬂglf)g ngl%g‘g%)o(%gessed in
t@sere%%éﬂo%uﬁﬁ)% n!i'tﬁﬁﬁt% QeheRR KRB dptor HeRiatsecorld23gdlogppol ogi es of a
gi'ven receptor are a pol ypeptide backbone that is identical or very
simlar in am no acid sequence; genetically the sequences i denti cal .
The CcDNA encodi2ng t Age aefbdmfstasion, wdisran Hisegeuisless ﬁlaﬁﬁp&&a]&‘?@f erent cell
types, HEK293 and 63 WO 03/ 047420 PCT/ US02/ 38555 Jurkat. The
transfectants exhi bi ted n eshpiiRst he fact that
ﬂy expressed)ggeneﬁrlﬁc(ﬁrf%llt ﬁ%ﬁn?aﬁ‘“ tHe%@%%BédéFféﬁlﬁg 10. [2251 Al
L@I | ¢AbétaiSarcdpenbhtanddudqed ¢e¢lahna[tm cited in this specification are 5
hereln incorporated by reference as if each individual publication or
patent application were

I d di | |
i nkor porat ed by 4 ef erl @ﬁ&é"ﬂ&[ 2 & Eﬁ%{ gﬂnlf}}n?el ﬁﬁ%gﬁlﬁ%@%’fe@?‘gnﬁﬁas been
def Clr '&P&% dd %}5@915% fiéi)togfole‘ls b1t gﬁ@%ﬂpﬁeﬂ JoliSdrhtddn oid calldnigradiopl e for purposes

-,

C nding, 1t wl e readily apparent to one of
ordlnary Skl|| inthe art in |ight of the teachings of this.invention that
1 5. The method of claim 1, wherein the method further comprises

selecting an agent that modulates intracellular signaling triggered by ligand binding to the

2

3 first topology of the chemokine receptor, thereby identifying an agent that modulates

4  intracellular signaling triggered by ligand binding to a chemokine receptor having a first
5

topology but not the second topology.

6. The method of claim 1, wherein the chemokine receptor is selected
from the group consisting of CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCRS,
CCRY, CCR10, CXCR1, CXCR2, CXCR3, CXCR4, CXCR5, CXCRO, CX3CR1, CXR1,
CCXCKR (CCR11), FPRL1 (CCR12), US28, ECRF3, Kaposi’s Sarcoma-associated
Herpesvirus GPCR, Poxvirus membrane-bound G Protein-coupled receptors, D6, and DARC.

[, T~ 'S T (S

7. The method of claim 1, wherein the first cell or the second cell is a

2 cancer cell.
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10 certain changes and nodifications may be nade thereto w thout departing
fromthe spirit or scope of the appended clains. 64 WO 03/047420

PCT/ US02/\889584749HAT |S CLAIMED IS: 1 1. A method of i denPCyisny3ssss agent
that binds to a chenokine receptor 2 having a first topol ogy but does not
bind to the chenoki ne receptor having a second 3 topol ogy, the nethod
cogprising, 4 i.g providing, & ifdisih £SHer bR LBbGeR iCRRIRAI R BRCCPL OF
having a first "5 topology and a Second cel conpri sing the chenokine

r egepigRiuphavkistngoSebend chioeotdyn ovéridn cancanetotarvigalannageslt, aof | ess than
1,500 daltons to the chenokine 7 rec?ptors; and 8 iii. selecting an agent
t hat Buddt'stgmpheme relsend Elinbiasiongs cdlhe chenpkine 9 receptor but does not
bind to a chenoki ne receptor having a second topology. 1 2. The net hod of
clgiml, wherein the aganlnbeol @fih 1 NARGRMRSE Qbor thdsctond bl §RL N0 of
claim1l1, wherein the netho urther conprises 2 selecting an agent that
nodul atesoptel, mohuayit macroghade, sbbisophst, hesbpbil, mbsticellidendiide eslh t he cel |
function is selected fromthe 2 group consisting of apoptosis, cell

