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Det ect i ng MW &4t i ng Di seases and Conditions Rel ated t oPCHARHRINE
Receptors 5 CROSS- REFERENCES TO RELATED APPLI CATI ONS [01] The present
application clains priority to United States Patent Application Serial
Number (USSN) 60/338, 100, filed Novenber 30, 2001, U. S. Patent Application
No. 60/ 337,961, filed Novenber 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
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Springer, T. A, Annu. Rev. Physiol. 57: 827-872 (1995); and Schall, T. J.
and K. B. Bacon, Curr. Opin. Innnunol. 6: 865-873 (1994)). Chenokines are
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r espongg; %alfglgl bgéfgmat ory nedi ator rel ease, chenotaxis and
ext ravasg'? onto as“’% nfection or inflanmation. [03] Two subfamlies

of chenoki nes, designated as CXC and CC chenoki nes, are distingui shed by
the arrangenent of the fjrst f [ _conser teine 30 residues,
whi ch ar egei t her separ at%é@%m%gr@' %ﬁﬁﬁ )C/;(C I(:hermki neSSISDlli-Sl,
IL-8, IP-10, M D R4
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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, GROB, GROy, NAP-2, NAP-4) or are adjacent
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particularly active in inducing chenotaxis of activat peri phera
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| ynphodye easticdarly asivean ingisewrcheniotais of inetirded pahgral slooddymphacytssh0G. [ 04]
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receptors conprises a |arge grou of integral menbrane proteins, containing
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speaki ng, chenoki ne and chenoki ne receptor interactions tend to be

prom s@sohmmoeattradiatts amkaativetooko freomayted onjmmphog yiek dmb o net appeaptd bes and
conversely a si nql gq{chermki,[]e receptor can interact with several chenoki nes.
Ther e &RENGAMTAHIE fJrdispirgPlils o this rule; one such exception has been the

I nteraction bet \é\ﬁ@ﬂ Sl 1,20 ﬁlae%%%s éggﬁ%ggéﬁge&bg%%@lﬁ 0.al84(3):

1101-9 (1996); erlin et al., ture, ). Oiginally
i defit i fsupdfanslyagfisevén twaisimeptboimicspatning Gatroteth-tagilat re¢égagagdueptst P. M., , Proc
Nat| Acad Sci S USA,_ 91(6)_ -9 (1994)), .SDF-1 _has been the only reported
human Hingaierof §FV~é£dﬁ 7?71%@%8%&- I%éﬁ@lﬁﬁé dggtee%mm?%ﬁrép?%?rs QePHifSteed
SDF-| a | bl ALk are

i dent i é%?gg?c 8%0 %g a%gﬁ? %)%‘rre risg&raﬁrég’ C%gdaggﬁ&%%vggrﬁgagg&%ﬁraa? éa e present in the
car box yegiersiTihe secHptdBDEclcoupled na Gahvstents, Whshasikstemtrim§ritiegillatorBSDF- 1/ CXCR4

chenoki ne/ cher np] ci ne r.ec or paif has.been inplicated as an inportant
medi at BFOIGRS F&?@ﬁ}&w %ﬁff@’ @é«}%?%%ﬁf@aﬁﬁe@m@%@ 0EPuPled gogRRSe ot at s,

Geggugf@?&%gggg%@ge@?%gﬁo%Q@m%emgré%m%rgemnstrate that the deletion 2

23 Al er this receptor or [1gand proves to be enbryonic
| et hal (Loetschef03jt &GeneddBiycpedRiigyrhéhdiing anPER2mbkirked8dgptoriatesictiaiis Pr oc
Nat | A%&l% tc? %Ie prLcJEnAi’SCI?o?l(s Jfr? %h:at 8rAfe4 gﬁe?n%kgn]é%grélg%indzlggn}? (t:hemokjne 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-1p, by aiternative 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



at, Nature, 393(6685): 595-9 (1998)). Additionally, this |igand?PEEHST 3006
pair plays a role in REV infection (Bleul et al., Nature, 382(6594): 829-33
(1996); Deng et al., Nature, 5 381(6584): 661-6 (1996); Feng et al.,

Sci ence, 272(5263): 872-7 (1996)), and has been linked to HV pathogenesis.
CXCR4 can induce apoptosis and this pathway can be inhibited by SDF-1
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aci ds vmth i cted seven transnenbrane topology (Neote, K et at Cell
72: 415- 42@62@9%1)) The ligands of this receptor include MP-1 a, 20 RANTES,

MCP- 3gand MPIF- 1. @gﬁ' MB&‘? Letly, &ﬁl‘éﬁ&’éﬁ(&R@ VE6b ?ﬁa@féﬁﬁ& eﬁﬁh&cyt es,

can nedi ate G prot S|gna transduction are cri
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infectio te|n nt i e and
Cpeorti oG RABRrason wak ks i Rsfiriodlls, while SRR pESPE ISuGE Y, o
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roles of this gene in host protection frominfl ammtory response, regulation
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i ncl udi ng are found forma gene on human
chronosohﬁpcabezistbavninphgandpecemorpﬁhhasrmtﬂmnemrmasm& 176 (2000)). [09]

There are nmany asp eI ectivity
for |igands that V\@I‘%L n@{ %@gggous 3015%% ersbels%ﬁﬂ%étggrgggcggmo Uention
addr essesecepthefamilyrdmptisiag 355 amime acids 28th Arédidted s%@ﬁﬂraﬂéﬁeﬁﬂta&é tepolbgy

PCT/ US02/ 38555 BRI E(]’EqISUM\/ARY OF THE I NVENT] ON [.10] The present invention

provi des (NeXh &€ %t I 11254 P dderdigandsof thleeﬁ%%OftlBCl&d?:WdR‘r ne recept or
havi pg apiNTs, MBS A8y M- 19 QR NRbeptdrd drelvAdd1) SxStRER KA Biman 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 (SEQ ID NO:2)

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

25  roles of this 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 chemckine 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 topol ogy. In some aspects, the met hods23AHEHST2006;
provi di ng WOI3INHHE cel |l conprising a chenokine receptor harETySE/3BFIsSt

t opol ogy and a second cell conprising the chenokine receptor having a
second topol ogy; ii. co 'S’t%@? 18fE heSEN 1,500 daltons to the
chenoki ne receptors; ang§$¥gﬂ se é%??ﬁgﬁan agent EEat blnds to the first
topol ogy of the che@jokThepresae ptventidiprosizes nretodbiofitlehtifyang dreageki thet r ecept or

havi ng a . second topology. I n sone aspects, . th t. s | ess than 600
dal t onsblndLSGO[aﬂ]fnw%usedﬁ%epa%rd@wg 2 TirRtoRgIo B Bt et H%&leéﬁapﬁh'ﬁ%@n%l@%ct ing an

agent t c gction is
2070 Ao RO S2RP Upc 00 S 98T ASRREL b, kbl
prol5i f efiratt deblncoarpdisoey 4 changﬂcaﬁel receptdr hiayingra fromepalepeand a sédoadwell hod furt her
conprises selecting an agent that K nodul ates |ntracellular si gnal i.ng

tri ggerOEPBINg the ghenoking frge@tel haying 3 secpnd (ReIagyyllgFontasting an é%ﬁélﬁﬁfdeﬁ%
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si gnal i ng ere brn 0 a ‘chenokl ne"Tecep aV|ng a

first tﬁ:rplqbpgly)gp of tmqﬂaetﬂoemeswepmd boduek agybind fo 5 chensidRericeptot i iggent
nmodul ates nobiljzation of intracellular calcium in response to binding of a

| i gand seepndniepslogyt In epyet aggetsthe 2gentisdessithamedG dadteps-or. [13] In sone

B o oo T gt AR, e B4 el Ol U@t ACaEBRME 110 O
CXCR3, ridduides @mcu&xcm&m@sa}saaﬂs’ {HEXRIL Fu SRR eléctidREdth, thé BBy ( CORL2),

US28, ECRF3, Kaposi's, Sarcona-associ ated Herpesw rus . GPCR, Poxvirus
menbr arfengigingoiaprpsis; eelbgawie gelf Brokiferation angcellapigrah@me. [14] In some

aspects, the fir ilteufel 516t h c?sefh%zg?tﬁgé 1er forft qgegrsel%& 1{%an| Jke%t%hg

aspects, the cancer- ce rom e gro p CONSI Sti ng o r east
cancer Iﬁ@idlatesaimua@evmﬂ ﬁg&rgge@kilby 15and biidingtankefirst ®pblogs oBtheKi tt' s
Iynphona cell and a glioblastona cel In some aspects, the first cell or

Ssecbemokiae |reqe§toa, théwby wﬁtlfymgmhmyt that advlaish érgéacelhéérsslmﬂm |
baSOphltJlggeq@c%y ?lggfﬁg tJ)Ex ﬁerﬁ Te]%gﬁ’&t 1?3891'1%5 EPst§ epcig&% ltnotghgt eI et or B

cel |. sone 7Y econd’ oes not support

an Hi Vsecm‘rﬁqbpm gy. I i) mmsﬁsctmtwgteﬁt mbéslafel briibiléAatibn of intlaeelmeeeadige! | is
not a T-cell. [15] In sone aspects, the agent conpetes for binding with a

nat ur alin FespaRRg to anWO%hmré.tmher tetsp@lpgy pite chemelgre recepieet s, the et hod
further conprise 1 ﬁﬁshgx% (LeRIRMLeH f%%hne@c% o?tlesse%aet% Igﬂfaéroﬁ ue

response in an a Faent yIng an a 4 23

AUGHST 3R & ing¥? @@R@‘@GR@ @@KB UBOR4 3GERS, (CCRBP@CRG ceRepcawne@Raoed tissue
or cell response in an aninal. In sone as t he cell
CXCR1, CXCR2, CXCR3, CXCR4, CXCR5, CXC%6 CX3CR1 CXRl 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 aspec:sAUGUST 2006
chenot act iwo 6®hd7s20ar e | eukocytes. In sone aspects, | eukocykqﬁgnggggggxi s is
decreased. |In sone aspects, |eukocyte chenotaxis is increased. In sone

aspects, the cell or tissue.response conpr.ises the devel opnent of_cancer.
In somEngaplgRg eceptprniedfatedisss S rem"% 1328 30YHRlen SRIP SSDEFYS, 166 AR

aspect g titsix'lg 1‘%@@#6@0&%&%@?&&%%@5&& .mréoﬁfesas;asété,qmﬁ 'n?&acti'c% BOFE

aspects, t t creases cancer en a therapeutically Sufficient
anmount lafkotytes. dgeomeiaspathyleukst e ebbricaxanis denieasdd. Havbmg aspmtseleukdcy The

I nvention al so. provides an agent identified by any of the nethods 10

provi dEBCTAPIGYS IS ngrspsern dN SHRRE AERESH: e ggl s%waé%wénwmss%hpdem ifying a
canger | S L 0 ' Wi jn the
above. (T iopmER BPELTER IR Bh Y Bpg thotetel ke b8 rRORE] odrlBAIL, BYHR 1 1g of

t he agespgectspthEX€Rdr tisuiie cesponset domppisesiaflmemafion.c Anaeie aspbcth,tBd agkhe pr esent

I nvention al so provjdes nethods of identifying a chenpkine that binds to a

chenok idrgeasss e3ncel Whela Hisrapepiically spljssmbamowtof daragcabis adippstersditp an

chennk%gﬁmﬂﬁgﬁg%gémg@ying a second topology. In some aspects, the nethod
conprises: i. roviding a first cell conprising a chenokine receptor having

a first topol ogy[Efjd Theénwencon akd brosaiepan sgeny iddneified dynaky o€the@stipdder havi ng
a second topology; ii. contacting the 20 chenoki ne to the chenoki ne
r eé@pt BF1deghdovs-i . sel ecting a chenokine that binds to the first topol ogy

of the chenoki negygce f : % 5.0l | eceptor having
a second topol 0(5{/. [ %’? l?‘%ﬂégﬂegﬁgggbggeg?gﬁglg&dcﬁgﬁg@%%ﬁfét% gfsf

mobi | i zampesing tetembihpevhethérthe sgdn€identificd in elspsbrse-listedan o binaé tot he
chenokine to the first topol ogy of the chenokine 25 re In sone

eptor.
aspect §XCbinchidssu paaplecvberewrbinding af the pgent £9 S%Q&ﬂalr@sv@g)@ thedesesed oly of
CCR1, CCR3, CCR4, CCRS, CCR6, CCR7, CCRS, CCR9, CCRIQO CXCRI, CXCR2,
CXCR3, 4, CXCRS, CXCR6, CX3CR1, CXRl1l, CCXCKR (CCR1l1), FPRL1 (CCR12),
FPR.1 (CCR12), UE28, HEGRpsseifdposition aSapooidesanahedsadfdderttifyingavi rus GPCR,

Poxvi rus nmennbrane- bound G Protein-coupled receptors, D6, and DARC. 30 [21]
I n sonshenpldes tat hinds foi & dhemakine resepiordawes adusidepelogy byt dognaeibindiothe | n
SOME agpetditne %Qﬁt&ﬁ%‘%ﬂ £8lchnd Bpdf g.ch{sé%[n{lé %@E&E‘%Q F&?}Podcc%%}ﬁ%s': pig of a
breast “cancer cerl, an VAT L an Lancer ce ., cervical cancer ‘cell, a

Bur ki t braidingrp hiestaelt ebhpasidg a chtholihasteptor Ingfitg a fitsn taidyampactsndt he first
cell or the second cell is a neutrophil, nonocyte, macrophage, eosinophil,
basophr¢ll corpprisingaihe cheraplging £9cepor havingafesoip HIPOIQLY; §t eqntecaing thep| atel et or B

cebd - Liemoidre YR Rertfiife 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, CCR8, CCRY, CCR10, CXCR],
CXCR2, CXCR3, CXCR4, CXCRS, CXCR6, CX3CR1, CXR1, CCXCKR (CCR11), FPRL1
(CCR12), FPRL1 (CCR12), US28, ECRF3, Kaposi’s Sarcoma-associated Herpesvirus
GPCR, Poxvirus membrane-bound G Protein-coupled receptors, D6, and DARC.

30 [21] In some 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
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t hi0 £ i pells. B sOMme gspests: threell ehB%RFWOF%&WeW%mﬁot bind to a
chenoki ne recept ha e he
nmet hod further cgirrdrl ‘;f'(taxggrsee?tﬁl?\?gtggghﬁg # 'boa: ydlgtﬁ%%%)f]ld%gﬂﬁ“f%agj éé{éﬁ)@
functi gt binds soareheasiend Beeptdichavitiga filstwpblogy ibat dedls @ot Bihdfts avhémekigeoup 20
consisting of apoptosis, cell gromh, cell proliferation and cell mgration.
[ 251 | FeegRipehagnga second t@omyh S*PIGP aFReetse bigpretaedscapamieses i InproxHIiBgE | body
that a Vi ding to the

i rst nﬁﬁ%%@%g@m{%ﬁgl{lﬁg%e&:y@%ﬁo K recep %5 hggﬁ@?% anhe%u[%l? ycfljdngl an anti body

thtﬂ mestipiadifg tervhemoRink tdcaptos haviag b,l?,econﬁrtd);gg@i}@(ﬂi bonthdtyneh dptibddye to a
chenoki ne_receptor having_a first topologéb not the 25 second topol ogy.
I n sontiesbpaekne reqsptoss epd it yelesing an aibpaythaf binds %théfﬁrstrtpp@@gy piithar

cherkr NEEERPARS: 1 8Ll B b PR ndplotBalink 2 sck AROLPRE . o oo

fromthe group c i Shiﬂﬁn@jsp%ﬁheﬁﬁ%dﬁ%om@ﬁ%se%ﬁ aﬁlﬁi@bod@CR
CCRS , CCRI O, CXCRL, CXCR2, CXCR3, CXCR4, CXCR5, CXCR6, CX3CRI, CXRI,
c:cchRth@wRq!ql)ates Fﬂh@cvmmm@ts he eabipnctiouas selpetsd SmbsErawsoci at ed

rsﬁﬁag%%opp POV Ll Seo MR %?ol?ﬂfb't‘ign g’mil F’él?}n? ﬁu&?“p' ed receptors, D8,

sone aspect’s, st ce e second cell is a
cancer cel . I'n [28)nehasmpecispects, ke fritwdfutkdricoprises sed;éoﬁdgﬁﬂ antitbdde gr oup
consisting of a breast cancer cell, an ovarian_cancer cell, cervical cancer

cel |, thapmediletes intragaliarmenading trggered by ligamdbindingtoctée |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, CCRS5, CCR6, CCR7, CCR8, CCR9, CCR10, CXCR1, CXCR2, CXCR3,
CXCR4, CXCR5, CXCR6, CX3CRI1, 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] In some 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.
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cell or th¥OdB@énd0cell is a neutrophil, nonocyte, nacrophays/useasissophil,
basophi |, rrast cell, dendritic cell, hematopoietic stein cell, platelet or B
cel e first ce

) . : d 1 d
oo I e AsRRL R s el or o Bt el i b b ol AR5k mgo5TaaeL support

a T- celebsindghib AR pAAPEGE eIl NRdARE bélp%mﬁtdﬂbgiéﬂ@tﬁénfc@lﬂ p4tBKRE 819B VeIl hina
natural |igand of the chempki ne receptor In sone aspects, the nethod

f ur t hesome agpectse thesfiseetll arghesecomt ¢dbldtg¢s nohalmpmj @oltHVegfestiom| In somet i ssue
response | n ani mal her eb n ant i bod hat dulates a
chenoklaﬂ%ecgea’gﬁéﬁ' Q;E]Ecéfit ‘?%‘?‘fofl%l%@ﬁé n eCIe §%‘Bﬁ§%°elcﬁ é?ﬁ oot In some
aspect %on%;@t%s ?&'Hln&lﬁo%ﬁﬁyﬁatﬁl‘ﬁﬁlﬁ)g%ﬂa%fﬂ{é'm{ehféﬁﬁleq@@e'[ﬁ%rax' s of Cel I's. In sone
aspects 0 chenbtactic cells are | eukocytes sone aspects, |eukocyte

chemotaxi s is ded2&asdd.some aspwtsethaspubed furtheutwuyises stlestinganagtibaly

I ncr ease I.n sone ects, the cell or t s s the
devel oé‘??ém atﬁgﬁﬁegfg t}ﬁqugwnaggmagnn%al %}1 IEBTB é}g@gg@n% es cancer
cell's. o ShubRiEs ARRRKSe reEé]ﬁo dﬁEJga@H tisduS D @ell ?éspeﬂs%gﬁgg% A8 dopfd ammati on.

I n sone aspects, the antibo ecreases cance erapeutically
suf fi ciagpectsatheloel] coftissiearespyasd cdnspri]sss cdomatigs ef enilst dn somaaspaes, thavi ng

cancer. [ 28] The nve on al so provides an antl dentlfled b the
metiRod$herpeieti qesd S%%Us@kom@] I feme ARPERS; lsﬁk%ﬂygfo dgcrasefio

dent i f &2 e
Gont 1 Rl RaRPo iE hem Rl lo i Blefl %8%@%%**&%&%‘ ?%&Su%%%ﬁ%gﬁm e
wher ei romprissrbe déveldpmanrtiof badyr. tla sﬁxeladpactsdﬂmateﬁ&rtllsmep;bnmﬂmse:anm’r cancer.
30] The_invention al so vi des net hods of {den nqQvel topol ogi es of
g c]henﬁﬁlll%énrsé@éﬁ%‘?"ts |ﬂ?f=p tigjsdespensg WRF&F%BH{HB%%%“S sorpg 6‘5%?39 at
| east eceptor;
Oa ﬁur aﬂé&f@fs%? %&?{‘wﬁ&léth%a&%&htg%@g%ﬁﬁic ttaﬂl% Jfé%éy . p

testing a p Ity o er ent i nes or t e abi o bind to
t heschadmkiisteredec epunimalhating cinver.cel | types; and identifying a chenokine
that binds to the_ chenpkine receptor on a first cell .type but does not bind
to the chenokinel ?@ceﬁ}tﬁrm‘é‘?ﬂtl&n§g€ﬂm’1%lqn aelyb@dﬂdﬁeﬁﬂé%ﬁbm@meﬁ adsng novel

t opol o f chenoki ne receptor. [31] In sone aspects, the chenokine
recep tgkﬁﬁgﬁgg g%ted fromthe group 30 consisting of CCRL, CCR2, CCR3,

CCR4, CCR5, CCRG6,29ICR7TheGiihtiofalsd pra¥idRk@ methd Y jdefiXFiti, a CaXEEIRLellCXCR4,
CXCR5, CXCR6, CX3CR1l, CXR1 CCXCKR ( CCRI % (CCR12),. US28, ECRF3, Kaposi'
Sar c orrEOBBE RS gp@gnmpg)g@gthq}ge @igquy 1dentified in the abové-listed method binds to

20 CXCR4 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, CCRS5, CCR6, CCR7, CCRS8, CCRY, CCR10,
CXCR1, CXCR2, CXCR3, CXCR4, CXCRS5, CXCR6, CX3CRI1, CXR1, CCXCKR
(CCR11), (CCR12), US28, ECRF3, Kaposi’s Sarcoma-associated Herpesvirus GPCR,

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



poxvi rus nenbrane-bound G Protein-coupled receptors, D6, and Dﬁweys.ﬁéoos
AUGUST 20080 09p33) 047420 PCT/ US02/ 38555 [32] In sone aspedF/UsRB8HFurality
of different chenokines conprise I TAC and SDF-1 and a first cell type
conprises a topol pay ofn Lxfespedts Vi'ﬁéﬁl'ﬂrzihwﬁﬂﬂéreﬁ%&nolﬁﬁéﬁ&hﬁm@@ﬁﬁm ndi ng
and a second cel | type conpri ses a topol ogy of CXCR4 on which I TAC and

SDF- 1 dind®PFdomdatfast esll tblpmnmgisesﬁtw&sEyasf@é‘t?M oatwhielaTAG auéFDFtlypes are

test ed. h

et seotipdle FRTGRRE S S1esBhe ST Bhe t PrEmee Reo R Bar O ECKE RSt TAS, O™
XCL2, GAAGIHF-1@Fek coﬁfg@e:ﬁm Ki&ih3, Il%élas&géﬁ@-a'@ 1eaSPE L8 tpE ke testce@X -8,
CXCLO, CXCL10. CXCLI'1, "CXCL12, CXCii3, X CXCL15. CXCL16.  CCLI, ©CL2,
CCL3 GOtk 2spSits at ©astel 0 dempkineses, te®@l9, CCL10, OCL11, CCL12. 10 CCL13,
CCL14, CCL15, CCL 17, o1 19, . CCL20 2 22 " coL23
CCL24, CCL25, caégl spile agREf %&e(z:g%n}O?ﬁ“’f&ﬁ’ée %éegg@tfiémt "egré’Wéﬁ%ﬂsﬁB% are
tet her esf ¢01 XS0, ICk SUPRAIXCL | K CL, ERTE3AORETLS CHATS R ATIEER

conpri ses determning the ability of he chenpkines t0 conpete wWth a
| i gand CX&LIpCKES % Gmielocﬁléﬁ’r@khlnél}t@dépC&Chlﬁ €I e OXCIL, €68.16) n sone

ot o5 GELCEHATge R C BBt o oEh R LS RS e RN LERES one”

cell ty@emrw@ﬁﬁﬁ@@ﬂse@@mksn@@tﬂw CEXPS, ex5e, @t@LWC@iorleeénb@r In sone
aspects, the cell 'types tested conprise a cancér cell and a non-cancer

cel | . 20CL33]CaLa4, GOI, Cah2al €CLRT candd&EL 2te tlhadmeakpehts, etbe chmgnakirfes ast
topol o of a chepokine receptor in a sanple. In sone enbodi nents, the

met hodsCEFsHP 8sOUEBHPRE i ng  the sanple with an agent that binds to the
first topology buggpot CRALHE ARLQE st ?s%?ﬁétbﬁﬂmi’i%%@ ¢ agent
binds to the sa u{lg P ere% get éct relgg%éhseé%fl rmsxg4 t opol ogy lllttyr(g)hermkl ne

r ecept ahe chemdoms te nbm@bnemth;a ligdvel thepdimdsits tlenchentokimedgceptor ia eanh cell

enmbadi nents, 25 the sanple i f[§8nf human. In sone enbodi nents, agent
bi rdi ngtyP‘?ldP’chF@saSP?‘Fés s Pcedhsence of a di sease or condition related

to a cheml ci ne 1aSEPtBroonidhsHE aPEAATHETA fmedifrostlh af2flodoel ected from

t he group consisting of breast cancer, ovari cer, cervical cancer,
Bur ki t t¢hsmokimphereptons Sinsomae¢ aspectaat deasbors: cgllity;hsl amrcsmaarfsombmww cancer. In

sonme enbodi ne #’F f(he chenoki ne receptor sone enbodi nepts, the
agent SOPESER PRI TRIRI. Exeqmc GBS B Sl BE lesl el RoRIIse SATGFgRl: cancor

cel I, ayard - egy. cell, cervical cancer cell, Burkitt's lynphoma cell or
gli obl ast ona &ﬁ}& but does not bi nd
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



CXCR4 when contacted to CXCR4 in a |ynphocyte. In sonme enbodi merstAycusE2006
breast cawgeesiaedn is MCF-7. In some enbodi nents, the chenpgifgoRegptor is
CCRI. In sonme enbodinents, the agent specifically binds CCR1L when contact ed
to an i mmat ure 23 . AUGUST. 03/047420 [ US02/ 38555

dendri tqeegra%¢ pelber %}pr%limur dogs ot Bwés&g%’c \‘Qg%aow d {6 &&Gmrae&e dheo CCR
expr essgehde g,téa nonocyte. [37] The invention al so provides nethods of
treating a disease or condition related to a chenoline receptor in an

ani mal, the net ho@d7¢onPiid invergioadidoiretides mgthadSof theatiap eliseasedwsendition he

agent |dent| fied as descri bed above }o an animal in need, thereof. In sone
enbodi Felted, toprrhepokmggeceptor spnatimgl fhomethnd comptipng aARINTICHE df br east

CaNGET e YA ARSE B e MR 1CBERRDea BUGKLS bn Sl BMBIATAACHA o

cancer an oma= associ at ed cancer. | n some € agent
conpri ssemewmlfmlﬁmao:td,yhe {iRease ieseleetdddth g @ouﬂs bensigagbf beasticangennunot oxi n.
In sone enbodi nents, .the animal is a human. 10 I n sone enbodl nments, the

di seas & REAKFACKT, [CETHIGH BAGeT BYBH S lymphgna-gysacipted sangen And glieh! ‘iﬁt‘lf’&‘l"des

met hOdsasggckﬁéH &é%l:ﬂ‘gip%%e% ‘bBHl éi’l'té"'ﬂl a%ng?ttq)ﬂ%lé?%&{db%dggﬁl s%n{ rst topol ogy

of a chenokine rece a’sec ogy me enbodi nent s,

t he netdneddirpentyrthe ggent th&mlmmtoamﬁ amEoteCpitpidiraénmg) thehdimal @ adfunagent  t hat
binds to the first topol d?y but not _a second topol ogy; and selecting cells
t haf bilagome eprhedimsendy din diSqase isepanidamoaionediselder.he agent is an anti body. In

some enbodi rent s, 3411 AINDlerin AsolkIARL, ALrh o AL RYipk QPAL BN BYR oL (e

second t opol ogy. [I3n sone e e ce ocyte ] The

i nvent iagBntpseifipfervd fRstopBlopPds a Gherhélené tdoyptog batnd@gastordddpologpdl at es
bi nding of a non-viral pathogen to a cell. In sone enbodi nents, the nethods

20 conﬁpn@@mW)m@?t@\ﬁhﬁmﬁ@%s SqTREISC L RNtactiB a3 SRR KORPEIS BRIl N aeagspt or
havi ng tf?atfbh{d%ttahfe“ﬁﬂsf@éol%ﬂgbf’i’x)x%o‘%%%Q ‘d%é]ong;ﬂ%h §é1§&%ng%%}11§ﬁl% llﬁh@c?tl{eecept or

havi Nng a Ssecon con act|

r egept Qgsht. dNdorhik eimboditdeRt theGgait i8ge aﬁnﬁddgzt In écaﬁe EhbetEmedts, ﬂhbaoént ﬁ§£

t opol ogy of the chenokine receptor but not the second topol ogy, and (b)
nodul at egnd of Waifivgf topolagyeri-net tgiseqndriopingy. ongogs|emborim eeldsirnent s,

t he pa q\%{ggtls a parasite or 25 a bacteria. In sone enbodi nents, the first
cel | Cted with a non-viral pathogen. In sonme enbodinents, the

chermkl ne receptqs9j s :st%llﬁﬁdn@dnfat@rprm&esghau@ds:m&érﬁftfj’mg affagdatilast CCR2,
CCR3, CCR4, CCRS, , CCR7, CCRS, CCR9, CCR10, CXCH, CXCR2 CXCR3,

CXCR4 nydaides erding of @ﬂgumraf radregen (o erik nororaelgmbqdaorats) the wefiwds ECRF3,
g@ S| cgnlﬁﬁggq%lgv?ﬁﬂl%'a%lgtdceﬁ% Hﬁ)ﬁgfng% hg%%neegaéﬂol} Havillg ’E*Hrﬁ%p&&wd G

and a second cell comprising the chemokine receptor having a second topology; (ii)
contacting an agent to the chemokine receptors; and (iii) selecting an agent that: () 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 abacteria. 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, CCRS5, 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-
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.



30 coupled receptors, D6, and DARC. [40] The invention al so pr cRiAMIIST 2006
ant i bodi esvolhdp48peci fically binds CXCR4A in a MCF-7 cell, ptusinssssaot bi nd
CXCR4 in a |lynmphocyte. [41] The invention also provides antibodi es that

specifically bin to 1 in a, neutrophil ut ..does. not bind | in a
monocyte. 9 23 i STT%SBW\?@@EP@&% %#?%s%fzﬂgé g[aﬁ?cei‘ﬁgﬂ?h‘%/ention
al so prbabx)tggeﬁl ns;aﬁmg@ocﬁfmhg?ﬁ%gm Sfnptise Wkephirifs WhkiheRT-TRICORRYs to! N SOME

enbodi e ods conprise determning whether I-TAC binds to CXCR4 in a

ti ssue @é@ﬂﬂ & a tidsee eample, wilerer wifiding PACTACE torthe CRCERY imiicatesttiesprebeacpr esence
of a cancer cell n sone enpodi ments, .t he net hods c. ri se oviding a

{1 soue OLh Gt ool dngoRt SR Rt FETRRSoRieY OTH el BBprs and

conpri %b@ﬂ?ﬁié{%@étgﬂ-ym%sQéQBﬁtam%tﬂ_m%d}aﬁiémg 4 ﬁbgoggggmﬁcm&a%&a@me of a

t opol ogy o at binds I-TAC indicates t ence of cancer cells.
| n sond Adl, vitieese tiengrestinee of 8 toplolopAG{ KIX{UR A that binde - diALG nelicates thepesange

whet her | - TAC gonpetes wi.th SDF-1.in a .bi.ndi.ng assay., I n sone

enbodi PEFRNSET qefle. I sorme pT thepg em@%@&&ﬁ%@i@@é%@ %ﬁ%bn%wstﬁsgmng of a

br east [ / Vi . | 4..a

o ot (RECPLTAR ComBllePu Rt SHE-EANEER R il o6h) JERmEBABEInRRS he® 1 o1
al so prenerled] kistiscted frade tiegdromgcdnsiEiag bf abiieagy cancer CCRA. ovatiarscdieer

enmbadi ments, .the kits conprise chepokines |-TAC and SDF-1, wherein at | east
ondOof SHhserripsterIcREeell. Fusiilmphom sl ard aEloblagemastly ecept acl e for

measurin chenokjifie- Lnding. | ' : It Sa: rise
an anti bgdy t hat Ifi@ sgzﬁgﬁﬁ?%gfﬂy&gﬁoﬁég oﬁ%ﬁ@%@{oﬁﬁ%&%méﬁ%«gibﬁdﬁﬁé@t he
Kits cANCTR4emsahie dmbddimsnts)thekhecompriseghamekines I-THC amd SDEN ewhbieireat
conpetitive binding assay.. %4 The present invention_ also provides nethods
of i demaptapied thechemakinesis el}%oqyri' #1544 GHRROI ¢ IREFPRPIS BT @HEHSKI ne

recept L N ' : I : 15,86 one

embod Sim ROGEXTRA bR N AR chibhalit SR RANOmo B0 d Moty Bl T ng 20
a ¢hemgjdcificallg bfiads @6 [NTAC.hE damiesdmisodivherntsiethé Rits eortprasessalt doffers ok bthepnpr i si ng
t he chenoki ne receptor having a second.topology; (ii) contacting an agent
to t he @BRHHIAIAES Hbe EherBRIgNe gofaPetitive PINding #563Y-ng an agent that (a) binds to
the first topolo of mki r ; . pol ogy,
and (b modul at eLdl; r JHeBEN ey R TR ieHEnBE of B RE AR

I dent i that m@dalates g@ral bindaig toadhbablae vécepdor havifg adirttaopolefehmkonesacendpt or
having the first 25 topgllleg)gqy but not a second topol ogy. £4SI] In sone

enbodi fapetogy- dmeoms prigod Sirraethodsemamsc RIS Vgt Stst Yl cogpprising
! ggQ oV Hcgegf_ﬁcﬁijﬁé‘gegggér ¥l eSS cohBr TR 2088 R Vel cohdpfishnBlih O ehtbkideS 2

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 sbme 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, CCR8, 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. In some

10



embodi ments, the lentivirus is a human i munodefi ci ency virus. FAUGHET 2006
embodi ment¥00H& 4 Hbx virus is a | eporipoxvirus. In sone enBEBIUSBHINSSS t he

| epori poxvirus is a nyxonma virus. 30 [46] In some enbodi nents, the chenokine
r ecept @bl dint&heE AleSksf e b MeikoSYEU R SARSdBddd e, thERhko GER 2 T2EES, CCR4,
CCRS, CCR6, CCR7, CCRS, CCR9, CCR10, CXCR1, CXCRZ, CXCR3,” CXCR4, CXCR5,
CXCR6, Itx@aRetmbKREntsOGXGEEENt cOMPRIEs With a VAIRTE) hindiBg 8 thE@REROkiKa paspios.

Sar cona- associ at Her pesvi r us CR, .Poxviru nmbr ane- bound G, )

Pr ot ei n- coupl ed ﬁ%@epggfsé{we@ﬂ?né B PEgAsEes n??ﬂll%%r?g%%mﬁg?rﬁﬂlﬁiﬁﬁméﬁéﬁctl%

03/ 0474 / - ' » v ' bl yte. In sone
enbodi ng%t@gtt%%%ﬁgggg%%@@g%a@%g lF{VJWF‘gnEI g%?r%)p gﬁ)l‘ggdi ﬁ%ﬁti@%ﬁg agent

conpet éxpotagyh Ia swine ambbd dimenisn tliengethodst dompeise adkinteerimgcethierapeutid dbéd offhe

i nvention al so provides thods of treating or, preventing infegtion by a
virus {ifneen Hauied 2 des Q?h%vert@éaamalwaw%ﬁ%w?f ?Etsomsﬁmbe Yk not a
second . g]l(] e : 1S 1 nistering a
therapte%tflggg%)g%g%?dﬁ]?rﬂgﬂgggﬁgl en{ﬁ%ﬁfé&%gé eg@gﬁgggz{@%g\.’? 0 an animal in
need t bmbeditnents)theqaroenizadh fretivius. hivemeienibddinserss tleclestivifussn hb@agr oup
consisting of retroviruses and pox viruses. In sone enbodinents, the

r et r oviAgEnpdelipignayvings. by some pmbedimentinBaiPAE NITYS 1t EPIEMIVUIT US SPBICa human

i no I @i i . i t Vi TUSALS. - )

| olbr ERbFRA ek pol fri T HRAEVIRE, fn st eRBS Mo e Bt 58,

Vi rus. hivphagone enbodi nents, the animal is a human. [481 The present

i nvention also provides a nethod of inducing apoptosis in  a cancer cell. In
sone enbodi ment s [481he Theprrsentdayastios elso patides eimefhechel indreiag apantosisiit h an
SDF- 1 %g&&%‘? Uiplm sbﬂle%%gﬁ%gﬁ{mﬁg'tg&%%&md%@ﬁpﬁ&@%@%@%ﬁ thie Fancet &G &fly b om the

group consisting o reast cancer c ., an n-cancer ce

cer vi cgDFCRAGEForti&! In somndBethbodiinefits, thy eiveneelciekéleabd frantihe gRdupst oma cel | .
DEFINI TIONS [491 "Anti body"” refers to a pol ypeptide substantially encoded
bylfan eonsistingohe frespiianecrgelearoevaragnnansgr etblureriicgbernser esil,  Bagidht s t her eof |
whi ch eGi ficall bi.n nd. recogni ze an anal yte (antigen). The recogni zed
immnoé[%‘m%cez}e%gg%!llﬂﬁa%&glat%g' kappa, |anbda, al pha, ganm, delta,
epsilon and nu constant region genes, as well as the nyriad inununoglobulin

vari abl e region genes. Light chains are classified as either kappa or
| anbda. Heavy chains are classif i REFINSTEY¥Pa, nu, al pha, delta, or epsilon,

which in turn 25 .defing t by Lo L0 cl : | gA, gD and
| gE, respectivel {ffb?[ 5 1%1%&%{%3&? pgw})&g\élSogﬁ%ﬁinau%%%?%%%)anst ructural
urad CHARGh&EShdin gene or immunoglobulin genes, or fragments thereof, which specifically

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 (V) 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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tetranier. Each tetranmer is conposed of two identical pairs of zap’éﬁ’%%k%ﬁ’%e
chains, each pair having one "light" (about 25 |IcD) and one "heavy" chain
(about 50-70 kD). The N-termi nus of each chain defines a variable region of
about 100 to 110 or nore amno acids primarily 30 responsible for antigen
recognition. The terns variable light chain (VL) and variabl e heavy chain
(V H refpesduteFtahpszdimeyof Fanwhibledself ic hlightshaiespieed ionsl-Cyl p$ 2 Bisalfidebodi es
exist, e.qgQ. L ntact i.munogl obulins or..as u r of Ll characterized
Fr ngment 20 HErAED G hex SRR e g 5praifih o Bk Heaboutsaiimap i B o o
pepsin dlhﬁ%%tj%gir&n tienétyRReVeried MUWFLDE, dindtintd AEFdY MbaGREr. IThe!HaB hdndfRr I €gi on
to 11 23 A I 2006 produce F(ab)' 2, a dimer of Fab which itself is a

|i ght chas essgnsialan Fe With st offhe Binge rsgion; (#re. R (Ed Jriendapeninl bnmiplage, r educed
under sm .9 b t r S ol s ' DEnge, r egi on,
theregy convg}agliotr?g the @?%bﬁ?%*?e%ﬁ%ﬁhgﬁs %Bg@}gng?\%ﬂn%@ﬁ%ﬁe Fagr'l nmononer
i s essenttéraisiof therdigeationmpf 4n iptacttantibodyheneroif sigidl wil gppmaciatsdbat siehufragnints)

Fundarent al .l nmunol.oqy, 5 Thi,rd .t hon en Press.. NY 93)). Wile
vari ous é‘ﬁatyibr?&&tﬂ?srlﬁegr% Ry’ %{#hgr %]E?nll%aglﬁ of R}B@{%zrl%{eg?sm?lﬁ%mdé Ig;r‘gst i on of an
i ntact anridiiadlogyOThus) thestkin dntibbdy, anpyed Gereft 8lsé hrludssahibbdpgapnéss nay be

synt hesi zed de novo either chem cal |l 3{ or. g‘il utilizing, reconbi nant DNA
met hodol &Her predysed lrsh@emdrﬁcaﬁ@%@ﬂw badiggonthessisiithegized deeVUdRE ant i body

fragngnt §ecgﬁiéﬁrt%ﬁfDﬂ%%%@@o{@(est(@% oRgielchaatpvpn of whol e anti bodies or those
€ 9

synt hesi z € Nnovo usin r econbi nant DNA net hodol ogies (e.g., single
chain Fv). [52] "CH2] ofCeli gdisseresppnsesexsfery iofachgngerfstathefiaeellor tisuat e of a
cell or tiss I.n r ' e i ne |Iigand
b1 ndi ng 52 B DiefPhulaP sl 8lcelbP nerRRIARRS bRHERE cRGRETRORTR o'ec
by chenolDefiaed meppisey whickn alay He stimadasdbythearkinestgipadrs ingluda atuhsneenibbaneof
cytoplasm c signaling cascades, cytaskel etal rearrangenent, adhesi on, 15
Chenpt ax PERaligy ALTVEHOR AL RBIaSE B e RASFen CY RS A EBRERPHARETBh,  gene
repr a3si QRemothfislUftdsion, Mbtakthsid, 8Yt0kiAE BroddtioANgzene ind¥REMH, 3tadRpREsiGE! | ul ar
gromh and differentiation, including the developnent of cancer, [53]

" Chenoki nrducten ofgietniiaxpeessiony anarodylaticarof celnlar semth and diffesemtiatiomnposed of
appr oxi ] i ds and sharing sequence honology with 20
orber o %‘Fé%%é?‘he@%%g]’éﬁ%%% Mirphy, P. M, Pharnacol Rev. 52:145-176
(2000) ). Chenpki nefs3fr e“Cheamkine’ e ‘chemnalting ligantdrdfére ta £émali p@tgosi ti ons of

B I S T Ry S

am nQoaciother kdwitdRARKINRS Ged) 3 \LE MEHDRE PIM. CHRHRLAR Rev.|52: 1431 76 @FUR)

chenokines, the first cysteine pair 1s separated f%ﬂS am no aci ds. CL

chenoki néfiepskiaerara plasssiydaceordingde e aglaiveingsitipns ofitbe fishpriveforysteipesiGs) on.
Chenoki nesHgan tlferp'rigrﬁ?}; aflir!a0R sgf[’rlence. 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.

[S4] 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 (SEQ ID NO:4) (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
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function by binding to and activating chenoki ne receptors. [54F3APGHﬁEﬁWﬁ ne
receptor” refers to a polypeptide that specifically interacts with a
chenoki ne nol ecul e. A chenokine receptor is a Gprotein coupled receptor

wi th seven transnmenbrane domai ns. Chenoki ne receptors possess several conmon
30 structural features including a highly acidic N-term nal domain; the

am no acimdceptysibavean oREYEl Alzv i aptiiinhiel yN@0 )70 @nfin@adid residuvarieatdon of t hat
sequence)_ found. wi t hin secpond extracellular |oop; a short third
intracelPﬁWﬁWeggg%h“#Vﬁﬁgﬁ<%W@? ¥ basic charge; a cysteine residue wthin
each of the four extracellular domain. Typically, chenokine 12 23 AUGUST
2006 receptors have an overall size of approximtely 340-370 am no acid
resi dues. See, e.g., reviewed in Miurphy, P.M Chenokine 12a 23 AUGUST 2006
WO 03/ 047420 PCT/ US02/ 38555 Receptors; Overview, Academ c Press 2000; and
Loetscher P. and Cark-Lewis I. J. Leukocyte Biol. 69:881 (2001). Exenplary
chenoki ne receptors include, e.g., CC chenokine receptors (including CCRL,
CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCRS, CCR9, and CCR10), CXC-chenokine
receptors (including CXCRI, CXCR2, CXCR3, CXCR4, CXCR5 5 and CXCR6),

CX3CR1, CXRI, CCXCKR (CCRI1),the virally-encoded chenoki ne receptors, US28,
ECRF3, Kaposi's Sarconm-associ ated Herpesvirus GPCR, Poxvirus

menbr ane- bound G Protei n-coupl ed receptors; D6, and DARC. [55] The terns
"peptidomnetic" and "mnetic" refer to a synthetic chem cal conpound t hat
has substantially the sanme structural and functional characteristics of 10
ant agoni sts or agonists of a chenokine receptor. Peptide anal ogs are
commonly used in the pharnaceutical industry as non-peptide drugs with
properties anal ogous to those of the tenplate peptide. These types of

non- pepti de conpound are termed "peptide mnetics" or "peptidom netics"
(Fauchere, J. Adv. Drug Res. 15:29 (1986); Veber and Freidinger TINS p. 392
(1985); and Evans et al. J. Med. Chen?. 30:1229 (1987), which are

i ncorporated herein by 15 reference). Peptide mmnetics that are structurally
simlar to therapeutically useful peptides nmay be used to produce an

equi val ent or enhanced therapeutic or prophylactic effect. .Cenerally,
peptidom netics are structurally simlar to a paradi gm polypeptide (i.e., a
pol ypeptide that has a biol ogical or pharmacol ogi cal activity), but have one
or nore peptide |inkages optionally replaced by a |linkage selected fromthe
group consisting of, e.g., 20 CH2ZNH, -CH2S-, -CH2-CH2-, -CH=CH (cis and
trans), -COCH2-, -CH(OH)CH2-, and -
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CH2SO-. The minetic can be either entirely conposed of syntheti23AUGUST 2006
non- nat ur aVoadai@yues of amno acids, or, is a chinmeric npceaishesseks partly
natural peptide amno aci ds and partly non-natural analogs of amino acids.