gr ewt flil,em@@pplegpaﬁtngl;p?%ﬂetgﬁﬁ | migration. 1 5. The method of claim 1,
wherein the method further conprises 2 selecting an agent that nodul ates
ingracel | ul ar sijgnal i Ty théthedef @snby, Whegéeindhdiirdeeibortthe sdvend Self daest

t opol ogy of the chenokine receptor, thereby identifying an agent that
modul awoesuppoitrmBdeinfeatign. si gnal ing triggered by ligand binding to a
chenoki ne receptor having a first 5 topology but not the second topol ogy.
1 6. The nethod qf clgi [yt i | SelFRIneehed 2
frgm t he group clghsi Sﬁ%&%d‘%@hﬁ%ﬁ%ﬂs@%&&@%@%@ CCRz,
CCB8, T-&ICCR9, CCR10, CXCR1l, CXCR2, CXCR3, CXCR4, CXCR5, CXCR6, CX3CR1,
CXR1, 4 CCXCKR (CCR1 1), FPRL1 (CCR12), US28, ECRF3, Kaposi's

Bt ot n sount cd 1Pacopti BERAOH Tt Baderett fhe Aben ETRIGAS PO Gith o
Wh?r eifnt-N8idahd §F tHeQhbmBkink hep@eond cell is a 2 cancer cell. 66 WO
03/ 047420 PCT/ US02/ 38555 1 8. The nethod of claim 7, wherein the cancer

cell is selected fromthe i .. .
1 13. The method of claim 1, the method further comprising selecting an
2 agent that modulates a cell or tissue response in an animal, thereby identifying an agent that

3 modulates a chemokine receptor-mediated tissue or cell response in an animal.

1 14.  The method of claim 13, wherein the cell or tissue response comprises

2 chemotaxis of cells.

1 15. The method of claim 14, wherein the chemotactic cells are leukocytes.
1 16.  The method of claim 15, wherein leukocyte chemotaxis is decreased.
1 17. The method of claim 15, wherein leukocyte chemotaxis is increased.
1 18.  The method of claim 13, wherein the cell or tissue response comprises

2 the development of cancer.

1 19. The method of claim 18, wherein the cell or tissue comprises cancer
2 cells.
1 20.  The method of claim 13, wherein the cell or tissue response comprises

2 inflammation.
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2 group consisting of a breast cancer cell, an ovarian cancer cell,

cervical cancer cell, a 3 Burkitt's Iynphoma cell and a glioblastoma cell.
1 9. The wotobodr4od claim 1, wherein the first cell or thersgasnu3ssei| is a
2 neutrophil, nonocyte, macrophage, eosinophil, basophil, mast cell,
dendritic cell, 3 hematopoietic stemcell, platelet or B cell. 1 10. The

i, 1 20 AR it Sl b B e . 12

support an H Vi l'laim 1, wherein the first
cebl Qﬁerhﬁ@tiéﬁ%ﬂ@ﬁﬁeﬂltl amcmbof tha agéht o alelihistetedlid. an Enénatdtahing cafcet| ai m 1,
wherein the agent conpetes for binding wth a 2 natural ligand of the

chenoki ne receptor. 1 13. The thod of claiml, the nethod f
codpri sing sel ed®i ng %ag_enég@hgl%flﬁg)ta%m H}eégcegtogzqaymgrarﬁrlststgﬂcgg el_é%onse in
an aniqial notgil?rgdt' tggﬂe EEesihy fe@&?t@inhaafﬁ%r!i sebhiat topsloBP SiHepdi® theagettenoki ne

receptor-ne trssue or cell response in an animal. 1 14. The nethod of
cl ai midé&htifisti &y ehenmethed ofklaimorl. t i ssue response conprises 2 chenotaxis of
cells. 1 15. The nethod of claim 14, wherein the chenotactic cells are

| eykocytes. 1 . Th t clalm1 rei Xis is
dedreased. 1 17.]2§The ‘ﬁﬁréﬁboglo %f(f% qngfnﬁ?%?%\rlﬁ‘sng@%ioﬁ aﬁseét?ggégfggélgﬁgn}gggé‘?s IS
I nor eqy@thristhg18. The method of claim 13, wherein the cell or tissue