The mnetic cap al so nc or at e nt .of Jnat acid
conser E%P\,fg‘s : B@?’?etw tA’IC 53 %S @g&iaé uﬁtsglff)g t F‘?‘ﬁ{:?ad]ﬁéeﬁ’l Sglgj doI not
subst agtl gl ¥ 531 80881 (2008 Wi) '%{@?ﬁél&g%h&%lﬂﬁ& Héc%gt%ﬁléj{nﬁefudécé bVCCychel%ekm%Xa”p' e,

amnetic COI’T'pOSI tron 1I1s e Sscope of he i nvent | ‘Bn IS capabl e
of i nhmepuomg(mnudmgf:@m, mg:mhé:cm CCRYy CER S, GERE, GICRT, ccaza;ﬁmmma

L?gggil@ %ﬁ%?b&sﬁ%@ﬁp "61@1 Foﬁs 0?‘3“‘?‘%&%(@?519 @g‘&%z’scg\@ée&ﬁ &&Cﬁ%ﬁ | owi ng
thes CO%?@B(; t O@}xébﬁqc@ qn@C ?‘}Kﬁ {GERE] thé‘%r%‘ﬂfg( 'en@c?ieﬂ FE@?M%&“Q sequences

(|ntrons |nd|V| al “codi ng segnents term

"I sol atrmdpfbrs;\hISQBaE@RFé,d{mmsﬂs Smb1aaassacua0bddﬁemesxﬂms GPCRRokesus t hat t he
nucl eic acid or rgieln is ess ntlaIIy free her cel | ul ar conmponent s
wi th wheEprine-foynd g%"?la‘tcéEIPF recrgorsabPar ahd . is preferably in a

honbgeneous st at fssmat qﬂgggf}g/ds %ﬁoﬁﬁnbt‘fl:”éaﬁﬁdzﬁu g@gu efglqgg &ME%QS/ 047420

PCT/ U502/ 38555 e aqueous s tion rity an nogeneity are

t ypi calchsmidsitoempongd tHas hasgsubstamdallyithadanehwnicsiralyand dohdtiogblechagoehistas of
poléacrylanlde gel electrophore3|s or high,  performance |iquid
chi@marBgeepHy or 2801t & achempkinegeqeniorp P erfisle analoes apreromasopy sasn the a

pr epar y I d gene is
Cepar ot b el licTUBIA A d HebeBHld BB yich Bratftbles S Beoudtd dingofliEC 2°7

pr ot ei gergilite peptivden THase g@e@om{ompﬁpeﬂeedmpoﬂmd ard tehinsd ;mpndé tdétideopt es t hat
a nucleic acid or f)rotei n (gJ ves rise to essentiall e band in an
u

el ectr OWP@FI@PH&C%%E (Fapghqre.clu 14 Prug Resnbua? (19389 Y%fﬁ%Féﬁl@nﬁélTﬂvﬁrp pr otein
br ef or 307 11980 A8 sy T P ARIEERER B0 235 (605, e CorpBa iR by

pOlslpeBéfbld@ce@f Pé;ttiﬂ%rmmh@@ tHaeare sbructandbsinitdr tb g tltalyamhle idee
receptor. [59] used herein, "an agent that bin to a topo ogy of a
c hermkmiiiéfbe usq-siftermowe an eaglefnkent oreenhaicad &mnentl%\or]p@ﬁh)é}ﬁﬁmwffeyt "Hi gh

el ovaitopal BrlidtuBh R beldor s Eh 3P Bl AP G R IALERE o7 i e g

with apﬂl@rpé,pnale i QEDK bmogwag aﬂﬁhirﬂlaaﬂ@é‘imkuﬂ%l)[ BP@eRebnébr hbre peptide
pharmaceutically rel evant concentrations ) at concentrations | ower than

about ilckaxemgtlonsﬂé repacgd by@dm@g@seiecmdcﬁwghﬁgogp CORFBINGOERS-aT y agent s
e L e A
An agegH2sat Tﬁanhmeh@ c&ObéitiRr Eftirel9icomipd e fishnthefigtnonalaturgieaplogiies
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. ‘
[S6] 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).
[S7] 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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| i gand when the agent is in a concentrations |ower than 10A M w3 AUGUST 2006
consi der edwoa3fomzo 20 bi nd" for the purposes of the inventipgdru§daBksssViral
bi nding" refers to the ability of a virus particle or a portion of a virus,
such ang viral envel o in or fragment thereof, to bind.to a target

pe, pr ot

conponéHPesadfy Ofélguea"“ﬁrs%lt”g% ?@r."g.apdéloe%gﬁeﬂkﬁmée Petaly SPmEAdRg can be
measur I %g,q t ] 4 i [l -y, Such assays
i ncl udga?agﬁga%hg{l)lnp t?ﬁl@éﬁ%ﬁc&aﬁé} 09%35{1@1%%? éggdf]r&lllﬁlfeegitsewrr tlrﬁl/“'hnucl eic acid"
or " polpgnioohaokildeld chedmategtaphy dAqryteibthatis tleqiredesinant spetiespekentn des and
polynmers thereof in either single- or double- stranded form. Unless

speci f IPCERASIN FPHRSRIUREPYEiRd. IR @aTHEY @Im}aeéig@lealégsagéref@ﬂtﬁmm@ known
a“abogli?‘a%i %ﬁ%&y{lx‘%{ ﬂﬁﬂ@tﬁﬁ%&ﬁé’ﬁﬁ Meb&da gx%l’eﬁn Stngt f3h 1 fdiend iRERPe Hees as

refere an bol 1 n o]

t he ce nucl el c acl are net zed In a ner simlar t
nat ur altéryn tmoifred! denodés thatcl meldidasd obptotss gpeheserdosssséntid]lg ahetlandainpar t i cul ar
nucl ei c, acid sequg‘gce also inplicitly _enconpasses conser vai)ei vel y nodified

var i antteofmehrgie g, farticglegynid meaas Bakibes nyelsicactd An RBRKID 1k (Fagioph BYENt ar y
sequentes e apeilfably A eak%oﬁgﬁﬂiée&?oem% rg%tafogaégg%{ §§%§) re. Speci fically,

degener at e “codon-substitutfons nay y generating sequences in
which the third [p8]si tA Chigaald” e¢fersas anapent.set £€pelgpémidealflothes attdethid S
substituted with_m xed-base and/or 14 23 AUGUST 2006 WD 03/047420

PCIP usepabisebbinding (¢ AeRPRKIRRECERIEs (Bat zer et al., Nucleic Acid Res.

19: 5081 (1991); &k i . : - .1985) ; d
Cassol e'g al .)(138%])5?%01&3% il:rr?lm’e?n g&n?h%@g%:{ecﬁl%gg‘ﬁ%g%gg @91881&% ()199?1)n).
The t er¢fersitolagiagertchad bigls wathda high affikian JEHh yffinityhrefemeo an Rty and nRNA
encoded bf%/.a gqe_ne. S [62] The terns "polypeptide," " pe,?ti de" and "protein”
ar e usé&ufficient & weberpcRhasRlpEirs L)t ©wlgvantgesrosss e ol therabilipf tosgnibeantly d

noi d r earptaToL e S Yadfha BRARGATHEAR KIRESp e KBS 00 0T Rt ural Ty

OCCHIT I ipAgmadteitically irélevams covdehtratforts e 8abtidonkbntradiofis fow oi ShanédBoap] BTMI) pol yner s
and non-naturally occurring am no acid polyners. As used herein, the 10

terms &0 68piaamplail aed Bieyre S c Remeexegplaayiseents wih high affiniiy wal bingditp & engt h

pr ot ei i . t e] , i;0-6\&S] re |inked by
Coval chpenfots Bk Ae oenct AL ubhy BRRP uRR O N Sl s
struct dize 10f ¥, 601 M. eAn agene tHaelfailg tdbémpert foribiidiegwith aoemiar jtens. One

pol ypeﬁzti de can formtwo or nore topol ogi es when the am no acid residues of
t he poligpebwherthesgentds B aansenteations dqyyes shanipi | M widl be genpidereditarnedni no aci d

Sﬁwenﬁ&fq&@]gémpto@& c}t‘?ﬂé)ian%int?oﬁ those of skill in the art will appreciate
that thetwo to

ol*ogies can sonetinmes al so be represented by two different
am no [60] “Viral 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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aci d sequences, e.g., two sequences that vary by conservative c33RUST 3086
addi ti on, WhioBe47420pol ogi es can be referred to as a "firstPcangdossgssecond, "
this does not necessari ly limt a polypeptide to only two topol ogies. The

5228: 19a |®ﬂn°§1£ %F wg%??%{;‘gnﬁﬁfffcﬁcé?#gy lgeﬁ@écg%&ts@gﬁlﬁ‘talcf% f-vEosyl ati on,

phosph@iyl areAn260: ostﬁsommp(hgssol ald Cddsolfe@ kL. Qz@mzm Ross61@pki. Mol €egpt or
t opol o is determ ned, in some enbodi nents, )l/ the cellular context in

whi ch t eb@r%%&&u(h%%a)ec“élmt@mn nucleie aeid dsused interdhangaablyi witlegane caph by

t opol o S ﬁ ar.i as_a result of interactions between chernokine
recept %3@1 %‘eélg% X Ol%yhaegen(edl mer or multinmer formation) or with other cell

surface 25 proteifgg} |Theadfhhd RRpeptiddeqichiide’t 81I0IpaGYIntar el det er m ned by
ot her cell-specific conponents such as heterotrineric G proteins, receptor

i nter acnrmga@g@blef 1melné<e1qf@n tap pglygwapf mnlrlwr@mjmswgemﬂ@dam@sappbrmt he
menbr ane hos v E | nt. raceld ‘? &aﬁf : subulnl ts capabl e
of nod ‘?Pfd "6? H’h‘@“F 88?)%}10&66‘88 Q54 EuT I AR PR BRFEPe not

limt edmhﬁm%falceﬁas ohein? lﬁfmﬂ@rﬂwu@lﬂg WHih S acilResapdIPis tb aﬁmmstdc&qnaad
modul ating proteins 30 al'so include are not limted to, RAM

cyt osk @manahcig polysians anduatapasuraldy otauirmzg alnmoeiptd)polymausas%@@smmbrgnhtéz

menhrane associ ated _enz s, .[ 64 pol.o |de can be
ol Dr mivia S5 TRk FoHG o eheits dhdrdensth ammivoib Pt FaRRREBERE LG, *onal
ol ecU'aﬁﬁ(jgen%}l%e?éin@fétﬁﬂﬂﬂ'a@f&ﬁes‘i’due@gﬁﬂirﬁ&& bylcBvaAlent'RpEM Bnds OPOl 0gy as
descri bed herein SpeC|f|caIIy different topol ogies can be identified by,

15 23 AUGUST 200663MD* ﬁ@pologvmfcrma/ﬂhwzmmwsnd sguctug)of@imdlesidnt ant i body
reacti I I t b d t di ff t | d
bi i ndpeibins Plcier iagea3s S BReRT PRoRYAPETHERFD i Mo mesfor mmcol og) cal
di scri %M%l@@whéd th® amifb die€ ;@mﬁb%ftﬁ@pmywptm i diftReR R MrebeWailemul at ed

by smal | ecules), and 5) altered ul'ar responses, e.g., in response
tolbi garpdrtimuimhangno 501{1 8&fueliitrecandom t\ramOpologmsdfhosascﬁfesﬂml indhenart wildl | y

occurri n and ti mno acid as a 0 aci ogs and
e apatafe BYAE R fpof i et rcimE ke s s ey 6 SrBNLENRS Y
OCCUT I i, s@é‘%éﬁ@e&aﬁ'gdscwoméﬁd&]@ésltﬂatwy é&geﬁ%Wcﬁﬁg&s Iﬁ"é&tllh&h%ﬁleemo‘jed by
the genetic code, as well 'as those am'no acids that are later nodifi

e.g., tMgaw@ndaleu afgrred iq:asr t)‘mcicytg’ land arfeacend,3 tlals doesvess ph@smmblnltmm no aci d
anal ogs fer 0 co ounds ane. bas structure
26 a naelPerigr Qoely v GhaRER BE apoBEy of 15aRPEE 3 En MRR 57 Sound to a
hydp OQ%ﬁlfatﬁ)nC ééﬁﬁ’éﬂ&n @R EPy atith, @éﬁﬁ%’tﬁi lﬁﬂgylﬁt’fbrﬁdegiléﬂdplatl@n g,
honoserine, norleucine,” net hi oni ne€ s OXI hi oni he net hyl sul foni um
Such amhdaspggnﬂam crmistphwseho@laylpoubsr f(xengale Chcmblsuc reveptoniopaiogy iS5 ed pepti de
backbones, tant ﬁlc emc th thurﬁ asg.a natugrally
ocourr ﬁtﬁﬂa}ﬂe ,Oméelin& embg mg)tggy & cellufar context m W ¢ chemokine recepfor 1s
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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15 mnetics" refers to chem cal conpounds that have a struct ure23AliGUSTS2006
di fferent woosmiHer general chem cal structure of an am no pagidoz/bsks t hat
functions in a manner simlar to a naturally occurring amno acid. [661

Am no acids may be referred. to herein by either their comonly. known three
letter eﬁv’nlaéprﬁer@?t aﬁyb?%reéﬁé‘ﬂ?yetl{cgdlna%llﬁﬁ%ﬂc?qaﬁélgﬂ%?éﬁél%%’?tlB&FY;tzﬁéhffflrJFﬂ&C- |UB 20
Bi ochermaa bile RGLAfiLlEs, 39 BTt Sl Mand Wi RRL it SIeRE) difB¥miGdief er r ed
to by tlﬁg?drb c@gngo‘ﬁly 1aSégZpt eeg Si %a?e- etter 2%8%5. FG‘?l " nservéltn?vel y
nmodi fi éce.ydiffeeentid abdjiplte bmdito abdbhbastinmdatad by sianl malemiles),cand O diteredjuences.
Wth respect to particular nucl ehc%raci,d .sequences, "conservatively nodified
var i ant&lulpiIesnonsesye £h A EsPoRsed? dsand Wadipgar encode i dentical or essentially

| degt i cal 25 am ggaciheIBHSREGT el S TEnkBIDELGED, 284 Gufigas not enoode

an amno acid se nce, essent 1 al ent cal sequerices.” Because of the
degenenmino afids bewgk aehintnoCaid anato g3t @mimef acidimnimetics that fingpauraces wil |
encode any gi.ven protein. For instance, the_codons GCA, GCC, GCG and GCU
al | en&saaer ailanp dbe patp@llyosenrHBE amEpsacids Napually peRiing Aniwackls are al ani ne

is's pe?ﬂofsié %Hcola)éd ﬁl%dgé&egé pc?de(,: g%\ggl&mﬁ%ﬁopeeal 1 15 %Eﬁg tﬁa? ﬁ?en%te?iné)g

correspondi ng co escri out altering e enco 8b‘f"§'pepti de.
Such nhglwikgprating ywarbadyghitsnm de.eand D-pResphoseine. aAinines acid whalofs @fes pne speci es
of conservatively nodified variations. Every nuclei¢c acid, kK sequence herein
whi@h ep@aerands shas Bpys ihisspme basie sheraisel straeiureas @atyally. pefuaring AEine agidy i at i on

AR ) BA UL i : . .
nucl ei £eatl fuboR i is Ra®) aithtaealid ot P HBLE o' it GRS SREGTR' 1
met hi ogidug, e.ghtomh&¥erinehhdareucihepmethivaing splfbxide,antthichfnedetBdFBInRE06 WO

03/ 047420 PCT/ US02/ 38555 codon for tryptophan) can be nodified to yield a
f unct i Snelt tyalogsdiaye medifing| R ataups (e pcedieyringl F medifind peptidetbagkhonas, bah of a

ct | Sel hplogd aletiing) 9 mediBnd sentelecbadhonss bein of
cequeoniit At i R0 Srpaht TR bRREul Sk Sl Reig T RAEREL 227 na

i ngs vi ditmleticS réfezab ichethicahSomptrings thahbavera satekutd thasisidofféretuedrete aci d,

pepti de, polypeptide, or protein sequence which alters, adds or deletes a
si ngl egenfraiehamical Bruciirs phan apaiocasH, Ayetharfunctions in a magger synilydodnc oded
sequen i ; S Lvely nodified variant” where the alteration

resul tg%%aﬁyﬁgcﬁﬁgg%%{ﬁ %lc\é%' of an amino acid with a chemcally simlar amno

acid. Conservat {663 Subsihbatids aaythabbfRgedtodierélh by eithacthe@RaihonBi mi | ar am no
acids are well known in 10 the art. Such conservatively nodified variants

ar e i nkeeivm thremlettey symbodsoordin the ae-leder sypdiolsrsepmmended bathe JUPAR BB peci es
gl Oge, 1 8Nl PALELES:Re EBGRYG R eot eI hRe! Ak} B8] @H dGPUPS each
commonly accepted single-letter codes.
[67] “Conservatively modified variants” applies to both amino acid and
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

16



conservative substitutions for one another: 1) Al anine (A), G yBiAUGYST)200§5
2) Aspartieoa¥0d43D), G utamic acid (E); 3) Asparagi ne (NecT@sud/aaine (O ;
4) Arginine (R, Lysine (K); 5) Isoleucine (l), Leucine (L), Methionine (M,

Val i ne : Phenyl al ani ne. ( E Tyrosin - Irypt opha 20 7

Ser: nec‘é‘g“,foﬁ'ﬁ%'ﬁt(?ﬂﬁ C?“I’?‘? hlﬁﬁ‘ﬁi(edé? y’éﬁ? gllfnr‘fﬁoé%gy,ld?\?épté '%ﬁﬁﬁ@eé\a (see? e.g.,
Cr ei ghiA@Bord Py, @h&1SsifchPBhalion bf QhuclBere RNV REE cffods€APSINBEptidde bkt ihS
determ ned by conparing two optimally aligned sequences over a ‘conparison

wi ndoweackisseibredtshquanos.t i on of the 25 pol ynucl eoti de sequence in the
conpari son w ndo y .C rise additions or deletions (i.e.. . . as
conpared to the \rl(v gré?gggglgﬁ’tféh PR PGS § lﬁo‘flﬂcff)‘f?(ﬁnfzseéhaé&lg‘ﬁ?]isc%ﬂs or
del et i oisditutfons, RRtLARSr AditBRATENL nleik faf@idt, VEhtRIB O de, i@rqignCENt age s

1 8
cal cul ated by o[et ermning the nunber of positi onsﬁg? whi ch the identical
nucl ei sequenat whisk alberscadidnor dalétds 2 eingl¢aming eud or p smalh peteestaguenaewot o yi el d

th moer. t ched i tions, divj.di th nber, af t d .30 iti
by t hoCER 1 DRSPS CRARRRE t R onnsE o4 K VRH o] Ao s D AGEORu L1 pl yi ng
the rgsHid intie LQf3tikRiod bBhtlarh}e RE GRRLRAEMRAIIP SABRGRIACIRA I ty. [71] The

terns "identical" or percent "identity," in the context of two or nore
nucl ei Consirdsive sulpstitytpapibleeproegiirgfuestionaly simiiap apwww anidsare evelldopowndes or

supseqyence hat are the s or. have a specified, percent of ami no acid
7l e s Syshaver ey it b Varan sage e od BGmoE 8Bt 420

PCT/ USR8 rstre \ilPansd MRerpectes hoRf18ds MG difeles oPBld i, 65% 70% 75% 80%

85% 90% or 95% i dentit over a specified region), when conpared and

al i gned for naxi B6%h cdhe Edlbomdeeight goeps eech comtparansom acids tietareor desi gnat ed

regi on_as neas e of the follow ng sequence conparison

ur ed.usi ng. on
al gori?WGPV%VE’&EW}S‘PSQ@FP%%}F%M vi sual inspection. Such sequences are

5 thenppai daimiReAysapripNG)al |y identical ." This definition also refers to
the conplenent of a test séquence. Optionally, the identity exists over a

r egi on2} hat Aspartit a¢id4B), Glbtaotic 86d (Hucl eotides in length, or nore preferably
[72] Thetenmpasrne [ HYamis er cent “sim ar ity in the confext of two
or  104yror ep hiﬁgqps,i%@ing%ﬁ%ences, refer to two or nore sequences or
subsequences That havé a
5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V);
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W);
20 7) Serine (S), Threonine (T); and
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

17



specified percentage of am no acid residues that are either the23cAUHRUSI 2006
simlar asw@eBi#isd in the 8 conservative am no acid substigcdyy@psg@ef i ned
above (i.e., 60% optionally 65% 70% 75% 80% 85% 90% or 95%simlar

i fied i on. .h i f I I i.de, e.g.,
encod HE BTEAoR ROl UE PHPT ALt Ao e s St 83 resbiea o Sate o0t 15 SkQ
I D NO oderande I YRS/ WO Imp MEEMICAIFRE &F ndhGmahd Rl drilenddR e m

correspondence over a’conparison w ndow, or designated region as neasured
usi ng ooreparison winddw| dralesigpated cagemes nomsywad using oak gbtlict foliswing sbquemasiual
al i gnment _and vj su.all i ns ecti]gag. . Such s(ggueaces are then said to be
"subst SHPPAISPY akgomiinas or byghanys) aligment AR VisyR ARFREGUI, | 34k SCHFBFESAT? egi on
thai i gheAlaili®a 8k “albRUhiRRy AIFhAGI ACHAS ddhiliGDALY refs oS oRpRiiiBEY Over a
reg? on 1263 %lhat |Es at }nela@}{ gg@%t' 100 to 51(50 or ieotglos %T?{errgg{g é%nno acids in
| engt htes{ ségherieor Optiqualiy; ehecidemtity iesiots oveypregainl thaoinet kesjabowte0act s as a
referenc sequence, to which_ test sequences are co red. Wien using a
the ngﬁaeﬁé%

sequene%ﬁ%ﬁiﬁam BH. o gers RrRfsrabDeater & fesionhat skl 18 Q0 ofmotent er ed
into angggqgﬂgg{n eﬁ@hsequence coordi nates are designated, if necessary, and
sequence al gori tlh program paraneters are designated. 25 Default program
par amet ers can b§r2jsehe osrmelfsimmiiarity,i” ve ppeedieineil aitg diin tie deatkigefatvecr The
sequence coqpari,son al gorithmthen calcul ates the %ercent sequence

i dEht i MOESPGLAREP{ide sgaishicess R EBQ OF P SeqRenCEs PHBIbpRGugRess dhat §%Yﬁfénce, based

on theg Eﬁﬁ{jgg}o%ﬂ{agg‘é% Biitho defdesi O%sctﬁzm%% LiRRp Tﬂ’ﬂét %ﬁfé"%}%ﬁﬁa Qe ! N

includes reference”to a segnent any one o € nunber of conti'guous

posi ti thes coatercitéd dniamatideubstivuione defezt dboge (730, 60%,fopoion@0 6566,605, usual |y
about 500 tooabog)t 2000, nor e usual |y about. 100 to apout 150 in which a
sequenéoniiont e otiyard P Vo siEilap P 8 BeC HediFEHIEOIRE EIHEC SEARSGRMfifer of
contig 1ti ops L. nal } Met hods
e e L S TR e S b 5 e
al inn8RQ IDINGdgareiRET WOr01/1y6pg mihewtorapared end alighedtfecmaginmm by t he | ocal
honol ogy al gorithm of Sm th and, Water n(*ian_ 18 23 AUGUST 2006, WO 03/047420
PCT/ USETesRassisnge) oven p CRgparisgihvindgy ¢f designgtod region aqmepdingd UsHe oisidnment

cear cntPa Ry NEREQ AT ARtris Y ARBRL He b chon PP et g il horBdl?

Acad. $Sadh setitohc8Sard4deh sai/todatRubstanitiaibyl sintifak & n®ptiadallgnhisoientith esietsal gori t his
(GAP, BESTFI T, FASTA, and TFASTA in the Wsconsin CGenetics 5 Software
PackageVer esegen that satieasbabog 60 pnmeasidsdn isnghl, pF morq prgfarafly oygr)a regionpy

s L T LA
al gorithm that i F733ui Fabiequérae cdmberison) typicpBy oaatequence 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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sequence identity and sequence sinmilarity are the BLAST and BLASAUGUST 2006
al goritlumsQoasaby 10 are described in Altschul et al | (19¢t)ushkrgsssAci ds
Res. 25:3389- 3402 and Al tschul et at (1990) J. Bi ol . 215:403-410,

t s f BLAST | i | abl
e bugt( YA fbtiaFafts a2 it B RoRHGRy AR ot ?rﬁngw. of Rl nd V! 201 €
(htt p: /Wwoneeing bvo) rthom iAol qg/4)43 S%hﬂhﬁ sédrdPfot biiTlarity ViR JfiFedfson gignt i fyi ng

hi gh scoring sequence pairs by identifying short words of length W
in the ldpmay (k%ﬁ’@m&meNav\Muwd@z eUSAnéS 264, bl compyarized ymsbmntpbsmaqfve val ued

Sequenabeeepigiints (KB BRSPS ST, Bt BERsa ainuf P BB Ot et o

(Al &sc mﬂfweatre Phokafél EebticsTO@SBuleNGER! 57ES Géke Thoadadveds:t Wl)t & l%ﬁﬁ haiftg] seeds
for initiating searches to find [onger HSPs cont ai ni ng them The word hits

are extaéltgdmni andbusual ingpecsion (swase.al dngubshertnl s Eyuient Brdtecolas Malecidsr t he
cunul a'éé g) nent score can be increased. 20 Cunul ative scores are
cal cul &8ss %SUPE}FmﬁEQ Jeotide sequences, the parameters M (reward score

for a pair of matghj noay eﬂrﬁn@%fa@hpg@ﬁﬁmhh%s@maﬂw fR R niSEHerEent OF
m smat chi ng residues; always < 0). "For am no aci d sequences, a scoring

mat ri X seguense dimbty(mkl(sa@mnee sinelarityiana tizxt BASS aod BLAXT @risilgoritmhs twiectwor d

P80, e RE L B TP AT R UL AT, 5o

C umul at(h yeo)Scefog MOLs14: QOZ—QW rB8pebfvel: SStHark %ﬂﬁb?fo%%ﬁgﬂtﬁg‘r%algées%e or

nore negati've- scoring resi due al i gnnents: or the end el ther Sequence is
reac he(publﬁhle/ ashilebTe thrayghi thhNatipraal &leptee fog Bigtedhnodogy Mfaetationi ne t he

e

10,  M=Reqibnicd p8RAHEPSPEP ?cfeilﬁ%og3§ho?ﬂ%l dSbf léﬁ&iﬁ whR "thé%%ﬂe?? s&fabiteSHAKENCES,

t he 30 BLASTP program uses as defaults a wordl ength and expect ation
(El5of eitber math bheatisBl OB MBI tBeevalueg t}nmSquld<sc(os®@ weami dhighed st aHend kDT

1989 Acad, Sci. USA 89 t

CXnocs 4h¢ Siiae neth in 4 GASRase Soquetine. TonFelbne bt e S EPORS0R oo FRis. 10 23
AUGUST ﬂ%g%m mt&ﬁﬁpe%ﬂZ P AR AR S thok . oBLARTacA LRkl B al 5o
perforns a statistical analysi's of Simlarity between two sequences

(see, enigiatingsnatches writhdlongatiSPy cﬂoﬁi%’r)mﬂmm "JT\thWordAutsch;re sdended lusboth
90: 5873 578

asure it the BL orlthmls
the - sRPFEEt ARRGERETAIFToe ST PPk etPBROKT BBt 5o 0t BaPREIh 1 ne
pr Qbab'ddrﬁl)’laﬁ?% 0Bfe§ Qreaca%dm&c?{‘slﬂgtf&‘ﬁﬁﬂléoﬁ@e Mﬁ&%&fs' tﬂ@ pRfanfr {101 @@\hé}d
sequences woul d occur by chance.” For exanple, a nucl elc acid i s considered
si m | arscdre for a weofenaiehmgqcmdlme aIWays’me Oparell N geenaliyscorp rfmbatsmatqhmgj n a
conparison of thettajst nucl .ei c % d to the reference ue% cla[ is |less
t han  residues; always < (). For amino acid sequences, a scoring matrix 1s 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
(E) 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
BLOSUMS62 scoring matrix (see Henikoff and Henikoff (1989) Proc. Natl. Acad. Sci. USA
§9:10915) alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both

strands.
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about 0.2, nore preferably less than about 0.01, and nost pref e?3AHIGUIT2096
t han aboutW@.@@®17420 77] An indi cation that two nucleic aci d BEQUSNGESSSOr
pol ypeptides are 10 substantially identical is that the pol ypepti de encoded

by the first nucl gi | dni i ol ogi cal cross._reactive wi.ih the
anti bodi es rai sedﬁgga?ﬁé&{‘ﬁgﬁgé%@g&agag eﬁﬁéﬁﬁ%8ta§§}lcaﬁﬂ]§h)§séscégﬁ%e nucl ei c
acid, ainiesyebpetniRlodequehbetysecie RQIKMPRPhhERIth¢hul YIBOSAPFOE. BWBSHaM K&l |y
identical to a second 8ol ypepti de, for exanple, where the two peptides

di ff er B YORB73c008dbr Vae ingesusepfstimilantyqevidehby HerBLART etgorigu inie two

nucl ei ¢_acid sequ e 5 bstantiall.y..identical is.that, the {wo

ol ecuBETESt FROHEOES AR EROl R Bif e analut Al s SrBEI o Bichden:

condi t irRAish basvedB 5686 hbEBothR! P inintPici @8QLBRIes Wil ESduPBy Eldice! ROr NucCl ei ¢ aci d
sequences are substantially identical is that the sane priners can be used

t o anplexmpliehe nueleigasittis cofsidredmimilphiossts feremesequanat ifyhg smaliast summi vel y)

bi nds to .an.anti body" or 2Q "specifically, (or _selectivel I, mmunor eacti ve

o the  PUPATIE L PP gaiion Pt bR e Soubio Bk rereie Bty A i T g r eact i on
whi ch izogtes. 2ribRajrk éabyf 1ebNtBaPite 098, 81d hb& pRéfetaBlyledsthidSbouPDRPENCE Of a
het er ogeneous popul ati on of proteins and other biol ogics. Thus, under

desi gnat ed i mundd%kayAn onltiatipotisg twheudeeeciidiseguennts dypoiysphdescire o a

particular pratein and .do.not bind. in a,sjgnificant anmount.to ot her

b abei mubspdialyfadtiihs il pishelPepies fiefas Mg S BRANL R body  under
such coRelnbRRscalle¥rdR Fetctife Rith Y drfti@dYiet Paded sgast tﬁ@?&gp%ﬁfde'eﬁ@oded by
specificity for a“particular protein. For exanple, antibodies ral sed agai nst

a pr ot dhesehand ngrlein acdpyandesathed bekyu eFloes, @ polygeptideyis typycatlfy substantially
pol ynucl eoti des of the . invention can be selected to ohtain antibodies
speci fil‘i‘fzi‘itlf’@l P BriGFS YRE\PBQ%f?rrFx@Wﬂe’ BSEeHRR PP gepiles aﬁf %O yﬂ@f pr ot ei ns,

eXCept oblerPR ARG RMtifork AR PindRaHBH Rl ¥y Phud ALALAYERRAYe] g ML S My be

used to 30 select antibodi es speci y I munoreactive wth a particul ar
pr @5 ei subdtantialy ademitieal it timvthedwd amdenyesamdhdrACHalambyts hgbradize to each other

i mmunohi st ochem stry,.are routi nel sed to sel ect. nonqcl onal anti bodi es

speci f REST SFRgERE GRIALIRRS; %se&’es\m'ﬁqdi?e t ?WO%@&}H%@&@}%&WWQW& acidane

Ant i bodj aak ; | i r L4 i NY (1988
a diBRncdd &@Q@s@ﬁ?Wﬂﬁ'&h is tht tHe SPhd gxglgkﬁo be B4 tb%ﬂ%{ﬂw the ( )

for scription o noassay fornmats conditions t can be used to
det er msexpeapeci fic 20 23 AUGUST 2006 WO 03 /04 74 20 PCT/ US02/ 38555

| east tu ce t he TBRE kg BUmtEse yRacaly (o ScleoSRb HER © gpeeipiy r et han 10
i L e i
or modudfatsitng bimling waetion wakhécddtereliyative df dengresaneelofthe peotein iwithe 0 and in
VIO B o oY a Ketsropaneons papulhion of Brotems Shd other Blolagics OThiss, dader
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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| i gands, agonists, antagonists, and their honol ogs and m neti cs23 ABGUSELEVE
"nodul at orwo d3nab4zdes i nhibitors and activators. |nhibi L Or Sp & Es(39EHAL S t hat ,
e.g., bind to, partially or totally block stimil atlon decrease, "prevent,
del ay activation, inactivate, desensitize, or down ?ul ate the activity of
chenDkllﬁTéﬂlmét@pttl‘dF}‘s T:@l@ally, aﬁwgtbmrwlgctlmaqi@pd%l te@raé eaglelitiee thqat | 10 e. g.

bi nd t are ncr eas cLiv te nhan e

not 1 vk O bn ok BEHE AREmoREPicp B kit 10 AL SRLERaRIBRES ¢ cceptor s,
e.g. agO_nl sts. Nogpl auﬂﬁlsltbﬂacl‘u@l@va@ﬁ@ﬂbﬁd ‘frh@dulatoﬁs ‘Bf chéthbEihe fédgptbnt er act i on
of chermkl ne receptors wth: prote| ns that bind activators or inhibitors,

r ecept CHYILY aieluget] togefer o nﬂaémsy,cagtmt@a,cnewbﬂ@m r(lQiP@RQS) respeqiislys, etc.
| at. neti.ca r.s ccurrl ng
cheroki e e P SEPingGR gt A e BEiRe BREnh ol G o afE R e
nat ur a|lig\én&§36wrﬁ$t§191nﬁa§dni%bénﬁﬁtﬁﬂlbﬁ hbm@RSs Snd mANERXGO MHRtterm B@OMIlAHS, Snmal |
chemi cal” nolecul es and the |ike. Such assays for inhibitors and activators

i ncl udemClédfg llmlbWEW@gctM%l l;rénbtmnratagﬁntmbﬁp@@ndsnd t9, patgielly orieptlEssi ng a

chenoki ce tor nd t hen %é%in the f V% f ect.s_on chenokine
recept &1 OCksS A Oy ecé%aS&éEEYfi 4156 lo%‘fﬁ e¢'% e%glglf@%’ XIRBF i si ng
chenokirBe14t8 GePIcavity BREheth skikdreb et 8o WrltdboRisROt £0H v a0drs Bfeldo¥at Bat,

i nhi bitof, or modulator are conpared to control sanples without the

i nADbi teg., bind tq, etamulate orcrepsdudpencactivae,dacihiatee enlremce retavations sepmiidelirtupon.

Cont r ol d with inhibit d |
cherokTRE R HRaT F SHgoNas GePiae G088 Moe B o e BB ABRIER ecept or
i's achleeg\/eﬂteml%nnt%f&tlsﬁs%mu{&% ERE WGl hrokdils thyPhiHe ab@ladlrd e to the
control 1s about 80% optionally 50/o or 25-0% Activation of 25 chenoki ne

recept onhlbsora,om@me, intledingKepotienseduptedrrecappare (GRERs ) |1413asmetne relative to
t he c % % opfiona Iy 200- 50 r 1000- 3000%
hi gher &éﬁ% %ﬂegﬂ?l&fﬂ?‘hﬁ %)PﬁWRR% ag P0G EHEnRS Cpg %ﬂgqerrgg%p %lant i body
r qut i ‘ﬁg’éb{dsgé 2okdth ﬂ%?édb&ﬁ)&n& eﬁ%éll"dsﬁﬁﬁ@ﬁly%c@ﬁﬂrﬁgsan@r&%ﬂeﬁé %’ﬁdsPOt ential T

breast tunor cel| receptor topol ogy phenotype. cell lines,
CEM NKranagdmsta,rdgamstsasmab bhelmahnolnaﬂes%mmbk@ Such asmj'S\fmtlthbiws and i - CXCR4

ant i bod .clones. 12G5, 17 172 1 Stron ti body reactivity is shown
T ComTeOn T £ AbE e R ey e AR AP Ner 7 oA
VB- 231 Aad o\ dvBhtts 25 theﬂ\ﬁbﬂeﬁnms% B3RS ¥1TERE bA cREmBIERE FecdRoST @i ni ng
with any clone tested MCF-7 and A 21 23 AUGUST 2006 WD 03/047420

PCT/ USGn3Es 3s iscpibad alarven Samples onesskys eoawrisuig ghemiokinegeenptss thiayare 172 and
but no Gb. .Thick .. bl ack,li.ne, ant,i ackllne
20 nedrenn e B aostata) oty iR or Bk Rl Are e BEP PR g il
demns"vhﬁfohf‘t%e ibi%drl BGivalPForimodlil A6 18 eRiRME (e HELRGD L intiPEiBh PChRtkol ON
different cell types. Binding conpetition profile using

samples (untreated with inhibitors) are assigned a relative chemokine receptor activity value
0f 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-NKTr and Jurkat, as well as normal PBMC were stained with the anti-CXCR4
antibody clones 12G5, 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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5 1251 SDF-1a as the radioligand probe on (a) CEM NKr and (b) M3mRAUGUSTs2008] |
as 1 51 |-We@3nmsmad) as the radioligand probe on (c) MCF-7, ipgydydabRsiisng

di spl acenent experinment with a conprehensive array of >90 discrete viral,
human and muri ne chenoki nes and chenokine variants as cold conpetitors. The

per cer1B-Ati Semorsralorweakdpastiviiy Mathislpres rlé’ 1; K2omd i3 Byt %°t6§rG5 &higbh and
r evealbléﬁa%mes%td@(éﬁg ant b%& %.Fg%l%l? ﬁl s a?&%e?%ﬁl%%m olfer, 7 but not CEM NKr 10

cells. e’bars poten I a tion >80%; gray bars,

potential noderaf8i]t oFigh@g Alutirates yindinghiaty dehmonstpaingeedisiitt BD¥ 1 bl ack bar S,
little or no affinity (inhibition <60% . Results are the mean of three
det er riisRla¢espnt bmdmg* ﬁsamrlatr @nérﬁf%r@@topeﬂdype@ gindiyg cqlamtltm@mﬁie ysing

| l.usty. d ffi b

cem NP AR mb PRt B Bl MO B R G n 15
Fi gur aiséd we kiR rﬁH&@ﬁQ&hdfp%bedﬁﬁ@ mmnﬁﬁa mmgtdisblda@m@m &BBHNbSTwitlppen

squares) and MCF-7  (solid squares). In each conpetition 1251 SDF-la is in

conpetdompphaisivie azray of d9¢ dinprete vixad, hugieerapl imeingshemdkioas el ch[emkmla gure 4
| I ustrat 125 TAC bi t CXCR3
bi ndi NORRRAP SELS BT TiRE A PEigrr TPy Sraob Gl GBREinfofineha B car oa
20 chesmisl PR SABDEIRA 2hSLINT BRFRICRpPle Pl MCE @rﬂum&ts@tmuar es),
es

excess o I nhibit any CCRSrTE|ate I ndl ng; open triang
eXOes seBRFWhita batsppatertiabhiighafifynity(Raizbit ior S8V derby baisngjterﬁﬂﬂ eodelat)to [ 84]
Figure 5 ill us léﬁ&)es conpeteitive %I nding data. T CR4 . antagoni sts,

CCX08 0e™(&BPIH b BioBdpHra dci)0s Db e, BhF oF Be FIEBIEIeh SV -cal | y
wih Rukéad @Pﬁle%lgofmeﬁf @%a@ioﬁflﬂm% Bi3Sire OGBS ciGARpEL I Ll on 1S

det ect steris was al so 1 nclude conpetitor of 1251

SDF-1 a bi ndi ng owzpotmgﬂmmuamﬂeﬁbdm{b@nson chigganddlindihg uﬁ'tmmyesdof CCX0803

and CCX7923, are shown in the inset he preagl cted 1.C50 val ues_of. SDF-1a and
i

CXCR4 sRREIAGHY P8 CEMAetandi MR Faf- eSf‘d?QS?ﬁ pRigntiah highatfiaboheamndy idegtifiedim e, 30

83] r \ CoRE 1 on
di ? f erl.p é%%y © ‘?Fﬂetcfg%gl 1@%‘&&%?8{5%%60% ﬁflcﬁst r aP %gfﬁeﬂ?@h%g%%?ggﬁt a.
22 23 (A8Kd Sghiadddf) Gn AR B3 ﬁﬁéﬁGSIFE{ITFU&QEAﬁﬁﬁﬂfeuhSﬂ]wiﬁ Deu1€ c8mpétittrst r at es
cell mgration data for different cell/ligan conbi nations. [88] Figure 9

i | | ustchemekinergs iizdiedtedul ar Ca2+ nobilization. [89] Figure 10 illustrates
ant i body react| VfSE*Y Cﬁ%ﬁe 4 illustrates '**I I-TAC binding on MCF-7 cells is not due to a

classic CXCR3 binding interaction. The ability of '*’I -TAC to compete with the indicated
20 chemokines was examined in the presence of buffer only (solid squares), excess MIG (to
inhibit any CXCR3-mediated binding; open triangles), or excess SDF-1a (to inhibit any
CXCR4-mediated binding; asterisks).
[84] Figure 5 illustrates competeitive binding data. Two CXCR4
antagonists, CCX0803 (solid circles) and CCX7923 (open circles), compete specifically with
25 2] SDF-1a, on discrete cell types; no cross competition is detected. SDF-1a (asterisks) was
also included as a cold competitor of '**I SDF-1o. binding on both MCF-7 and CEM-NK.
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 I MIP-1a: binding data.
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5 DETAI LED DESCRI PTI ON OF THE | NVENTION 1. | NTRODUCTI ON [90] TRAYGUSTA0p6
i nventi onW@ 683949 t he surprising discovery that 10 chenokP@®uUseeIspisors form
different topologies on different cell types. Different cell types have

different |igand Cit:Lcl -4 p%qil/ﬁ gtion. A
topology is a sta{tgzje o}ﬁlg Sﬁgﬁy‘éﬁ?‘g%%gr@% é“ig’}%h?lg%t%?@}adi?ﬁ%%o |nleéé?ecept or
pr ot ei mpmbiatibey. ent t opol ogi es can be encoded by identical pol ynucleotides

and can have simlar qr identical am no_acid sequences. Different
t opol ogi es of a dR&hoiliigwePdbesiaiss HErellYpLe e OB | es and may nedi ate

15 different biolgg cah i : Lans. [91] Differences
bet ween t opol ogi Jgﬁ’fca‘r’?l%lgr@gfs)?gurs%}gtltegg@?&ggr%ag&gﬁg}dg@ by one or nore of the
folbowing criteria: [92] 1) Antibody reactivity - Different topol ogies

encoded by a given receEt ar gene xhibit different staining profiles in
response to a panel SE TR FRGRESUON QF THB INYENIIOMAI  ant i bodi es rai sed

agai nst reconbi nant proteins representing the receptor polypeptide).
D fferent topol ogi es can occur when the identical chenolcine receptor gene

is expressed i MNTRODEOTION! | types. [93] 2) Ligand binding - Different
t opol ogi es encoded by a given receptor gene vary in their |igand binding
profile (i.e., tHQ bilhe presert lavqmlen@mwcg@éhfz swinnyng dzsepvgrsdiget e | i gands) .

S T . : . ¢ . ¢
1 thnasian ShindlerpEoBTbrb ARt GG 4t Al BHE S, JHR LG oPRES o °
Di f f er anve ditforenolEas ocitiditd phiiynadoBigitafeaRe&RinadrfugRidg. & @Fblag'y kid fateby

di screte organic small nolecules (or sets of small nolecules), sone of

whi ch RBfPrAERfa pratsit (e a ehemolingaecepty prasin).4Pifferaettopmogiesanthsr ent

t opol ogj e . by [ I o} ene. conkrol .or .i nt_different

oi o1 og Ref B @il lP oS B8 B haye s S b RO el it ex .