response conprises 2 the developnent of cancer. 1 19. The nethod of claim
183 wher ei n t he detarminipg thepyereneeaiAbpaiss of & fh@pokipe FrEpPLer A USEUC The gt hod

of ,claim i3, whergint i 38 b§ ARPHbHBE of daind | ammat i on.
674\/\0%31/1’%6431%}'4%?315%% %&%ﬁ@%@ggﬁé ﬁ%?ﬁlégﬁg?c?r% od gf claim 89, a\/\/nerei n the
agent gleehpaaesianpans pwbaitear dbdcher afibeitdlcal |y sufficient anount of the
agent is admnistered to an ani mal having cancer. 1 22. An agent that binds

to a chenokine receptor hayi first .topol.o but 2 d not bind to the
chdnoki ne receptdr haui%etgogggg]ﬁﬂnégﬁ%}% Q%ﬁg‘é}lel?ﬁc lﬁceergglznt is 3
identified by the nethod of claim1. 1 23. A nethod of determ ning the
prgsence or absence OA nftkéd bf idbAEyiNE A aftibodyGRATbindi tdg chemokine

2 receptor having a first topology but does not bind to the chemokine receptor having a second

3 topology, the method comprising,

4 1. providing a first cell comprising a chemokine receptor having a first

5  topology and a second cell comprising the chemokine receptor having a second topology;

6 il. contacting an antibody to the chemokine receptors; and

7 1il. selecting an antibody that binds to the first topology of the chemokine
8  receptor but does not bind to a chemokine receptor having a second topology.

1 26.  The method of claim 25, wherein the method further comprises

2 selecting an antibody that modulates cell function.

1 27. The method of claim 26, wherein the cell function is selected from the

group consisting of apoptosis, cell growth, cell proliferation and cell migration.

28.  The method of claim 25, wherein the method further comprises
selecting an antibody that modulates intracellular si gnaling triggered by ligand binding to the
first topology of the chemokine receptor, thereby identifying an antibody that modulates

intracellular signaling triggered by ligand binding to a chemokine receptor having a first

(O R

topology but not the second topology.
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3 detennining the presence or absence of a chenokine receptor in a tissue 4
sanple by contacting the tissue sanple with an agent identified by the

met hod ofwoloaiosi42g 5 thereby determ ning the presence or pabasnwsssss t he
cell. 1 24. The nethod of claim 23, wherein the cell is a cancer cell. 1
25. A nethod of identifying an antibody that binds to a chenokine 2

receptor having 29.firske m@ﬂﬁﬁ@gﬂaﬂﬁtﬁd@ﬁ&eiﬂ%e BhREb I leBSpt6Ne RBIkEBE
receptor having a second 3 topol}_ﬁgq t he nethod conprising, 4 i. providing

a f4 r sfomehe grwmspnsisting of GHRISIG (RBIHRS RERHE 6,@%1%7 &R%pol ogy and

a Sgeco, in o] pol ogy;
o 1 CRA R B R PR FIRE CRCRE RERp L3RS XA P

sel4ectC@g{(HQRQGCRbD)dFPRDaT(CGRﬂd)E US28, RERIBS BipdsDPSheayaissdchited hemokine 8

receptqr but does not bind to _a chenoki ne receptor having a second

t opol og§pesvisis CPfrfe hogyiermsmbengihoupd G RitsieseupiadrermptersdDf . and HRARC.
conprises 2 selecting an antibody that nodul ates cell function. 1 27. The
metihod of claim 2§, Wﬁ?é’ﬁ%ﬂ‘loala?cﬁﬁhl Sf\k)ﬁ'frfnh%'e 11%. sl &ahededs 9'&1}1 réea 2 group
consi sting of apoptosis, cel gromﬁ proli eratlon an

m @r atd¢amper cell28. The net hod of claim 25, wherein the nmethod further
conprises 2 selecting an antibody that nmodulates intracellular si gnal i ng

trlggered by |i gand dln o.the r st to 0 of th

r ecept or, thereby i de éogﬁlagﬂtgﬁ’b%f@ﬁfelpﬁléet ﬂ%gt‘%?lﬁ&?cﬁg?@é? | ul ar
si gnal grbgp ténsegiap eda Bf;eaéﬂcﬂﬁm cBll e Rarih® cahceN@NDKrRaT @8Rl having a
first 5 topol o%y but not the second t opol ogy. 68 WO 03/ 047420