They ditfiffefeanopéllokies ©0 Bichétholind 1B& tb1HhvE Aisdiinct pi6pértid Midahapmpedilg possessi ng
different |ligand binding spectruns in different cellular contexts. Different

t opd| odifessentibidlegienl and/drpadiolegicel fupetiangl ar functions by differential
CPghal ing 1 n 8 f 12Hent HPOR P A o ST b et T AT o7 omt "
pr ot ei Bfie or Rbfe of tht jowiheciegssent invention provides nethods for
identifying an agent that o _ ) )
?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 [95] 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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specifically binds and/ or nodul ates one topol ogy of a chenoki ne23rAGRT02008 Ut
not a secow@ o3b+4t40pol ogy of the receptor. Such agents are uyggiudo288sss
t herapeutics for diseases or conditions associated with a particul ar

h Ki tor. t | : t t eful  f det ecti
R g R R S S
or pregggposition for a disease. In addition, the agents are useful for

identifying and isolating cells that express a particul ar topol ogy of a
chenoki ne recept dP6] 10THegupsentinyentiongprpudesnaatheds faredengiéying ampgentithef ul t o

bl ock viral. bindi ifi | ogi f a.ch i Thus,
he agereangiy tadtad i ind GBTaR ol Rra o iy b Geha |
| DENTI FbGATE N B8 ok Rek 051 e CHENPSL M BECHETIER 10681 oNovlichopo! 0 es

of a chenokine receptor can be identified by a 15 nunber of nethods. To
i dent i fassemdted wih eiphitcuiasgbérngkins recaptot topslogy wdylaredver,tthp egendy are psadwli ded and

screened f.or differences in ant nicity, ligand bindi.ng or qQther abilit
2ssoc doEd il e CnimRp ety et Lfpksesr o bereob iteshe Buchrgta
suspect 5dqigitlon PPl REMke Ofn AdGHGTRI déé,gréts hRORKA or ihgﬁlfyﬂl%%@%blﬁﬂgt he cell

type can be further characterized as cribed herein (é.g., or
ant i gemndetls that exprepandgaitiaudkrrigpolsgsadf a dheinekme eepiarni ty, function, etc.). As

demanstrated in t he exanples,.differential |i d ecificgi.ty of the sane
rodBot or i ndi cat d37k nap SveRBTRHim . e 32etS pes youi 19 BRekvie diedBEIbs of the
recept Qhecifi@ 9c]pol stofR&hefhokfle |r§ce§ﬁﬁ.e?ﬁ%gtlﬁaa%eﬂt§_ra¥e tﬁkreﬁﬁtfl)lypre'!fdﬁtiﬁg BF

enbodi nents, “cell types known to express a particul ar chenoki ne“recept or

wi | | beraasegvirgbiefeptiansy chenoki ne receptors include, e.g., CCRl, CCR2,
CCR3, CCR4, CCRS, CCR6, CCR7, 25 CCR8, CCR9, CCR10, CXCR1l, CXCR2, CXCR3,

<aposi ‘1F sanDERITHCATII o RGeS Shur vt KaerEROR ouna o
Protei n-coupl ed qmeptm\&atda%logzefﬁlcbf@/éﬁ&noﬁiﬁé)%cebt@realhl%id%ﬁ@miweﬁts, it is

not initially known whether a c type expresses a particular receptor. In
addbt i crymbsepf wetheds. eberiennfy atllfdpeeifintopdlopeessat lsashtws c¢lbtypes are peovadadcer

o enidbONReEH e DR oEapBr e BT RESL e Lot e e cel 1

types exemBRisie feceptdE.O0RENABEI Wp@%kgﬁéﬁ%%ﬁl el BpBRIe9Tof a thsmaidpder  of
cell types can be screened at =~ 24 23 AUGUST 2006 WO 03/047420

PCT/ USOR¢ep8BSthe tapolagymn thacell spstcambonther ci@racerizgd ag deseried Bereinde-g15, 20,
R TR EE TR T B D
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, CCRS, CCR6, CCR7,
25  CCRS8, CCR9, CCR10, CXCR1, CXCR2, CXCR3, CXCR4, CXCRS5, CXCR6, CX3CR],
CXR1, CCXCKR (CCRI11), (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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receptor on the different cell types is compared. In such embod?dRHff4ST 2008
| i gands caKOB&YHAY 5 nol ecul e that binds to at | east one Popalsogysed a
chenoki ne receptor. Exenplary |igands include naturally-occurring chenokines

and ot her.. I I : lagy [ i e

fol l ow&ﬁegt?rﬁgacﬁ qu%e_sﬁw% 3&%%@&’1{&2% > 6@&%&%&&%@%&@@%&&6,
CXCL7, catX@lBreemChtDne @X@. 10, CXCL11, CXCL12, CXCL13, CXCL14, CXCL15,
CXCL16, CCL1, CCL2, CCL3, CCL4, CCLS, CCL6, CCL7, CCL8, 1Q CCL9, CCL10,
CCL11, ccL12, cdifi] maome enghgdimentsythe fgandhinding pyoperies @Ef hemoking 20,

21 ot ni"Song oy HEereitc fps iSomtigh T oS R R et 1l

sciseenadleoiletths bitidsfte hieledst 684 lopblogeD faahemakivie r@esiot.| Exenlylpiydidahys t he

bi nding of at least 4, 5, 6, 8, 10, 15, 20, 30, 40, 50, 75, 100, or nmore 15
| i gand@clyde nalyplyresgurrneobpmokiact sl etheesmallinolsedes. dExaulayshagokines bi ndi ng
properd.i of | of t i ' i nval, ri the ability
b “EnenbiBet e s e XGRSk R T R LT CHE L2 RRSH: R of e

chenokCHELseCKTIH, CHICII M UNESS, CXIEES, €XOL10,@%Cl.ng GXCBI2,,CX¥cL13,nmunol .

164: 2851- 2856 ‘&2000)' Dairaghi et at, J Biol. Chenr. 274(31):21569-21574 20
(1999)CXESABEXCLIA. GEER)E, GEBL T2 kGl GRLA KL IaY, CChE 5l GEL% known

i et C di . C I ¢
| e oasthy SRt OE P LT R A 0 Bt gl e

ConpetCCL20, @SB2Y, €A cate3l deladfColLy, CELIR Ta7aind CONRE!L 5iHe.gl.i gands.
Statistically si?ni ficant differences in affinity of a particular Iigand for
t he safletmideceptlofmewpheksbl @GA0E) fferent cell types indicates that different

t opol ogi es are 2 ent on t different. cell types. 04] I n_some

embod wents of  He2heriouey ol Babidaseisred Ftn g iRl bt ™48 sol i o
SuppordreatReeTyicdly, th&6ialinB & f @t leadt 4, SURIER10/ 19, 20,20VEb GVERIN (0 oSbel FIC
THERAPEUTI CS BASED UPON PROTEIN TOPOLOG ES 30 [ 105] Modul ators of chenoki ne
r d8eptligasds arecompgisdi st s or ant agoni sts or agents of chenokine receptor

activity, are us or treatin [ Lian diseases, .25 23
AUGUST 2006 WO @@%4‘5&%&3“"%@‘?%%6@?@g%bﬁrﬁeﬁ%‘éiﬁ?%%%‘gé’?p&r&c G ot
hunansfeotedtiaEliganne fHvek eyhieashrizgnhdshitityestitBeipotehtidd ligMiRIO BbMpEte For a
chenoki ne receptor or other inhibitors of chenokine receptor function,

i ncl udendipgef akaovniigadrafitbechemokies feecpipr fHpisHise Jesf ¢ Smvesiirgel@., &l | ergi c
di seasgs, and 164:2851-2856 (2000); Dairaghi ez al., J. Biol. Chem. 274(31):21569-21574
20 (1999). Competition assays are well known in the art. Typically, a known ligand is 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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conditions, including respiratory allergic diseases such as astPAYGUST 2006
al lergic MR H/47€0 5 hypersensitivity lung di seases, hyper BERZISII/IFHISy

pneuroni tis, eosinophilic pneuronias (e.g., Loeffler's syndrome, chronic
eosi nophi l i c pneygy)i B)iscA8 HHaitivREMRSMS BPbitek Yhedoles wHidH @b HeltfeRl | UNY
di seases (ILD) (e.g., idiopathic pulnonary fibrosis, or ILD associated with
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such an dermatitis, eczenm, altyﬁgi c.de;{ratiti s, al .erg[i c.contact dermatitis,
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car ci nela}iesgutahinasteativeasesgich amsheumatmb anasti, sorigticButhkiiis, trtudtiplenphona) |

mel anom% 1l ung canéfp\rvgéa}tﬁ] roi d carcinomas, col on.cancers, |iver cancers,
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di seasggﬁ%}m?g |t|’oanl§&:’l¢1ml\%ﬁe{t§%£ungés]?ie?g% glsie%\ I[Tgfrfar%rtar?%r%&ﬂe' é’ggnses are to
be i nhirbngpéohtatron),hecltdiagtaldgrafingkcttbnrg graftivensad-host miseaset; indlameeypetyf usi on
injury, 25 atherosclerosis, certain henatol ogic nalignhancies,.

cyt okt heveldisrases. vk by s digease subplicerati gl SPagYIGRT OBNBISR)

ool ymyosit] . et Ut o

enceph gclsl%r%i/itmag ?éﬁrsgcﬁ em &éhggfclelg ﬁ%ag%ﬁdsg {r:lg,ﬁé) Zatnrd gg@%@%&&na&%‘ |csn al chord
damagesuchrat delmatitis, pd£2n]a, Blopeateanatdtis, alierdictcontast ddrmiatitig msticaria;otdseulitspeci es
whi ch can be treated 30 with agonists of cr]ermki ne Eﬁit%e tors or other

pr onpt & &> BT KF I7BCPUSe Bt BIPCTSERRE VIBHV2SCHHE) 1 RpemPBY Mot limted to:
| MUNOSLPRY, s ihd¥@din S [ i.epcy
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f 020 autmaimmarm ducdiakaasiaomn), glinblastdmasy glibmagjymphomas (eqarBurkistigmphanayer apy) ,
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in recBislagPmag lyng : Tt_hm% CARBOES PR CAFTS IB'GPE?FWEBO?. BB SECHct i on or
ot her Eé"b'ﬁﬁlséan@é}ﬁl,tﬂaﬂﬁfeﬁﬁé EHReRl RAATRA caRfhARSsRANRAL LdICcHERGRASE Brain

i ncl udi ng, but no '
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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linmited to helminth infections, such as nematodes (round wor ns)?3 AUGUST 2008
(Tricl zur iVOI08/04B2Mt er obi asis, Ascariasis, Hookworm Stron@giraisd/ zsss,
Trichinosis, fil ari asis); trematodes (flukes) (Schi st osom asi s

0 onor SR hiou SRS RSVl SS9 s A By

Toxocargpited @Qﬁlnﬁﬁﬂhhfebﬁoﬁa%dh% HeBiatddes (rétﬂldgivomﬁi)i T Auripfs, Erthopiasnen za
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Pert us ’ftg‘(?)or”ffgfl %Fl%(’odgﬁlfﬂg)slg%#ode %P%P’gmf‘{)/%%&%’ Olcc%ﬁls z%ﬁ”aﬂﬁ/Enl ngitis

( Neb SSQh‘Fﬁ&aﬂd) QyBiYeFbis); Visteral wot® VilceRpRe (ReraRl (8., Terasdegyf eri

Haermophi Tus B eHaenzophl lus influenza B); Pneunonia (Strept ococcs

pneunz éakiaephiliy 9$ﬁéfpmt(:1$as (et Msalt 9p1. zZPhocaminhisher 4t cutaseyniabacnigrangi n

di pl zt trid t
recept rundiaR e B St B U UL & BRSO R i R a8 user
in tregkbmbteyd df%hemblﬂfl@%cb%gg gﬁfggbn %ﬁﬁ&{tﬁé&?gﬂﬁr?ﬂt@g‘ %&ct’rérggaliﬂegﬂlc?;@uch

viru |

Hepatitis B titis C
Pol i ovias lﬁ’sﬂuSBméne@eelaneqym)s Ehelerd (Fiikyio Golengd); Meeningatis @lidseria [108] The

| at f k t or di ngl ful i
o8 or atRuiah B RS ERE PP I P ey ok ey Graioseting S "
| MUNOLRGIE34 BY, PrehiSid €5 Pepbrb g ﬁzﬁe@%ﬁmei ﬁﬁ)%b hiéhelRid 58y, DiphiMdiuses are
known to initiate cell inféction by binding o chenoki'ne receptors. For

exanpl éCoiomebaqt@wrodzphﬂvgese)wdﬁl“ea@uﬂl(ﬂlom e teémg) Agausts of etemgkine Annu.

R 0; 1999 t | . B t al.
Ser ni nFEcpfis At Do rBmp RN epier FRRACHL e eisd gl TokeasP i3bog) ) “and
POX Vi hitfS@forsWaéh @qnﬂﬁemw&uylﬂép%uﬁ%eﬁesm&s B; ERdpafiis € MilasleSRUBBIEES
286:1968-1971 (1999)) bind to cells via chendki ne receptors. The present

i n¥&nt ivoms; M@mdd@bfe@rPwmvma,sTapanquEnmphghtmgn@geﬁo@vutxat\/melﬂﬁ event bi ndi ng

of these and oth ses t the |cuI r to

recept ors. Theseﬂiogslnt egpélu%é%rls&f R %ﬁépggg%$$®\18%¥$8gﬁ0{ ﬁ&ﬁgcqrgmg&event
and tr%@éfuwnrtﬁé Wﬂredélﬁféﬁsaﬁﬁ trem@fen® $AAWI @ vaEY ofin@dmmberPhid@s to chenokine
receptor le HV strain X4 binds to CXCR4. Pox virus nyxona binds to

recept mmwlamsmrmeaseshese viruses can prevented frominfecting

opol ooy of e SHERoRelEer il FRE feiEv R Bat® it G dindise

preyentd femokihetdpiits. EbN@lanfi€ HattAtetoviisbs@sh ab BTV @stebeg ! 1 6@HtEA saCcCOr di ng
to the nethods of the invention, include, but are not lintted to the

Ret r ovidvindaRev. Med| 3 2o BN Farolammymé Today 39:88\1 99N eBersoicér Cdss'eimmse .
TR R 0§ oM MR 8L Y20, LY IORS R e ERgE. 5o
AUGUSTn%Q:@ﬁla virus (see, e.g., Lalani et 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 CCRS while HIV strain
X4 binds to CXCR4. Pox virus myxoma binds to receptors CCR1, CCR5 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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WO 03/ 047420 PCT/ US02/ 38555 retroviruses such as Mason-Pfizer redmU@USTi2008;
BLV- 11 TLV WetsoviHeeises such as bovine |eukem a virus; Lentpeqigishssgasgh as
human i mmunodeficiency virus 1; Spunavirus such as hunan spunavi rus; as

wel | as Pox viruses,_jncluding the Chor ri nae, .e. Ot hopoxvi rus
such aSClPYBRsisHoR At ,Sor_pﬁg m%&ﬁap@xfﬁwmegus%ﬁuﬁ%m’qv °such as 5
f oW pOYeyYbhbSyin{s@ PEhRAIXNIshdSasS ﬁﬁﬁn@ﬁmﬁﬂl%ﬁ@ﬂ?&ém ViR 1 Fﬁusﬂ"ﬁ%%ﬁ 4s such as

nyxonma Vi rus; Ui poxvi rus such as Sw nepox Vi V) Cl poxvi rus such as
Mol | ushumanepmngnmsum well aqux \andes(éxtcmphngthet&lcsdmﬁmxamnﬁ(a,baag nonkey tunor
virus. ‘A Mt hods Identlf Modul at or s of To ol ogi.es aof Chenokine 10
Recept 1OPQX¥FTUs AU %\@FCIBfa BRPRX VIR AR g a’p YEoeYPSXEHIT SBE i i zed to

deqt | fabpBPSIHLS ¢ A@ﬁg?ﬁqﬂg'saa{e téﬁ@eﬂp@(Q/llrquLe%%Eb&\;l?ﬁssgﬁcﬁ G Gl O

partlcula t opo acermlne receptor in cel particularly T'n
mamal Saxpoxelrﬂ&uchadsxemppm ahdsyMotlubeipavie sich aslMolhesoemadontagesns, t he
screenlng ds i nvol ve screenlng a plurality of agents to identify an
agent f’rﬁ'ﬁft’a P@}&l&%ﬂl\ﬁﬁl% ‘gbagmankey tHmer ¥BR%i ogy of a chenmokine, for
exanpl e, by bi nd| ng to a chenokine receptor, preventing an inhibitor from
bi nding to a chenokine receptor or activating a chenokine receptor. In sone

oo o cMIRE B R O S
enbddi nents, all e8KS ne receptor topol ogi es are nodul ated by the

antagoni st _or ageigt A ffinber o%@ﬁ‘?er@d%@&@éxﬁﬁé‘gﬁyto&ﬂb @ﬂ%tutﬁ’ize&'ﬁ) ikien
topol ogy with at Ieast about 1 0, 50, 100, 300, 500, or

1000 t agemts tﬂlhtanadililaumtheyleaél af hetl\ageqnﬁlmﬁmnaofmmlarmlwyof a chegmitime

enbodi nent s ent lf?dstooeto ol o yvvltq than abjgut OE
0.2, 0MRePig BecElIS Pagiculliy mapala P ERmEGal P dengs ccond
t opol Of¥ms,4he cheéﬂiﬁg”'ﬁféﬂ{bﬁs Eﬁ/@ﬁ/@tsgfeeﬁhg Q'ﬂﬁﬁaﬁ@ﬁﬁ%eﬂté%eﬁﬁ@'ah o BRltiatSCr €ens

can be conducted by screening for agents capabl binding to a topol ogy
of 15 cinderadts mthraapeplﬁora topadogt ofl aeta‘stnOkm@efanfexamBlea@ebméu@do mtbmhokmed are
.0ors. The bindi ng assa i nvol ve

i kel h Ki
clon'ta agﬁ%ﬁég’g plretr{'gB ece I bltgogﬂg‘%ﬂﬁhﬁg tq g chep n?)%ﬁ?@?%‘yrvﬂ#lﬁali or nore test

agent scianchigid 1%};1& %fsameleﬁmbd%nw m® aﬁlwgohiaﬁopig%ﬁt ﬁaoaﬁﬁtés Rl acR9pPts to
forma binding conplex. Any binding conpl éxes forned can be detected using

any of ofoniy nbetopoioge'sifatwﬂlcmhlede savabtyt aghhottassetoridpupelogPr bt e bi ndi ng

assays | t not I i m te i nmu he cal. bi ndi ng, assays,
Frow eybotibeRy. af nsiirereceny® iirloniShare Robietre i 381 6Gyis6H S20BRE oK me
I €52 Pt BY some EnbddhReR] Aheagﬁﬂtocﬁms% ok 'tdéi with Uit BFRANS, 288 £, p@tural Iy
expressed, cloned or synthesized. 28 ST 2006
20, 50, 100, 300, 500, or 1000 times the affinity of the agent for a second topology. In some
embodiments, an agent binds to one topology with less than about 0.5, 0.3, 0.2, 0.1, 0.05,

0.01, 0.001 times the affinity of the agent for a second topology.

25 1. Chemokine Receptor Binding Assavs

[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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WD 03/ 047421) PCT/ US02/ 38555 [112] Bindi ng assays are al so usef#iAUGUSF 2006
i denti fyi nYOdRdG@hous proteins that interact with a partirulenserel ogy of
a chenoki ne receptor. For exanple, antibodies, receptors or other nolecul es

that bind the to gy,.can be identjfied in binding..ass 5 2. Cells and
Reagent s [113] TROACHERRRY o AECRRRT RN e AL
Vitro roteif€ttlat PASEG vﬁ&ﬁﬁiﬁﬁﬂc&lﬁr féb&lBQy §§§@5§n@(ﬁ@e REESIS. "RA eXhifplel he
chenokine receptor can form ferent topologies in solution. CfeII based
assays agiahodies, yeeerftorsroe dtlien nmhgcudmltlhas bind théhiophlogy ca0 be idembKiehia hiedingt or i s
expressed. [114] Cell-based assays involve whole cells or cell fractions
cont ai AT a chenoki ne receptor to screen for agent binding or nodul ation
of activity of the topology of the chenokine receptor by the agent.