PCP/ UQ@)‘%#QQSB@P emapgell mpa ghetadomt cellai m 25, wherein the chenoki ne
receptor is selected 2 fromthe group consisting of CCRlL, CCR2, CCR3,

O, Oxore, Cerr. TsiaroN g ees, Py R s UEg s,

Kariosuiwtrﬁphﬂ;mmaytsmampﬂmhgs ddainpphil, Haaq;h@?ﬁilast detixdendtisic welitbr ane- bound G

tein- co%g) .ed recephors ang DARC. 1 30. The nethod of claim 25,
wh r ei IFRAPFHCs el plate} qt@gé’@ nd cell is a 2 cancer cell. 1 31. The
nmet hod of claim 30, wherein the cancer cell is selected fromthe 2 group
consisting of a s@easrheqﬁaﬁsaopahim29%1%@5&%&%@1%tﬁ@hécon&eélya&’gll cancer
cell, a 3 Burkitt's |ynphona cell and a gliobl astoma cel . The net hod

of 2cl aiapsesporinddle] mfedhiens i rst cell or the second cell |s a

1 34, The method of claim 25, wherein the first cell or the second cell is not
2 aT-cell
1 35.  The method of claim 25, wherein the antibody competes for binding

2 with a natural ligand of the chemokine receptor.

1 36.  The method of claim 25, the method further comprising selecting an
2 antibody that modulates a cell or tissue response in an animal, thereby identifying an

3 antibody that modulates a chemokine receptor-mediated tissue or cell response in an animal.

1 37.  The method of claim 36, wherein the cell or tissue response comprises

2 chemotaxis of cells.

1 38.  The method of claim 37, wherein the chemotactic cells are leukocytes.
1 39.  The method of claim 38, wherein leukocyte chemotaxis is decreased.
1 40.  The method of claim 38, wherein leukocyte chemotaxis is increased.
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2 neutrophil, nonocyte, macrophage, eosinophil, basophil, mast cell,
dendritic cell, 3 hematopoietic stemcell, platelet or Bcell. 1 33. The
met hod ofwoloaiom42b, wherein the first cell or the second ®erlusdpassss 2 not
support an H'V infection. 1 34. The nethod of claim25, wherein the first
cell or the second cell is not 2 a T-cell. 1 35. The nethod of claim 25,
erein the antijbody.co kENngi ng: 1 se bdatisksof t he
\(lzﬂenoki ne recep?’gr. Iﬁ%%gﬁ%lﬁgfIﬁ%{lﬂggﬂgffl&gﬂnélﬁ%&z%& t?ﬁ%ﬁiod fugﬁ%er

COMPringidegelsRhemtdfegn@n 2 antibody that nmodul ates a cell or tissue
response in an animal, thereby identifying an 3 anti body that nodul ates a

chenoki ne receptor-nedi ated ti.ssue or cell response i L 1 37.
The met hod of cféi m 3B¢ ’Qflé?ifﬁlsa{rﬂé’f?t\gﬁ?reﬁlrth? F@gﬁelngg%O%@%%Ff ses 2
ctfnnéé’mi s of cells. 1 38. The nethod of claim 37, wherein the chenotactic
cells"are | eukocytes. 1 39. The nethod of claim 38, wherein |eukocyte
chenotaxis is decreased. 1 40. The nethod of claim 38, wherein | eukocyte
chenotaxis i s i ABr eadbedmetl®d of\Clads304FhomginplT ceISossBRGESPONFe F9MPRHE et hod
of claim 36, wherein the cell or tissue response conprises 2 the