Exenpl ary cell types that can be used according to the nethods of the

i nvention includé, e.§ellsandRezgentsl i an cel | s incl udi ng | eukocytes such as 15

neut rophils, non e nacro hages,. epsi no mast. cells, and
yiphotytes. subhihe The SFraRa AtFRds 6 e P CBHRE R PRI £ & HPhomms.
tunor gl |3§sed%£‘£?§ hel Jigh a6l Sre é)effbﬂ?ﬁéatlbl?e%tt‘ﬁe cﬁéﬁ&hﬁ&r&%tbﬁemffyﬁﬁ' e cells,

breast tunor cel ovari an-cancer carci nomas, cervical "~ carcinomas,

gl i obl di‘{feu)asrm:ﬁqpollogxmmcselmt]sn k)eﬁrba;edaedayscambui)anﬁlmmdm aetdlls jn whichel | as
u&gal ell.s, includi ng Iyea t. Cells can be primary cells or tunor cells or

£leckung reponigh 15 §FPTes%dcel | |ines. OF course, chemokine receptors can

be expressed in ghl4 ?deehaéas&f)as%ﬁslﬁw@@dvﬁ‘olécel Ideﬁ%a%ﬁoﬁ%%ﬁﬁf? § chenoki ne
receptor. In sone efnbodi ments, one topology of a chenokine receptor is

expres shnﬂnaimmeepttgupe sofeen édbrl ag(emt tgndmaoﬂmedmatldmmﬁmtwﬂy bf thevapolagy of

carci ngna vi cal car ci honma, r Kitt's |ynp I i obl asto or a cell

capabl theshemgl BEFLEPIG Vﬁ%ﬁ% pmp?laﬁw %\ﬁvlar eary %%S@éﬁawga PBIVYS i s

EXpresafthodl ofthe & ﬂoﬁ Jlucfey 9% %@ fSmhali c&%ﬁnh l&ﬁéolc {signGg! | not
capabl e of supporting ectfo a V|rus |ne ceptor does not
netessaeittophily) Inyoﬂmyms tmanrbplwgb@ go@mophilm uﬁs@hlla,gﬁam celds) ahélyapheeytey for the
ability oint ract selectlvely Iate any one t poI and not bind to
or rmodiRae T sHe apd Bhsile 8%11??&13%%;9811 Y&ap oy%ﬁua}qryels mef%alfé

" CeDt fbrob AsIEeAIRHRE LA mceﬁp?@aagﬁlﬁér c@ﬂe%ﬁfaﬁg%xcgﬁcé:r@llrﬁﬁﬁf(&%ap nd or
modul at'e a subset o t 6pol ogi es , two out o ree topdl ogies) while
not Dbi ndcmgnm ghiotlaktetriangliver atlls, kidnéheells oqndl regioaal odlls) dsewelhasnfohgdl ne
receptor 5] Any chenoki ne recept og can be used accordi n? to the nethods

of thece lsn% mgryeagty Lrbls 5A1 be REMAR; GFHS PHUEIE 671 ortherdupesof gnmopted ¢ heppki ne
r %p él?l{:%?’ churtSﬁ,gﬁgfrﬁm&éﬂﬁ)ﬁ @aﬁﬁ%@teglfnse’ssegwm@fha%rg?lcont%% CCXCKR

partlcular 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 1s expressed on a second cell type
25  (e.g., anon-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, €.g., CC-chemokine receptors CCR1-10;

CXC-chemokine receptors, CXCR1-6; CX3CR1; CXR1; CCXCKR (CCR11); (CCRI12), the
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recept or s wQB274HCRF3, Kaposi's Sarcoma- associ ated Her peBaTnee/8RGR,
Poxvi rus nenbrane-bound G Protein-coupled receptors; D6; and DARC. 1116J As
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bind to or modul §tlélt Ke disspesedghovd, agendeeanrie seleoisditobindetr modsbatond cell. In
some enhodi nent the first .cell is tunor ce whi |.e .the,. second.cell is a
mon- t e EPpapeise dhie B ehiESes gt Tofullifer < B fne"Bsal ey Gigrors | s

| Nc4 UdRcefofl: FolkxaRple, GEMELEan bR skoen @V RE 'th%rhbﬁﬁ?@@ﬁinﬁ% bBmoRBh £HYst
carcinomas, glioblastonmas, 10 colon cancer cells, pancreatic cancer cells,
pr ost atopote@yadia cheinbkine kéceplor bainwd birgieblog modkiate thamepmiogycefld sscorfdr ai n cancer
cells,, bope cgncer cells, lung cancer cells, .testicular cancer cells,

Bar ki t CPOREBRErRocel) [t SR BURENG, CErF CObUmE SFLSE L s | ncl ude,
e. 9., MoondBeiZRle nd¥thmof cellhy o @i‘ftjeréi'ﬁ@)g@lé'f/t‘lﬂﬂgf ceffERIb Sy LREGRERS S (€. 9.,
CXCR4) can regulate the growth rate f tunor cells by nediating

prol i f mchideye go breasttdapsen kel pedrianscanmdrrcais lcbnvicat cagtignabs,. gliohlastomas,15

enﬁ)(c)di nts, a specific t.ogol 0 or subset of ]isg olo |esr) an stinmul ate
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(or to i I C : e find
U1t tss e doplr Ang HADEAE: AL AR Shneel i BIGERR ity oLISBENES cel'l's
t hat chmphemasets,tand daikemin dedls. Boehst eanoerscell$ iohee, ¢.gpMbd4yMBR3 1InMICR second
t opol ogy._.include, e.q, nocytes, neutrophil imature dendritic 20 cells
and ot heFR {Tirh i Digi4da5. Cormekiag spopiossicith GRARS 4 Teatlaiedhe @k 7% nat | ve,
two of ISt : =te : h ihd to a
ecept o P R R e MR RN Pl Bl
Si gnal embodintentsi 4 ype2Hic[tdgdadgySoymabienof @podlogiet)ycanfstimuladpcdregycedf a chenoki ne
receptor _can be determned.in many ways. Faor exanple, .signaljng can be
meas ur@ehgvam- AT Y, sefeau&qqy ulplg W%ﬂ@la%(ﬂfgg%fﬁ?&}éﬁ)f? A ShETPIERe o
nmodul ' ' |k j J: . ' nmobi | i zati on
asay o eaenEAbuL A4 GEE i HER T Lok Qlectle o Sthger iR POPT 11 25).
28206-9 (1997). @gr Odet exeapiyrynexdls diryedshe wed o ageayfolr nodaldBdroof oneosi t ol
30 phosphates, as well as phosphoryl ation or dephosphqryl ati on events can
al so LEPAISSY OFF BYf.a scend topolggy nofudent &, MOROGtes, NeHUTAPE! I RaNHE dondrifie74- 1178
(1596) e?i@‘%@%'ﬁfé? E]mm h&?gicglgc'ei@é@ch ’llgég At s, [aSLRk alt&n%ggé, H,9BfHdownst ream
mol ecular events can alsSo be nonitored to

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 descﬁbed 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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determ ne signaling activity. Downstream events include those 32 AVGUST 2204,
mani f est aW@tEM780 23 AUGUST 2006 WO 03/ 047420 PCT/ US02/ 3B6BESedmtssoccur as
a result of stimulation of a chenokine receptor. Exenpl ary downstream events

i ncl udg, a(t%c&n as ﬁ%g&ﬁé{fs o Bin | gﬁgﬂéﬁ%%gg%‘? }?:Eb Y QR M 8fediy P01 d

tissues ISSUES changed state

of a céldludepeg., cell bﬁmsuelréﬁpbns‘e@su@aamlﬁdmldpn&mt@fllymhmdqas@@@r(ecgelI to
net astat.i ¢ cancer cel g as well as infection éa non-viral 5 pathogen such

as a b&ctERP)ahegst Gis: CBA) ot ofber tiraieds Phangedrpigtend acel] 10 s EOTRROTNVEE her ei n
al so g&?c%ﬁ?&férﬁiinggﬁ/ c(g?%/ @P{BE %ta&tdtld ?gncgln&?l:) F? Q/(eh s ﬁlf&%th?H)S{ a 1%?1—J§1ratl

responses I nc

at t § acpathbger( ficH as a%aaaﬂklpﬁaaiomtm Ipblasitavaﬁbwreélﬁngss,astusémlﬁeraalall@ with
i nvasive properties) to attractants (e.g., chenokines). Chenokine receptors

have aFBeomRsssesttlsdeyelapmeatef iaflpwimatipn im Hesue e Cell gesponses dicluded 10

Y 6: 1 3 1999
Konal SEARpt R Rovplor Sl (83 G ReBre o Biss Else P bsmmibet ade | "oy Tl
Bl ood, iiB&si8R46€g48hAor( 209 Qlth idvasivePrdperiesh brLatirctbiat (08, Qfen@dl%gs})S' s (see,
e.g., Berndt C. et al., Proc. Natl. Acad. Sci. USA, 95:12556-12561 (1998).

15 4 Vabm@hmﬁ@wepmmlav been feundde bavend ralain glaﬁebémﬂvranemmby any of the

oin n| n ds can.b er, te apparent
o1 PoeteBRiaRarents- SR LPgs o Tl ABnaschd i ¢ PYokeuRlEe o A
rmdel Set a'thloPESB%OfﬁgE@GO)%d%l&Beﬂ@&h‘Kjﬁ Y BIYES 966@%12110%&@0009) A | ead
conmpound identified during an initial screen to an animal that serves as a

20 nodwsiellfas thenndueimnanfdpoptesis Gee.ca.gvi Bemdt Cf ertadhe Podve Nolli Aend: SciepBdr is in

fact the di sease or condition is aneliorated. The ani nal
nodel s g'ﬁ? égd'?é]r(lglé@i dation studies generally are manmal s of any ki nd.
Speci fic exanples of suitable animals include, but are not limted to,

primates, mice and rats. 25 B. Agents which interact with specific of
chéhoki ne recept érs [Viahigatiothe agents tested as nodul ators of at | east one

topology of a ¢ k| ne pt or.c n m cal aund, or a
bi ol ogi cal entit 3{5? WB@%G‘?%%%%&PY Oﬁﬁ@ %liego’é?éls TOE pi d.
Al 't er nafekalk ¥an H@Hh‘hﬁ{r &rst%d@aoamﬁtaﬁ@ ahparaitla¥tivity. efrreférab fﬁ@h%ﬂlafar@

chenokine or other ligand. Typically, test conpounds w be smal|l chem cal
30 nol eendueedawith mqab]edmmalmsbm|Bie|bﬁ81arfgnm19ﬁmdnlmctb¢a¢mumﬂvwn be used as

a poten nodu or _or i.n, t.he assa s of he i nve al t hough
mo5t oRtmimiRER s Comapunifietiisdiuing ad 2 EYsclten b G aniined e o &
( ewecmhbwfophﬁ%m%e§@étéﬁmﬁﬂg iP08 cH&B6kind Fe%eaaﬁaxﬁ fachfpddREdGRArb:t O
screen large chem cal libraries Dy automating the assay steps and providing
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 cherrﬁcal
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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conpounds from any conveni ent source to assays, which are typi cBAYCYIIN200H
paral | el (WO3/047430 31 23 AUGUST 2006 WO 03/ 047420 PCT/ USOi/138$R538555
mcrotiter formats on microtiter plates in robotic assays). It will be
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MO, Flukd, Sbphidrkaf BiepsiBaBosihoinad, )ﬂc‘ldiﬁlé]ﬁgﬁﬁf(St I XED), anghchaBe 1lohg, | 1 ke.
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Sebend sttt Bl
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agent s 1,.&kdalforslapd tipsdyee s&scs:bssfhanld)f,)Od&Qﬁ)géO%aﬁ@@dOMDOg&lﬁmabThq ty and .
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"+ bond a7 Srall 578 O e et B fitigb e gegousn Aol OB en B PR ot
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e.g., Lihprantkisticst inaludmég:hzca[lhsgrplfmh|thanragge1Resv1121311§h@5n<(1&@9:¥1)we1gmnﬁ0nnd 15

cI ses that are bi cal orte are, typi.call
o <Pl SRS TR HReTY Prcemsipb St GLbAseR P BRGNP 2o AN ERn! |y
aval | ab, & aBg 6 Egﬂﬁs‘#&’ et BlY ad fof0 G %@ﬂﬁ"%br‘a'ihan 5 H-bond donors (e)\(/gl essed as

of N-[ 3- (di et hyl a Ypropyl |- N, N-di met hyl - 1, 3- propanedi am ne
br ononehéigum bf @ifisland N}Ps)il)zhemg a fhodaoelab yerght hmisSOIOnbamng aLlopRowarts. (oCCX0803

, II | d de. b d ti
0 o5 (MEREE et SR Tk sre il Rie BCcbiits (apbnesd Sl oPhor s di ne. by
met hodsywgldl o4NGYs! i ]%}gfnsﬁi;-éta.%Dl Lgelzwe,slmrm% Eyefiéggg c&ﬂg{ﬁlgbook o

Preparations, ‘2nd EF” S. R S er & W Karo
Hetlér oayaslséscthﬁtm@w@tei farBiolsgit 4l ttankpyortetOB6 pypiEilyyedc eyt s ao the ndhem cal

Technol ogy, 4th Ed Kroschw,tz, _1996) e pref rre
embodi ment, hi gh [!?ﬁ]o%mz%éff’%grﬁ%&5%&%"%@?‘%& ﬁwlagge ﬁ? Rgda

i A SRS A PO NI S AR
Such  "brombmathybbicsitlo(ha i)hept- 24enb bwmeﬁmds tmowh g tredhrd. | BCEOBBSecaFegutdrien
1 br ar ) IR G R PG R D er e Bl Shr YR NGl di spl ay a
S gt 4 o P e
actual eg h@rgpeulimcson GI oup 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.I1. 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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[1251 A conbinatorial chemical library is a collection of di ver$eAYGIEHH 2006
conpounds YWérBnat«ed by eit her chem cal synthesis or biol ogirgalyusayBgfagsi s, by
conbi ni ng a nunber of chem' caI "bui | di ng bl ocks™ such as reagents. For
exanp .ILﬁgar co |nat ﬁ) 23 AUGUEI) 200? 3/0 7420 PCT/ U

s/ 385?%‘%1%% CH SYBP APY y?ﬁ% eal YIS IYPER oY §eMy }“6‘?%1?93 8 YPHd by

conbi nivagdm el (a8 in &W lsbsgﬁgléwﬁfss a(gmlr&@ @shﬁ‘lﬂembﬂﬁ (E¥efh¥ possible
way for a given conpound l'ength e., the nmber of anmno acids in a

pol ypepiiiaher ebapmoragids ina pbiypmtld@fwm@nn@alMdlmrp@lﬁ nhlgm@alrpommoum}anah@sl zed

th h t | ks. 5 [126
pr epar aT ST RuRE i S b R G b Pl Ports oo 1 Vel 1 known
to those of skill[1bey thepdtion 2 GRreeRRionabMbinaloriaN@¥hi&! libldkalsivdl | ncl ude,

but are not Ilmte to,” peptide libraries (see, e.g., U S Patent

5, 010, knewnFo those ofishtill in the artPépuch cAnbinatoRebchengal msvamgmcqmgugt aggbtHought on
et all,.Nature 354:84-88 (1991 her rating chem cal
di ver5|ht“§11tqdi %r%ﬁﬂtlégﬁéé?ﬁe%&% I&ée ateyy ﬁ?@@?&ﬁ%@ géo %{& are 10

not |i gyt i fmencoded
pept i dg’g 4(%2 %93 (lpgg‘rﬁﬂ%ulg@tg? |66%P%tg§%2§gg%2§§agb? om %%ﬁ%ﬁ%t;fo%}mf?x‘: (e.qg.,

PCT Pu tgencxatngmMMI\m'erQ@/ lﬂﬁélﬁ)éjs)c,an latsobedisek ehichebefistiies, indudg, bitadre No.
5, 288, 514 di.versomers su dan i azepi nes di pepti des
Higbs gt lsalﬁed Ergaiodle £ Reaungtrion S B9 %@g‘%gﬁcoc%ﬂmﬁeﬂwny| ogous

pol ypepidepsy{Hagh b@o@afabz&)lmn&om%n@eh%&agg;( §0PCT ?h@a’éﬁﬁ Nol993) ). 15

nonpepti dal peptidomnetics wth glucos ding (H rschmann et all, J.
Aner . GRA091)Sbenzotiderifd e. gZIBS(HEQQN)))S 2%351]4(),@wsmngalud1 s\ntdsms, of

| dlibra Ch . 2661
ey Ao el 2. s T Sl e £ o0 o
tid
ﬁﬁgl Im gi%ggpg%m%trulgg gggeeg,%uhga a[rgetBaelr g]eé%ﬂghglng?? 24%§ﬁésup a)

pepsi deonpeptidalpeptidomifetics lovithr glasos€ sedtfolding (Hirddhfhankat @nt/. ;b3 LHe8:3) ,
e Bi ot echnol o

?ZE '3? O%@' 13%519%& %fﬁﬁ%&))géwlfes%%% g@%se%mﬁ@aqswga [Zpmpping Bprrges R
e.g., %E%]g] %nef thend%HENGS: 26@?1[19"926? Eg&%xt(aﬁ%?e@)(cﬁwr_}d %cg?@éf(& gzoez,pl hes.

5, 593, organi c ari es enzo

Baum C&EN3))] md/ibeemﬂgbplﬁspl(olﬁﬁ:BXCamphe:lbetenitoJf d%rg. Uh8n. Pabé5(1994)3,69, 588;
thlazolldlnone and nones ent 25 5,549, 974; . pyrrolidines,
U's. Panelstescn ipmnesse %ih 139rgfé&n F RosupbmpBRtgs nugkig aidpat ent

5, 506, ogia [ e i or the
o 20 AP0 0592%% % ?ﬁﬁ*;tf‘%%?%ﬁ? %?f%fé‘%b%?%bé%ﬁmﬁe%.% yaedh PRI e,

e.g. %JteM?sSlog&Q 04(8/?33)9 AW @0 6 Card BOT/TSOK/10R8T)] sarbd»ﬁyeh HY)ibiSyiepreay
|\R,]a: |n: ggge\/\blt,)llaj.rrlgn et al., Sczence, 2%?5&063952%' (%8 ()s)ta% SFIg)a%énE'E‘rS 593t8%3) cs:re\lall%(r)gSa%xcpl us
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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30 Bedford, MA). In addition, nunerous conbinatorial |ibraries #rAJGUST 2006
t hensel veswabtamgreonal |y avail abl e (see, e.g., ConGenex, Prpaggt@nsgsdy J.,
Tripos, Inc., St. Louis, MO 3D Pharmaceuticals, Exton, PA Mrtek

Bi osci ences, CoI u ST 2006 WD 03/047420
PCT/ US02/ 38555 C. §'§|&i‘ P&aw&ﬁ%&@e%ﬁsﬁﬁi@%tﬁampm Assays [128] In

the high througthtzgfsmg h?Jh hid8 hﬂl&%&ﬁa&?@f the finveptiBQS61s ?sﬂSl@ tSedr&eN Up to
several thousand different nodul a%ors or'ligands in a single day. In

part i culmto,seeerehthowssinld differantmadudetons er lighradsen e aimglredays dul paicnlan eaclsepar at e
assay 5 nodul ator, or ncentrail on or

i ncubat Yg%ﬁ] ng% Hﬁ‘?fgﬁ‘lfegaag 3 te?‘gte‘i)@ TYB2SFRAUALC 28SAY ra@a@stﬂ)se&;quspo Rl test a

sing e ﬁe@mm Ur; 1f-55'\'ﬁ§entr§t1§d &9 1&1b§ﬁé}{‘ﬁ'ﬁa%‘1ff€!:t§ BRI otRIobBABLE v REERYNAPOUL
100 (e.g., ators plates are used, then a single

pl ate ccaan twslsigglfamsdylafaro%uabennglel@&dam mbootited pAG odnfaﬁsayebd)utd@ﬁpounds. | t
IS possj several different tes .per day, assay screens for up
to abo ge @@Gf@é%'é Eﬁyﬁé% ’éegltplétﬁﬁﬂi%‘ﬁ%sa}%ﬁ“e@ *nglgipgﬂt%c 352X Hem

| ntegr afipd: F(X?Eo%ﬁ O sdonfirbA aveﬁ%‘idg‘r&}ﬁ%eve f8 Jo 6J gﬁﬁ{% téé sa%&&e?él'dx‘ff&}a pgzﬁ% oaches

to reagent nani pu ation e nol ecu I nt er est
can be proday} dseaytdoecens fordipstd abeut SHOORVHN0, dlffelnenecurhpmmds amreghossisle luyingvi a

cov. non .coval ent |inkage, e.g., via a.tag.. The tag can be any of a
var 30 ﬁl%fnt%ﬁﬁséﬁw@s of thegwf»‘@g 199, Mgte ispenth Brewliids srpsoathes 04EREeRt t ag
?lenger)lgblﬁ ‘hl“ﬁ?‘ché‘% bls%nﬁe%%l%q support and the tagged nol ecul e of interest

I'ne receptor) I1s attached to the solid support by

interaction of thd20pgThamholdoaleiofifntérestaan be baiY toAhesolfdestatotohpasengnd t ag
bi nders_can be, used, based upon known _ nol ecul ar interactions well described
in the firecdy af mdgecti’%rvwemﬂﬂnéor ipRePRalgnt ikage ¢ g, Hao tag) Thedag gay be anyy

| e I8 th
20 approieiiely e BioRls fry BBl 4Pt ol bR eRSab PR LIS LgBsgdeon
of 1@n 4 smmidmnpgdrqlauﬂlﬂﬂe tagfeal ﬁloleéiﬂé bbmetres (4.9., anheﬁuhﬁsreaembr)hﬁattmaéd i nders

such as biotin are also w del% avai I abl e and_ appropriate tag binders (see,
Sl GvA | thesriscH®RoE Ay dntegtor at e tgaad thy @gRIndsg. | ouis MD). [131] Sinilarly,

any haptenic or eRi F G gd‘ ! with an
appropriate anti b gbp A or%p&gtlff %qggg g%‘ﬁ&q%'g?rus&g %%@h@‘?k%% specific
ant i bodn@lsﬂamemcwmim mllld)escmbad inathh atamdrermfrw eadtple] where aand hdyarhgsrabr e

described in the literature. For exanp in one comon caonfiguration, the
tag is wnderyior emplﬁdawnarmotemh‘b qrézgot@inr@étf cqusbezisg@ EbFRI PR BAR whi ch

r e%g ni aéﬁl% Hﬂ?e tta% Eﬁ}dePsr(%l{llla 1(ﬁﬂd1 etu'tlg{?idhp theai]fhI eQB?ly t i gen

i nter a erac Ions are al so approprlate as tag and
tag 1mmunoglobuhn etc.). Antlbodles to molecules with natural binders such as biotin are also

widely available and appropriate tag binders (see, SIGMA Immunochemicals 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 &

pPower, The Adhesion Molecule Facts Book I (1993)). Similarly, toxins and venoms, viral
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30 binder pairs, such as agonists and antagonists of cell rrenblz%AgGU é% ors

(e.g., cell receptor- ligand interactions such as transferrin, c-kit, viral
receptor | i gands, cytokine receptors, chenokine receptors, i nterl eukin
receptors, immunoglobulin receptors and anti bodies, the cadherin famly,
the integrin famly, the selectin famly, and the |like; see, e.g., Pigott &
power , Ttbpltmeﬁahmnnd\s’t(b s uplateEatdrmdsB@ak) intradeA913y yecepBorgi(é. g, wuchtrmedilams and
Venomns

. Q. t
o O e the ol oS s S e, oD Eg REds BRI Aot et e bt f ect s of

vari ous S/f@lin bl ppndss), drﬂ§s| weﬂmgs@heraic% adidtY(béth YinBATaRB BFelic’Rlynkei ds and
vitamn D, pept i des), u | ectins, sugars, nucleic acids (both |inear and
lgqsecst oerbolinids

cyclic p(ﬂo atiogpgh p RIgdes,) protgins e gekantippdieesanll iptershwidh i pi ds
and antiRod eﬁ‘fi"&eﬁ‘éok interact with 5 various cell receptors. [1321
Synthetic po ners, such as pol yur et hanes, pol yesters, polycarbonates,

pol yur eas, poI yam {jlé!e] ﬂylhtbzﬁtctpplmms, suches po}yuteﬁmngd pnleresim’s Jfpoiyesrbonates,

pol ysi ona ace al s rman riate
Pog”or ¢ g irsradel AR ey ndirindd SEl R tre SRBeR. iR b BRIFR! 1 acsay
systems d:ﬁ& ’ﬁblyb@@at&&faﬁ lal¥o férfn MOAppEbpBiete ARG A Binded. MRy Qthes kdg/thg bih@erupon
review of this disclosure. [1331 Common |inkers such as peptides

pol yet hergirs ag @lsogefil irassay sysigmydeserihed berean, @%yguldaﬁappqﬁe}twenepqﬂ%lept i de

sequegpce c.sequences of between about 5 and 200 ami no

aci d?%(SE‘gﬁ %&g %;tﬂfg% E*I exible linkers are known to those of skill in
the art. For exanp[B3] pﬁllom(rmnﬂiylkemeu@lay(qut)deis ipokyethersaarel the lik¢ cenl absof r om
Shear wat er 0 ille, anma... These optionally
nave. am JEFAhjeRy H08 elydedibme it RhebssSsnlh BRI o e P R FeeRkages.