dekel BYREIRAIOR cancer. 1 42. The method of claim 41, wherein the cell or
ti ssue conprises cancer 2 cells. 1 43. The nethod of claim 36, wherein the
ce|{l or tissue u@spomHenkEHHAldfsRsm 42, wheteantmtnidindy HedibaseFieanae whew 2 of
claim 42, wherein the antibody decreases.cancer when a,, 2 .therapeutically
sut f i theeapeutiendlyraufiimient gaonpfeiiths agentisiadminisicred tp g0 ANk PRERS K3 g cancer .
1 45. An antibody that binds to a chenokine receptor having a first

t opol ogy 2 but sdoes B i cherplokie re@paphavinbavirstgopolege ond
togol ogy identi f4|g'ed Bégp%nﬁgb%ﬂt%?ﬁgg@gf claim 25.@? 46. Agrret hodﬁoof

det er Biddeg nblisingteterhenokinatsseptorhaiinga seond tapetogradensdicd 5y Rspri si ng 3
determ ning the presence or absence of a chenokine receptor in a tissue 4
safpl BePdfifla®t45ng the tissue sanple with an antibody identified by the
met hod of claim 5 25, thereby determ ning the presence or absence of the
cejl. 46. A method of determining the presence or absence of a cell, the method

2 comprising
determining the presence or absence of a chemokine receptor in a tissue

sample by contacting the tissue sample with an antibody identified by the method of claim

T R W

25, thereby determining the presence or absence of the cell.
1 47, The method of claim 46, wherein the cell is a cancer cell.

48. A method of identifying novel topologies of a chemokine receptor, the

method comprising,
providing at least two cell types, each cell type expressing the chemokine
receptor,

testing a plurality of different chemokines for the ability to bind to the

chemokine receptor on the two cell types; and

identifying a chemokine that binds to the chemokine receptor on a first cell

type but does not bind to the chemokine receptor on a second cell type, thereby identifying

W 0 ~1 O i =~ W

novel topologies of a chemokine receptor.

49, The method of claim 48, wherein the chemokine receptor is selected

2 from the group consisting of CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCRS,

—
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1 47. The method of claim46, wherein the cell is a cancer cell. 1 48. A
nmet hod of identifying novel topol ogies of a chenokine receptor, the 2
met hod cowprid®ing) 3 providing at |least two cell types, e&ch/uset/ssssype
expressing the chenokine 4 receptor; 5 testing a plurality of different

con e CE P b R Rag R e B e PR R B SR E PR ne
r egept @ ORRCCI AN, PI@[UJ (GCRYPEURRS, BITrEs3, mlpoamslart:@nmaombedom ne
receptor on a second cell type, thergoc\: |dent|fy| ng 9 novel Pﬂ‘gB |.ogi es of

b
a 6hedﬁpm1me@8§ﬂ?@i’0mﬂ$9nemh@n¢rb@lh Brotengonpled reqmiaeip, ki ne
receptor is selected 2 fromthe group consisting of CCRL, CCR2, CCR3,

i g I s TN

( C8R1 1domphRRIZIA € GRIRSDIE-1 biE2 8 firdECRFBpe Kamppsisdsn tépologyraf XS cant el )5
Her pesvi rus GPCR, Poxvirus_ penbrane- bourc'ld Pr ot ei n- COUB}I’QFQ’Q eptors, D6,
9

an@ DARAC an SIOF- 1 Teensta 195 BIngmeand 2 spops: YRS GRS DT of different
chgno o SFohpeRdofbiikst cel | type conprises a
tog'ol c%%é%# oé@%{’@;‘&%ﬁgﬁﬁgﬁ T?AC a?rcl)d pSDFol 1corrn%tet e for binding and a
second cell type conprises a topology of 4 CXCR4 on which | TAC and SDF-1
do Inot conpete fir biTiti mgthod ofdlainTH% wherdinat lepstd cellivms arqseiedi n at | east
3 cell types are tested. 1 52. The nmethod of claim48, wherein at |east 10