[ 134] Taglbbutmaszoemlﬁd ackld (SBQIDINO:3% mechrmmre luﬁcbfsgaranmvﬁf todhdsaef ety of

nmet hods currently avai |l abl e. d substr S are co y derivatized or
funct i on&KillABhaAR. Fé’kﬁb%‘Fﬂ&P&f(et Ylepe %MI cr5rs HelaRl, masﬁsmtveea cheni cal

reagenRt Waigherd, e SHEhtSARAGHand! THRse 3Pk o?t'f&aﬁ&'hi»%%u&é‘hﬁl& gbs reactive
with a portion of the tag binder. For exanple groups whi ch are suitable

for attachiferdryltliskagesordwterafhrationgdinkagss woul d i ncl ude amines, hydroxyl,

thiol, and car boxﬁu?r%é)gmdémcﬁye}é%/ s%'hh?ﬁ\%ﬁaf%g'gs&%gr{gp&(f ajmlglgl SI | anes can

be used to functi i ze”a vari et sur faces TS surfaces The
const r uc tmhe@hodsfcuseintly availabde. Sﬂmasebduiampaiemmnom}r @eywam&d\uelfdncda&shmdigd in the

it t L, .Merrifield, J. Am 25 . 85:2149-2154 (1963
(descri bR SR ks shabtionegfibe bt a pical ot wbich xeeg ShAmigh P, )
I Uy Meg the sﬁﬁzce%aﬁctelz4ea{cﬁ9@mmﬁgs&ﬁh bbthegagsaaﬂdé@esblf& fupk igi PRRISE

conmponents on pins); Frank and Doring, Tetrahedron 988)

(descr i biarrsuitgble s aitechprent tora longer chaip porien sieglddnedlude Bpines Ihb’@rpmde Lsks) ;
Fodor et aﬁ«h carbéﬁ’l Eflubs. Kﬁ&no;ﬁ&lsﬁyes G ﬁﬁroxﬁﬁ&lsﬂ%s €hn 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 et 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 et 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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al., dinical Chemistry 39(4):718-719 (1993); and Kozal et al.,23HGYST 2006
Medi ci ne A¥VP)03/p%3769 30 (1996) (all describing arrays of birepmisiBsssfi xed
to solid substrates). Non-chem cal approaches for fixing tag binders to

b ' h d h h - |.i nki by Wv
"adh ot FORCGG L HETOHIE ehRE) CoE | oaiet B pRavt aaemelShr B iEsay  for

i dent i BMivig) of the BellinHreadtivnakiaEs ndtahdlade a FORRPA MEtRlutia! aré SptidRduk e t he
function of activity of a particular 35 23 AUGUST 2006 WO 03/ 047420

PCT/ USesyagsashighdp uhidopyn. oSuch ophienaliconolreasdions are appropriete andanareanedhe hat

measur e ,c ki.ne receptor ..acti.vit f the.cell jn areacti t hat does not
el uaBEDRRY Eh e o due e bt e PRt P menh bedut o8 &tk ' ghi §

uni 4 or MyesH&H iRRIde R0 a EARHOT RlactiSRCEIASh BT BieABRY TR a6k, RS ease the
reliability of the assay. Accordingly, in a preférred enbodi nent, the

met hodsoglatere centrelveantionnwhich ldodet setidea moditlatot prowve taitmnkgriand kaelnfof t he
assay gormats descri bed, "no nodulator” control reactions which do not
i ncl udB8 MV HY or provi de a background |evel of binding activity. [136]

I'n sone assays it134]! lin ndeshyabal be aBaMB1eR8 Bhld NRitHRHMRbR t engRSUT €
that the conponents of the assays are working properly. At |east two types

of posihat the cbinpooets of theasmysmervoukingtpropdelyr sAt, lezst kmotypesciposdtiver or |i gand
of . the topqlogy of interest of the .chenokine. receptor can.be incubated with
onk 62 RIPIo e aroREiais, Fiana WA GGETAE g L PLERoPIIBCRETeSF SR | ng
from apnd AQGRARREBF Ldnieli ctﬁbfateﬁhﬁﬂpgﬁenﬁn{ fE6PHE asﬁg,tﬁawﬁe@mﬁgg HLRg o
t he nmethods herein. Second, a known 1 nhibitor or ahtagonist of~a topol ogy of

t he chenzignaleesuttepefpdm an dareased adivity,of aheinokiee reesptbt datgrnuned #asadingitosi gnal
for the activity of the chepokine, .15 receptor. can be sim]arly detected. It
w11 DECTBhEl Bardln. SRcmon R BBt SREETE L8 (BN ST BRIV o s or
| nhi bi $RESto} Barl bEHATAHASHeSutthl QBcrbABIR enbier [HOGERARE Qe cHBREGASE t hat
is ot hIér (s)Ié f%:Jauseéﬁg’y t he perlése%ce of tlhel]grlknomfﬁ nodul?f%r l%?ge?ﬁeﬁ@ienoki ne
r eept oaceptafcdd beComplatly detBetsd dIt AaH b sipprE8idjedbit moidiens cas slay bEor conpounds

that nmodu] ate the activity or. funcLion of che i.ne receptors invol ves
conput Ghed SHBRCHY UGS PSR fP G @ﬁdala@wgﬁgﬂﬁgw e ded to

gener algak M % ShiRAN A0S WU GHUbR QT e ERMPKLARabEGPRE SheliBibRe ON. t he
structural 1 nformation encoded by 'its amno acid sequence. The I nput am no
aci d segegtnce 25 interacts directly and actively with a pre-established
algorithmin a conputer programto vyield secondary, tertiary, and

guaternary structural nodels of the protein. Simlar anal yses can be

performed on potential or known binding partners or |igands of chenokine
redkeptors, D. Computer-Based Assays

[137] Yet another assay for compounds that modulate the activity or function
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 sequence

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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i ncl udi ng binding partners or ligands that only one topol ogy of23AUGHSFAMGe
recept or. Wh@3/o4vé2el s of the protein structure are then exaarmnsor/isssi dentify
regions of the structure that 30 have the ability to bind, e.g., a chenokine

recept OﬁuckeTJ‘Ecﬁfsé@g{l%EfenFﬁ@%é Q$Etgﬁ't?aﬁghélﬂ%l£ig§{:gcie o pgfg{dy REAhL E’«ﬁ-ﬁ%u%t et bind to

t he chenokine rec ree-di mension rUCt Ur & | of the
pr ot ei nsystemy EMNeraatiad abiyl se@u¥neéd digoduddiyahe nacttin acRCieduariipiao@sd béredt | east
10 am no acid residues or corresponding 36 23 AUGUST 2006 WO 03/(147420
PCT/ USOFEPIEsss theEndy segrandessyiyessa esiceneoifie niptainpovlaeh prgode hissirrtyeal

recept ofl LAN Al s CATRULEG oSy TR P A% AEheL GEANIERR nCOdSd

by the nuclerc acidsequences provi herein r

sequencegudice ShlasipUENSamockidshare phietediing, thubb@putenSBeten fibe dhipuedrur al
information of the proteins. At |east. 10 residues of an am no acid sequence

(or a nfRYbeasds, gempuse iradakle sebibisles Higt moludsi b asenefdimitgddoctiecdioatf i nt o t he
t f Jt : : ‘ t hat
et o B hERy (¢ 8RR Bl SEXRRE GRS Bl RARAL e BHTSL] S0 11O

di sket tROM)} iafemati6R distritl@eBby Mfdnet Bitds Ind PPRIAM] THedirde-dndhsionslD ROV,
information distributed by internet sites, and by RAM The three-di nensi onal
st r uct uft@Erturd awidebef thppryieistie then generatehby Hisdnigracgiop pf theeaniing e¢idsequsacof t he

am,no i,d sequ e an he. conpu system ,using saftware known to
Thdle opde MG a Plint JERFATREDER R TR 2E | epr esents a
primary structurg18djat T Rie Scidlsbguentd RprREHOR priewes Stlidture that efdBdehe
secondary, tertiary and quaternary structure of the protein of interest.

The softheuferniagor seeassayie &irm the peerpdasy.dediacparebiqunjerntry spréthigrof thesequence to
generate the struc al del,. These paraneters are referred to as "energy
15"t or o ranetisl R B (nabe EREeBRsRi S s Bihe Slipardophobi o

pot ent i RhSenc B JeBfate MeGRASHIRI gnodel FRRESparameteiy At faRe PN i“Bibrgypecondary
energy terns include-van der Waals potentials. Biological nolecules form

t hd Sst rtemns.ira privearilifinglpdeleqtinstabe potgytialahydraphobic petemtiple: oluent ashi on. The

conputer _programis th ore usin hese ter encoded the primary

ctr oot FPERoP e e S e PE. SPES RN e LRER R bt P e S ot
20 [ 14QJotehiiglst Bidlogickl mbleveles fmQhe sthRteothgl MidRcRdad chdtg) Remsacpndary
structure is then formed on the basis of the energy terns of the secondary

st r uct wrugwlative fashian. gkherdomputgsprosram antherefere usingithese hearms\eagedgBbgshesuch as

whet her_t he protein is.menbrane boun Qluble. 1ts location in the body,
o 1'¢ Py B e e atifih A8 2RI dredle e SdRusiy dehrufSRLN L1 110 00

vanipabl es al ong w46} tTe eARFgtnicer®sf BE prdieinsReOdudaWNE béodddty etradtereused t o
25 formthe nodel of the tertiary structure. In nodeling the tertiary

st r uct up then fermed mghe basis pf bg easreyierap of theysdeandavbitaiciue e Shases eldbisdar y
struct upro‘lent\é\”;u% Qntclali ;g(cfed’itio"’}lrall(lj vpr}/a%rieos%ﬂéﬂ z;s(\wﬁe%eeﬁhe 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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exanpl eto bigd td 4 paticiairdiband (&L YU CBerdokih)Endibatkd thy pésehetdFa dpRcifiRitbybldgy t he
chenokine |1-TAC i ndicates that CXCR4 has the topol ogy found in breast cancer

cel | s. ofid chemekingdeqeptosi Kol examplemsiiilusiisied i Sigureldnhe phility obtKER4dancer s
' i cal | i onmbl ast . Bur ki tt'
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produci @lls PThkGhARG isandilamnaplieAsk f&ﬁﬁérﬁﬂﬁhgétﬁeh dhncefsL@L, SvaAsh tdneal |y with
a protein of interest or specific topology of a protein are known to those

of 1$ki | ¢ervipaltdancesrgliofmablastamay Burlggisilgaphomagicg; and Harl ow and Lane, supra;
Stites et al., 20 supra and references cited therein; Goding, supra; and
Kohl er and Ml st eAntibladies t, T2riget 29ateind97 (1975)). Such techni ques i nclude

anti body preparatjon by selection of antibodies from |ibraries of
reconbi nant anti b@ﬂir‘]]esﬁ%ewoﬂﬁ é’rB‘iluCéringQ_tl)écﬁoqﬁgé@%lf@n?%l@%‘?l al'%ﬂé‘%ﬂl_%%t?%tl ., supra;
and V\?’Iregct%ge&ﬁcallygﬂﬁf 2prot&iflof ﬁﬁ@ﬂgﬁ!o?spécﬁ‘ﬁ%g@'bgggg E?P&Hﬁlearé‘ dwfd for use

i n an i nmunoassay, the “protein of iInterest I genic fragnment
t her eofthosesofi skl iatteelarésedesgr Chbgar enpetnandAdarloXb ank bans, eypra; Seeeahi/nant

br O2'[0ei nsujmsu grrné) gge%gn%eis glltead tﬁ12rae9ns;f 0r ingc,j sz?perlag anldi IgoelilelAancf l{)fﬁgt%fjn ﬁf}thfﬂ, 35 69:12195 -

497 (1975)). Such techniques include antibody preparation by selection of antibodies from
libraries 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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ant i bodiodycloml gnt,lbcrdeesolmnymnhmthw'mmah; ahcan bolised I(@naet gaKohlsod& es, nmany
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Li ss, Inc. |gan Current Protocol’s in | nmmunol ogy 91);
HarlSow &)lign,eCulAamnlb@moeé‘ in Anmwarﬂog\aﬂ@%') Venlowi &@3988@1¢1ba«1vds @odl ng,

Monocl | Anti d P 6 The nes
encodi Hgeerion g p Ao Ciite Marckaalaiistiey: BRI ahe G

cl oned dyr pagey). cehd gen%s BroodiRELOBOE! aﬁ@%gﬁi AR orenasiRaglor aitlefiedy vean be
cloned froma hybridoma and used to produce a reconbi nant nonocl onal

ant i bodjone@droen hicbl o 8. e&legmdnmghﬂg)a hwwyloaaldmtlb@h'tcan haichmedfromomoc| onal
anti bodi es.can al so be e fromh b donm ,or el Rando

conbi ndb PORGTBAN REF<Ha 2UgHuE AT PRI BOoY O B g UBiarias £iaoing oo
poay qlfea@ysﬂ&a@&ht%ﬁam BPmGhJJl&{a?&Hn@ﬂlés %H hRo 59 ﬁfa'dé E:%int a/ytfrﬁ%a of ggismaKu by,

| mrunol ogy (3rd" ed. 7)). Techniques for the production of gl e chain
ant i bodehls BandomommbmaMnsamﬁtheﬂan}eand Klghtshalﬁ@nﬂpmdu@ﬂgerﬁme allarge p&at ent

No. 4, S%ant?l?c@lescwpth Beffeer‘g% gnt?gemcosp%{n?%ﬂy ((ese%nt | bl%uf;;% %mmunology (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 ef al., Nature Biotechnology 14:845-51 (1996);

30 Neuberger, Nature Biotechnology 14:826 (1996); and Lonberg & Huszar, /ntern. 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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non-hunan, ant i bodi es_are N ¢ 1L t.. Generally, humani zed
A dPbodyohES (sfet ey Torbe e dhitricrd e ra B Rkt it Bt T om a
sour ce 3iNA-329 (1988)VERBeycH B S, So5 B UBBNS Y 5% AORE) ARISPEME RISy of ten
referred to as inport residues, which are typically taken froman inport

var i ablSruct Bieli 593506161 )], by sebstititieg esdahCDRs or (IR fsequencksfiol thowi ng t he

thod of W d ker s. .. ) t at. Nat
321, 52 AGSPORIGR 65 o Gt B St ap R e hngien e giPetdrm oy on

et al . ,cheRéRNERIbdes D34 Pde3ONS 1081 5N v &a kRbstédifally 1€B thanBhimedt- Bi ol .
2:593-596 (1992)), by substituting rodent CDRS or CDR sequences for the

coilfespomuinngrigde demeashastbean substituteadrityi tho dyrresponding seygeyce el noonani zed
anti bodi es are. chineri.c gntibodi,es.(U.S. Paten . 4,816, 567 erein
subst gﬂwrﬂ&fl|syeqwésﬁﬂtpﬁ%fﬂcaﬁmﬂlw%fi i are VRIAISRE B AR PSR b@ﬁahh
subst i tydhRETHN rdsitfics @hd SRMIFEdHe FRILGARS alfers‘ﬂﬁbt?tuféﬁrby TBHERG Reci es. I n

practice, hunmani zed antibodies are typically human antibodies in which sone

CDR r esindlogsusastds jmoodetl aptibodies. FR r esi dues are substituted by residues from

anal ogous sites i odent anti bodi es 1481 A nunber. of .proteins of .the
a4 ; B

i nvention conpri i‘h#H LTS pEthe 3BV eptiop COHPHFIBE HUMUAPERH B b
spogi f iigad {o¥prducs BhBESdiNEdpeciiRaty brledivdly tdagtiPe iR itASpRleildUraieRtt.
Reconbi nant protein is the preferred i munogen for the production of
nmonoc| @eebmbmantyubied srib¢ pefiriddddinemogdtafiou thel froduntionof inmgroplondlern may al so
be us e%of}ifciorlllgf aniti%oﬁl%g.eN%{urillfgjggc%rring 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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and Lane, supra). [150] Monoclonal antibodi es maybe obtai ned using various

t echni deregrodpetian dfantipagliastod slee dasirsd spacificatytand affimity foy flecatieen, agdlyeddolcel | s

f i mal. i i zed with 5 i.red i i | i.zed,
conton 5 Bpdaif RO pdbed by Sucl e Bl MRS PR BRI
| mrunolinclfdiag InjeckRn(iAd:3 £6 peritbhda@E Ny ofa veREhafhoof, ARSRAtwY, 288 LRY 1 ncl ude,

e.g., transformation with Epstein Bair Virus, oncogenes, or retroviruses, or
ot her ispdathd¥¥A wequendasovinch encoe a aranoclopilamtibedyaer shinding fagnenhigersof

i talized | I d f duct.i f tibod] f.t desired
Speci f PYSEY LG SN R PEgY TP biaen oo eRecociibe o B aRrao LR Bhistianar
ant i bo_qﬁlgg_ep&gq”ﬁ,@d by such cells nay be enhanced by various techniques,

including injection into the peritoneal cav_lbég{ of a vertebrate host.
Al ternatively, or#Shayoncksaketproinaspsedeentibediosire hvatabial thepratsnoendsal

ant i body or bi ndi.ng f.ragnent thereof, by screening, a A.libr rom
P BlESYEd b3 eaaRaY RS TP RESGUTETRs BB OEUAT BT TGy LR forat
supra. g}evitdHlimAMeslobRAEd iRRkRaSay PRSdeliires A BdnbRULES Shfel, Apal.l abl e, the
protein can be neasured by a variety of inmmunoassay methods wth

qual i t Moneevanilic gmanunpassayiswd theprasens invention canbepeswméd innmyrodlseigiralal  and

i mmunoass rocedures in general see .Stjtes,_supra. Moreover e
| i SeSaP R, KB P aHENER RIS G SN BE R B QM RCIHy GHC BB a
COPb | 9WoRh RARh, FlMida %%ro? lri]@\éergw -2 KA EABIR aYd LindVBg8,0 Enzyne | nmmunoassay,
CRC Press, 20 Boca Raton, Florida (1980); Tijssen, supra; and Harl ow and
Lane, supra. [152] Immunoassays to measure target proteins in a human sample may use
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 areview of the general
immunoassays, see also Asai Methods in Cell Biology Volume 37: Antibodies in Cell
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receptor or antidéhl Immbegiarneles oftprenidie)a labelngagsnitospeierllyibinditoroi et y

th ifically binds to t lyte. .5 1 f inment, th
cagPur ao st B b S mb B PR b Sinte are] BTbEMmatge “TROERERE .

t opol 0GY¥eimA; ERETRKINEMES BBleBEs cobhystisiiy the aaibdBy/shalyt@Bdrhpleienoki ne
receptor antibody) may be produced by any of a nunber of nmeans well known

t 0 t hosdteofativkiy, theilabeling aganttmanhe athirdeseieiybsuthads@nethef aBbpdy,ithatnoassays
al so often.utilize a | abel.i agent to.specifically hind to 10 and | abel
the bi ﬁa‘?ch%catcdé'rpb‘? Of ‘?'f‘r‘gﬂ”a?/pf(ﬁ@n(‘f%]ﬂﬁ"e agent and the analyte. The

l'abeling agent mays) tpel freRfe@B@bOdinicne ﬂf&h@élhﬁa&ﬁm@rais%&dﬁﬁ ahfiBody _
anti body/ anal yte conplex.” Alternatively, the |la el i ng agent may be a third
noilét y besringn hbelanblt¢raativealy,itheostoond dngibody meyilddkcalabgl, butrntimay,on tirs, be

ant i body/ py ot ei n lex. J155] lpa, preferred.enbodi.nent, th abel i ng agent
s & SEUHOGAIdbe g dathesd e B 1 isE i PEFRAPFUE o e drednt | body
may | agkigbhdyab abrivet T seBBM arkiBodsHEdh bdtBodiRel ety ddedidhiehR et} Rusidaant i body
specific to antibodies of the species fromwhich the second antibody is
der i vediotihto whichadhad libstadynalesulbeamapdtificaty intlhsushde tezymzslabeledi et y, such

as bi otiﬁ)g ..o which a third | abel ed nol ecul e can specifically bind, such as
enzyme STSHIEYIER streptavidin. 20 [156] Qther proteins capable of

spegi fical l'y bingqisg |mmPRBtRRWapible of specifically binding immunoglobulin
constant regions, such as protein A or protein G, can 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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constant regions, such as protein A or protein G can al so be u23AVUGIST 2086
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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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prgbeins is calcu! éd; 5 using standard cal cul ati ons. Those antisera with
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Dy nabedatssTvn, thé presergtsmentionineude (eagnetic béads (eg.cBiynatieadd M) dyoassatier dydexas
red, rhodam ne, and the |ike), radiol abels (e.(g., 3H, 20 1§5I 3355, 14C, or
32P), a8y kyergseeip isotliagyanate.ahxap rede FpdapRes andhe dike), sadiphbep (ag-adb and
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pol ypr epyineordy ubeli@xan BIISA), ahéad®rimetric 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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conponents need to be | abel ed and the presence of the target antibody is
detected by sinple visual inspection. V. METHODS OF | SOLATI NG CELLS WTH A
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of a chenokine 20 receptor can be used to isolate, identify and detect cell
popul ations that [£66]r yAgdnas thebapecibicallyrbind fsod pagiiculEotopeleogypf @ chdnesakime yt e

SR A 205 B 5 ey PR bl RO,
t opol o@¥pology. For example, leukocyte subpopulations or tumor cells that express a particular
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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assays of the [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 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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detector, a data storage unit which recor | abel detection, and an assay
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sanpl els_ cE)rdn?c? dc\alxvfelcl‘,el (erg “ I())ﬁoltgde ode angtd%tsa sttorage (tie ge) are optlolnally 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®, 082® 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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20  canbe made into aerosol formulations (i.e., they can be “nebulized”) to be administered via
inhalation. Aerosol formulations can be placed into pressurized acceptable propellants, such
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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moldul aside-effectbef the naathil atorsit erBelseophgndiatipagn asepplied & thetmeassiand overallng pl asma
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is fromabout 1 ng/kg to 10 ng/ kg for a typical subject. [183] For

adm ni gfy1at DHTECTRORIO M SPECIFAC AFOPOLOGIES ANY DIAGNOSELOF DISRASE | on can
be adm nistered at a rate determ ned by the LD-50 of the nodul ator, and the