chenoki nes are teste i chenoki nes
aré sel ect ed frosf‘?ls t hgTh?nﬁt?lSﬁ @8%%’22’&% r%}gé%% %E%lﬁ%&%ﬁﬁegé%fﬁg%éiXQl
CXCL2, CXCL3, CXCL4, CXCL5, 3 CXCL6, CXCL7, CXCL8, CXCL9, CXcCL10, CXcL1iza,
CXG@L12, CXCL13, S?XCL 1"ﬂhe méth6XGE dlaim @;@dﬂeﬁem ﬂ@.dherrﬁ@irﬁ:,s a@GI@RctE@@LOm theCL 5,

CCL6, CCL7, CCLS, 5 CCL10 _0QL15, COCL16,
cCL217, gr@@chngIStI;@mﬁClé , ¥ELACXBEeLdC X@éﬂ %‘2 525 0CL 26,

et rg%@ﬁgcgkég@éﬁgd 3, Exreidigd ol caim, é&cM@et@mLmh@x@lﬁaokl nes are

dupport. The nethod of claim 48, wherein the
tesqtu NOXELEP, COAPIL6 s@@Ll,ZC@EZ eﬁmaqua@zxt, BE LGy CSIL% KELShERBRI nes t o

etgcfmlé L@ 1T Y R 18! 8881 NS, cEraBeERE I NCCEE TR O d,n each cell

CCL20, CCL21, CCL22, CCL23, CCL24, CCL25, CCL26, CCL27, and CCL28.

1 54. The method of claim 48, wherein the chemokines are tethered to a

2 solid support.

1 55.  The method of claim 48, wherein the testing step comprises
2 determining the ability of the chemokines to compete with a ligand that binds to the

3 chemokine receptor in each cell type.
1 56.  The method of claim 55, wherein the ligand is labeled.

1 57.  The method of claim 48, wherein at least one cell type expresses an

2 endogenous chemokine receptor.

1 58.  The method of claim 48, wherein at least one cell type expresses a

2 recombinantly expressed chemokine receptor.

1 59.  The method of claim 48, wherein the cell types tested comprise a

2 cancer cell and a non-cancer cell.
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1 56. The nmethod of claim55, wherein the ligand is | abeled. 1 57. The

met hod of claim48, wherein at |east one cell type expresses an 2
endogenowwOoobemake ne receptor. 1 58. The net hod of cl ai m #28T/Ushyssssh at

| east one cell type expresses a 2 reconbinantly expressed chenoki ne
receptor. 1 59. The nethod of claim48, wherein the cell types tested
copprise a 2 capcer ,c - iRStR4A428 a

PC,iIIPUSOZI 38555 %Q 60.A%E%?Eggéggﬂ%e{%gf‘?ka&gbhf?g%e%ol Qggof ~a_chenoki ne
r eZ epk@fiple)ths nitiangngirisingeonet tingltheaapplesvitythe ogertchatrped freallyisisdo wi t h
the agent that specijfical Igy binds to th? chenpkine in a first topol ogy
but ndte dhegwkBigan pdBeteRYOLYM 18t yiscant IRt er the agent binds to the

saypl e, thereby i RGhiNEe bidn® bind3 td GRGhAEY, BErcbhdcrbimpihis fiestr ecept or .
1 %‘g A et hod gg%%ﬁ%fy?ngr ceél$§1 t hat bind aghéagent specific for a first
2 § opadpaingyodf the clivemikierrecapémrept or, but not a second topol ogy, the method
conprising, 3 contacting a sanple conprising cells to the agent; and 4

sejecting cells fhat oi “@Iohéftggﬁfﬁ%é‘éusiﬂm%&dza%pagt@%tgéggciﬁt fhidefilsf fying an

agént t hat nodul*at es ‘Ab’fnﬁ n-viral en to a cell, the

meh NGl 8B 151 AH3mdkinieredepY, it ABt @sdcbnd topoRigly, the nethcsi cugnpistigenoki ne
receptor having a first 4 topology and a second cel| conprising the

chgnoki ne r ecepteontapEng nipmple eBpidsipg palsdghe asgny F”?J) contacting an agent to
t he chenoki ne recgptors; (R ecting an agent that: (a) binds to
th% first topol Sﬁff?e%l%g%I(Saa’%lqgﬁrrlglﬁlrt\llée)alg%ﬁécept or but not the second topol ogy,
and (b) nodul ates binding of a non-viral pathogen to a 8 cell. 1 63. A
method of identig2yi ngh methmdedidan6Fying tinegant tHabhodwlatss bindirg of aaneYiFdlni ng
whet her 1-TAC binds to CXCR4 in.a tissue sanple, wherein 3 binding of

| - 3AC Pethogeis toeaesils thepethod PR esence of a cancer cell. 1 64. The

meghod of cl ai m(@fpro g%iﬂ}stt&ﬁ SaERImgGhkmboRing edeplogladingmfirite 2 group
consisting of a east cancer cell, an ovarian cancer cell, cervical cancer

cell , tapdo@Busrd 4 técend gelitoammisue the ahemeking feseitoianing 2wcend iPPRIOSYA kit for
detecting |-TAC bhinding to CXCR4, .the kif. I Sd. 2 chenoki nes |-TAC
and SDF-1, wher e(i%bic%ﬁtaq%gggfl agﬂg%%fhet%gmgtﬁléﬁoi@lghfegg’iggd

6 (iii) selecting an agent that: (a) binds to the first topology of the chemokine

7  receptor but not the second topology, and (b) modulates binding of a non-viral pathogen to a
g8 cell

1 63. A method of identifying a cancer cell, the method comprising

2 determining whether I-TAC binds to CXCR4 in a tissue sample, wherein

3 binding of I-TAC to the CXCR4 indicates the presence of a cancer cell.

1 64. The method of claim 63, wherein the cancer cell is selected from the

2 group consisting of a breast cancer cell, an ovarian cancer cell, cervical cancer cell, a

3 Burkitt's lymphoma cell and a glioblastoma cell.

1 65.  AKit for detecting I-TAC binding to CXCRA4, the kit comprising,
2 chemokines I-TAC and SDF-1, wherein at least one of the chemokines is
3  labeled; and

4 a solid support or receptacle for measuring chemokine-CXCR4 binding.

1 66. A method of identifying an agent that modulates viral binding to a

2 chemokine receptor having a first topology but not a second topology, the method -comprising
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3 labeled; and 4 a solid support or receptacle for measuring

chenoki ne-CXCR4 binding. 1 66. A nethod of identifying an agent that

nodul at eswoiosak74bé ndi ng to a 2 chenoki ne receptor havi ng &Cfriuse2/3856pol ogy
but not a second topol ogy, the nethod, conprising 72 WD 03/047420

PCT/ US02/ 38555 .3 (i),. pr.oyidi o q In%d fhenoki ne
réceptor in thel P]i%g%dm% ac%ﬁ%??Qﬁ%ﬁ%%ﬂﬁg%}%agﬁoé{%%ﬁééggrpﬁggerrpri si ng t he
c heMDYgnREMEEGERIDS sdeaNd Bl edngeanpdhe opahadys recéptdi liayingonsesend ingoRBYagent to
the chenokine receptors; and 6 (iii) selecting an agent that (a) binds to
the first topol GYyonkctingandgeRgRitkeChemakiedse BT Aot t he second

topol ogy, and { fi%g&%ﬁhgé@%%e\ﬁi[‘( ffh Yot Heinkt HATRKD Ao Bheraokine of

reby identif ates viral brnding to a chenokine
I ecepicBiptofbiiat 1he stdvndiiopotseyt, apb(b) gyoduletestatal hindeedna ahepekiagy. 73

8  receptor, thereby identifying an agent that modulates viral binding to a chemokine receptor

9  having the first topology but not a second topology.
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