15 side-effects 084l hEhepigsdmd inyenten prvidse sorarmibedsiaf setesting a speciipl i ed to
e PR TR RERS 4 A S RS BB s
TQROL Qotetn ARGV AMESING ifFuld, SRASow El8Aktrf hEsipaiantytbiié@idele provi des
for nethods of detecting a specific ) ) ) ]
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 labeled, 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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sugh d gﬁﬁ{o%g&@gn& TeR%inkds B nbbiflALTACE TitreRsiR! 8 3hiliy 8¢ ks VBRI ©
t opol ogy.” Ligands can include naturally-occurring chenokines as well as

smal | Tl exauC¥6RWiihdica pethefpraserog of oancar palst ilo ah axeralpiyl meflzod, \Wiesswe a di sease

state is associated with .a specjfjc, cell .type, detection of.the cell type
Feaul t SIOPRY STEREFOANGI 1t AdednieLyhetfihe isshp pontarns Cells comphsing a 7P

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,
etc.
[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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031847 adtherateausoy Begssiy fopghenmtdnmpierspsorinedipied disgAsase det er mi ned usi ng
ti ssue sanples (e.g., biopsies) or can be noniotored directly in a tissue
in situ (e.g., using radiol abelled chenokine imging). [189] Once the
chenokipxe receptyAC@NESIY associ ated with a disease state 5 is
characterized using tissue sanples, the chenol ne receptor topology can be
deternined in dilkYHodthemokaepcesptirntopalegied arndistinguishedd inttreq/an betemsh

chenoki ecent.or. t opol then . be utili,zed .as. i i ngui shin
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chenoki ne receptor topol quty characterization provides a novel detection
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chenoki ne recept or-nedi at ed dj seases, i | NES .{-190], . Chenpwki ne.r ecept or
C omor odited &8 SiRkadER bR elopRERE ool o s Mimatrer Sl (OMEIRS! RidiCe

phenot \wpRepesAfih ipR@iduabtdpdlory b exysbiydchr tlidés ateir hgts Whekeehalmeqehar ed 15
and uni que epitopes on topol ogi es of the sanme receptor while other epitopes

ar e uniepiiepe is exprpssed on prtelagypofdenns cellisres tampr egllsntln thase cergs, dee dpredhe sane
¢ h§5r0 kiegl opre%%?% %divqgﬁ/aei r(iec%le)%tr itgp(’(l)llogy are identified by standard epitope mapping, e.g.
by producing contiguous peptides (e.g., about 12-mer to about 18-mer) spanning the entire
extracellular domain on the receptor, and evaluating binding of appropriate “shared”
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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ot ottt JeoRERPUR Bl Afeckele TR AT Bl £ bhomin e

pol ypepidsdfies, letaifisPleEDEAED®X traR 166k d WBpSlymessdriolRr sARKE O Fuvaatsycer ol ,

et hanol’, and conbi nations thereof. The vaccine may further contain

auxi | i Such asljentirece svalable cammreially groor vasious sourgesntpr giempls, 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 pg 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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epitopes of "the target cell. Also, the imunogen could be a conponent of a
r econbi Gamugateadudindng tetse onivedabmraiagnaoheionas Tocell clavkraativatorsani on. [ 196J
Reg)%r dl ess. of et her o ? uses the intact receptor protein or
2 individuals having very different gene sets.
[197] Oral formulations may include normally employed excipients such as,
for example, pharmaceutical grades of saccharine, cellulose 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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Conj ugeeﬁmndenﬁbawdﬂan@htyhﬂmombmw aad/oE&theér s@[u"@ll%ﬁlg &Ltnqsdrgﬁg agents mi“ln cl one
activators in 20 individuals having very different gene sets. [197] O al

f or mul 48 tlmart- mhle ymicdasage oo pawl a@&nmaﬁyéamw@fr@m@nw%@m aeferablyr70exanpl e,
phar ma and um car bonat e.
These gg% %ﬁ%in% ?f%ka%fhf ﬂat(c\sclla‘}%gfacu? %L%%d)aﬁpgﬁ 12?%{%%5 " abl ets, pills,
capsul es, sustained release fornulations or powders and contain 10-95% of
t he pol ypeptides of the invention. 25 |198$1 The peptides of this invention
can be fornulated for adm ni strati he nasal passages. Fornul ations
sui table for nasal adm nistration, wherein the carrier is a solid, include
a coargg@-%%‘; having a particle size, for exanple, in the range of about
10 to about 500 [p9gr amss ébiinglle biovkiht T ECRA EstnisditBRnBPORNgiek in Whi ch snuf f
is taken, i.e., by rapid inhalation through the nasal passage froma
cont ai rﬁeﬂfeloﬂt ¢elle powder held close up to the nose. 30 Suitable fornulations
fj ein the carrier is aliquid for adm nistration as, for exanple, nasal
sp nasal drops, or by aerosol adm nistration by nebulizer, include
aqueoummergllgyndm{msons of the active ingredient. Various ways of such
adm ni STratron are Knownh in the art. The pharmaceutical formnulation for
nasal admi ni st rat{2@} Mg@es méﬁaﬂeﬁmmwb&ka@mmm@@m@inAﬂKiJST 2006 WO

or esor SATRORRS UHE GP TGP SHoD SHaer (VAR DS fepst e RyRd™ 17 ©

[ uor ogafbafs, gg{dgcfa &t mﬁlaiq%le‘d$nr1bﬂh%s ﬁrcﬂés%ﬁ%gﬁﬁgrrl%ﬁ]ﬁg{efmgooo ' n the

art. The uni nasa ni stra ron can ny,
preger @Qiéﬁcgsohlct £H?15]t25 Pfa%tel‘éﬂ WAC was ct)t?caﬂagd PnPhnfednhie 1 ngredi ent
per unit dosage orm Exanple 1: [199] This exanple shows that

CXCR4 fPhansaaia Biotech lﬁBud;lopgﬂamgths UK). Molhdoérmhanub@ﬂies usacblnl\mtvecytamstmnd
o (300) RO S S Cobl TS ! Al B0 T L ScppE
(RockY clones 12G5, 44708.111 (171), 44716.111 (172), 44717.111 (173), nmIgG2a, and nmIgGZb.

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

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, V A) 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°C in a
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Hill, NJ) where indicated. 125 |-l abeled SDF-1 a was purchased #3rAHFUST 2006
Per ki nEl meWOL43/0¢7426 Sci ences, Inc. (Boston, MA) and 125 | - |mireli®0/34ss3AC was
obt ai ned from Amersham Pharmaci a Bi ot ech (Bucl anghanshire, UK). Monocl onal

ant i boRlRRl SSER cliBhtdd BW SOy CONRIMixtRE.0A frdr@RfRGatRinNdle k611 ReRA AshbPinarer € from
R&D Systenms (M nneapolis, : anti-CXCR4 clones 12G5, 44708.111 (171),

44716. mmrqumwnp‘remqmq WitB)l 0%niriB Y @ac | Orzgriuh] HerP g@Rish wapheplegsieddar y

ani tbod‘y1 q@& ant se lﬂG PE C%j ugate (Coulter |Inmmnotech, Mam, 20
FL), 3 Xlg 3 8“8&@05%1% B WiNdi ng by flow cytometry. The fol | owi ng
cell | ines were k/zg':lt] aBD%zJﬂlﬂﬂj&f‘@V@@ﬁblo@/@@oﬂ-ﬁ’@@uﬂﬂé Wiﬁal&@MaﬁCﬁo' 0”

(Manassas, VA): (adenocar ci noma; famary gl a VDA MB: 2
( ade noetanuie treegloved preeily o fithenub)cine ligand MBeraGtien v &X;(I?R/t an M@F}ﬁmnd manmar y

| and d), .ZR 75- t al - | and
ana. HEREBERKG e TRIey BRI cninlay ckbasdge ehessey R TLIPY FUIRBRAC ¢
| eukenbigdinR&ising M bdiohidRAols bs ld¥EBRBE ?e%i&usﬁﬁ(’ldlédawrﬁ HB1.acRae from the NI H

0
Al DS Research and Reference Reagent Pk)o ram l'ines were cultured in
DVEM Zl\ktﬁ.‘zﬁbﬁzﬂ?(l%ﬁdbauagy»ﬁ)etgbpw:eh@m;emwﬂ5699% €1609); (osling)d. eferl.un ( FBS)

Cdo 7 h i.fied bat % C02/ ai
gnH?:t ur 34}%%” HZ@%H%) ib @B%aﬁgéfnog) Ilag’ﬁ aggqu f éﬁﬁm AREOYBt :: Led from
bujg y ﬁ%@aﬁ&l bﬁ%c&wofdew m&%teﬁpfag lﬁléﬂeﬁgg@dl%&hﬁe@ 59 Al to, CA) by

centrifugation on Ficoll-Hypaque density gradients. Isol at e PBMC wer e

act i vadteehokirids 112t1ﬁwbllny tcpdnypladssaﬁﬁggdlurabelad SPiHY) o 651-FHiT, Gh andicaedd, Cknpany,
St. Louis, MO and IOng/, al reconbi nant human | L-2 (R&D Systens
M nneatBeprajocqidpsaribed WBET HLRP e e %’Me%ﬁ*é@é&rﬂl%%)s aﬂmg,i/ al.

! SRR A TIR AT s B e AL 2

act i vafollewed bpehecz&idh@onvm adivhabéled chdmokise| 10 SBF- lanorRFﬁI/Ih IS’DAQ@) st &d Wi th
10% FBS and I Ong/m 1L-2, which was repl eni shed everé 4 days until the
day cetIGintke é)llwaagbpéom]mﬂlmu(%w % 149@Mr¥’iﬁ<ﬁy alMlﬂaCﬂzeémm/lque

it or SHEL G 4o oot oo A el R Do PYIER el #ﬁ@%@&ﬁ erpl oys

expandgfiboiet bEiseiipY tG@@lM&&qnélﬁdéd)ﬂnl tBé‘Bﬁ'ld1 faghtiags U§ itiie fekﬂefrifni’én
protocol s as described previously (Kledal T N, et at. Science 277: 1656 1659

( 1997) cellBavierapterincutategt witl e dhdiCitedre Gcént2dt oMdof AdtipddyAeY 30 Gos hi 47, prdar et at .
J I muowol 164 1-6 (2Q00)). In these assays, D's Iacel\/ax enpl oyed t he
S| mul t!rikoeddigen Pgﬁaéwﬂ%ﬁ%?é|08wnehnwéinaﬂl Broleeiies Riere weluded Ha%omerﬁiﬁ%yat ed, by

a ?o?‘gﬁéer 213} %a%%[ :hfélt}%?e agkg%gﬁ EL8 n‘gﬂc‘g%%éia pusdl t'trllllé pia?%g)l tﬁ?oﬁ%& descr i bed
( Dai r aginiceriiatlon fdlBhvodd Shihn adcﬁﬁén Bi[ﬁﬁ%lib‘blc(dlcﬂﬁﬁjolmﬁo All :mgay&]were theat
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 B 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-18 (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 '**1 h I-TAC
were added to the binding reactions. All assays were then incubated, harvested and analyzed

as described above.
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Jbnnunol 164: 2851-6 (2000)). Briefly, chenokine el ements were iRAUKHSETRMFt h
cells fol WVOBY+BY0t he addition of radiol abel ed chenoki ne (ACBUS®BRsIS a or
1251 h I-TAC) for 3hr at 15 4Cin the foll ow ng binding medi um (25 mMV HEPES,

140 mM Nadl, | 1 FTMRIMQ - AR 2% i :lﬂmﬁf adj ust ed
to pH 7.1). V\hem‘zl n i%gg)e% , antl Q%)Z? Agegﬁtgﬁﬂb%glglélgﬁg?%ggd%e C g%r ol s were
i ncl udeCompletbgtabl DUIAGas eivatidedifor the Bxprbgseh @ ICRBBALCXCRE bg POR. €

pre-incubated with the indicated concentration of antibody for 30 mn at 4C

pri Ior ; Snscifie@rizris Pesropingd dosl aseraed PNénbichnelogmyd Crrakvlle dd) 3pogidice ;
. . A | .
wns. addt Pt 8 ioutd RS, JO AR S O B (BRI0 SCiBRORY Brohid JRTT 0"

addist i Barfbgd, @i )aluaing|3actyldee NGKPDEL wh theAGfANS aWdheotl hen incubated for 3
hrs at 4C wth gentle agitation. Follow ng incubation in all binding assays,

reactions were asigPflatledasien dssepl Inyaswnegsagsprreyperdemiad|as @esthe Packar d) usi ng

i cacDRRERIER s AR Ry MR b R (b dRkiehr 10,

Packar djaithegsbatd 84D} suppleneiedd with 619 Bdiene dlblrhRl Sig8i €he@diat €6mpanya SPackar d
Topcount scinti lation counter. Data were anal yzed and pl otted using Prism

( G aphBaisPM@handeadsled o thedawetowellvrd B Bad{ o 1gel dngsfonghambers (BD2]

Det,er mi.pat i f /.5 - Bi ndi ng. .Usi,ng the filtrati based
asdl) " FHEEIThes B e MA) MBAE T el tiABac i I Sef PRt oo BseRer o one.
2) excesdth, at\égﬁ'eilé RekSRoMiI7el a fimifid ﬁp&ﬂazWafﬂ‘}Q@d&/aﬁ%ﬂx%?@lt ed for

30 mn at 4C. ow ng this incubation the 1ndicated cold chenokine
conpet i22dws. &Folls vaigetilisciamdmtion ahe oBartsawere I2héfetred tof A\Gew \plate amidte theidin inhe

bi ndi ng. reacti ons. All says were then i ncubated, harvested and an zed
as des 311? wé%rtsa‘ﬁ%v@moysdgismé@efsﬁowwg t Q/@awgnlﬁmaf ROy Y fg@ﬂﬁs@wgﬁ%’zoa]
RT PCR i : - AN S ' -

THERINR, thl &51%911 Lglﬁg*pfo%d& H@ﬁfa%galﬁhgggﬂ&éﬂ @@(@%&gﬁ%c%g& by PCR

Conpl enent ary was anal yzed for the expression of
Spdéi f ilac. SwedesboroeNE). Gintadinpert]lf wera dxamégrdatmder DNk obelelipse 800 @Sikpapr al vil | e,
| A). Specific.  PCR products were neasured by means of ai.d Om-E (E&K
Sci ent iBG-Mplvalls, YY) miggescope wah a 40y deps. @Hs ‘M‘EFPiCﬁaﬂtﬁgubg F”?ég of gt was

measur t 4 § i Ve erfornmed
e por pricid ARl eRccer e MESHAR: SRR o AT B AR o e i
HBSS (Life Technol ogi es, @Gaithersburg, MD) supplenmented with 0.1 % bovi ne
al bumn (Sigma Chem cal Conpany, St. Louis, MJ) and added to the | ower

vel | s dkesels Bj ocoat Matri gel Invasion chanbers (BD 10 Bi osci ences, Bedford,

bl A0cs were | noubada R PR RIdnRAHILHCIRL RRRSER ISR humdl s
m Xt ur eell oypes (Sehgal, et al., J Surg Oncol 69:99-104 (1998); Sehgal, 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. et 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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22 hrs. Followi ng this incubation, the inserts were transferred3tAUGUSTER006
pl ate and WRd3mgdid in the inserts was renmoved. Using a cadmnsesmesdst he
matrigel plug was renoved fromeach well. The filters were then stained

Snedes PO SRUYERERR PRI Y At L CHEN et i s i Lphen S L B PREY’ E800
(N kon tumbigelis. YR ¥reakt@umbi el | sq0AREs Wd IR 2540¥ere @IS testbd InthiBEGyCcount ed

in5 fields of view of each filter. Data represent the mean of 5 fields of
vi ew f (data pacthohin) aed fousd tebaviersimilanntibadyestainiRg pudfiles ROthE 208} bRestent reports

28 e ot 1Bh Stust adm B mab B f EXCR B haet o 250. 4
1998) ; : i : 6 : | VA R
6 102 L1 (008 YRR & deokette O e SR ey sy T Nl 1 or

A. et dhrkat aat Hir2]yhifhobite Btaiiing)land Robise dmor etll aherdbBips! (eChreplified by

276: 45098-451Q5 (2 a Ln e. 25 exanple link this expression with

br east "{HSIRINES én %&é?&@g@éﬁr ,brgast B‘Enoéfelrhﬁpﬁée 410:50-6 (2001)). To
further investigaigt *’I‘ﬁg%@hﬁst@ﬁt lﬁﬁ@mkédﬁ%it GGRPHRY rﬁos@'@vilhb'l u[n ‘rP]c%Jeh%nH‘-’e

undertook to evaluate the expression of CXCR4 dn severa breast tunor
cel | | i0GSR4 nlAh, cloak 112G hen retstenmondell€XARE te xpammsi (NCRAsxmessiamahed by fl ow

cytometry. Primary |L-2 |tured T | ynphocytes and two T cell |inpes,

G N el et ,PCwlBer T gl %@ﬂg&téﬁem%frés&qqelofl@és festehandtWpe of
anti-C e'ﬁtj,aa!'s | 1B &8l Uy | MR- N 1 and
VDA MB-435s, vverwgna snémt’ esteéﬁ?ﬁpghre Iefng?ﬁé’g\lc%m?gﬁsf ant iwgumgf’%%es

t est ed pesidiverechtblciel CX CRBUexpressiang Dgspitetthd laclbofr@adtivityrmoith ¢2G5 andithe r eport ed
to express ., CXCR4, the widely used clone 12G5 did not detect any CXCR4 on

the br §a8tble mastiviey It thesphorgni eGR4 stames tegiesl.obe Breast SumersslUsess/ M85 veak
and vani ARNEDUABLIM] i HResI ROk Phellabl e dAISA MBET e LARRAlgst ed on

t he breast unor cef e breast tundr cell lines 75-1
wet®e absaegaiedor CXCRAIexprssay. Inatlahses GAPBH owats imeasarell @asladotteolnBye sim | ar
anti body staining profiles to the other breast tunor cells tested. Thus,

the st SXHTIG VPtice AifsTaIces ManHRECHANEY Ty dreiusegBeiferbiisinte dhuss two
A b e R A e R A e i S T

phenot parlutwpenghicd ifwth BICF-Aealka wprsaitaye @XCEH BreastdudoAcdlBaRd CEM-east
tunor cell lines). [206] The consistent |ack of reactivity_ usi ng{ t he nost
wi del y NEHpaod Barasstativeckesth Fapsequprsse romdhese swo el daes agidmntigdiPs | ed us to

A R A as o BB ERS e nPu R ESCRE e aaket < rom
cul t ur et deyatihathesthapdlypeptide stricturé bHNEXCREmVbOIKrcelngpeduvdsdiientiasl.
[207] We have previously reported a set of techniques by which receptor
binding to a comprehensive array of chemokine ligands can be simultaneously assessed
(Datraghi, 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
MCF-7 cells. Greater than 90 chemokine elements were tested for the ability to displace the
signature chemokine, '>°T SDF-1a, for binding to CEM-NKT (Figure 2) or MCF-7 cells
(Figure 2). As expected, the potential high affinity competitors of '] SDF-10. on CEM-NKr
include hSDF-1p and mSDF-1, while hSDF-1a and HHV8 vMIP-1I 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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positive controls for CXCR4 expression. Despite the |ack of re@3AUGUS] 20p§ h
12G5 and tWe 03garpéabl e reactivity wth the ot her anti - CXCRy@loessisgst ed,
the breast tunor cell lines, MCF- 7 and MDA MB-231, did express CXCR4

message: howevers 25 - 435 s,found to.15 be i or 4

expr esgln%u.a feﬁugl I f@é@wgﬁ%&@gﬁee and op I\gg‘ﬁ?}r %ﬁ\ﬁ% (#{f?’uree‘cégﬁ"ﬁe
whet hehighi {ffiaitp aggﬁcblﬁelﬁ%ﬁlsa,ﬁh% V91 Y TARYorPRICHUS Wal i&RABANS GredirbfiRy ences
thus resulting in epitope variations in CXCR4 on various cell |ines, we

then sebtanrdatighd 1ISCR-1qor Tuis,oisMg§in e celisdeT ACmd MIFE-T belsavea 1 epr esent at i ve

CXCR4+. br.east . rr cell, and CEM NKr, as a representative T cell. The
sequend¥EstiRy 13@&%&“%‘%@&"0@??\@5&%&‘8 SAHGFACPRIF S¥% 20 publ i shed CXCR4

seqgences suggesuig) afRRRL: fublee it @hEDE L PXSRANDENORGPT Of 11 €5,

the genetic and thus the polypeptide structu 4" 1'n both cell types
was i deespoosd curvdsdgete ovbined wecqmeatition bindineepetiednt widt sadéctédgphentplies by

e, Wl BRSSPI et B, ORI 35
ool e A R o L

G eat eHdphdiBg R colipeRibST & SIFDL S wilepthteSHRd t&orh MDRAL drigbt-gpdi spl ace
the signature chenokine, 1251 SDF-1 a, for binding to CEMNKr (Figure 2) or

MCH) 7 tesulted in( deingplete c@inpetiteonenneEMeNKr ahé MICE-&r(Fi gake3hi Igotablyf ihaiaffnity of

conpet | of , 1251 SDF-la o r...inpclude, hSDF- d DF-1, while
nSDF- | SDUh S TEHRRBE PTG Bt VL giot drfiels (55 (6t GERLNAR: AR, "WBkpet | ¢ 1 on.
This i ﬁnecs%ﬂﬁélﬁts%&‘Ck"’%ﬁ{is%égti@éliﬂ bBHSdeYl t)5RARd BEhdIMihS si¥cifRAaha as the

only non-viral |igan or CXCR4. However, the Overall ‘pattern”of conpetition
on MCeffihityaliffer eva¥® cealls kethegstdurhbecadlat . In this cell type hl-TAC and ml -TAC

d trated hi ffinity. tifi f . Si t | i d SDF-1.
To furt her i nvestrtih el B d iihedhob ARS8z e modol) sosss
Lmbd; ; ' [ o/ cell
(B e B G e RO ok LR o °
MCF- 7 tisprirdignal tecaptot forlliTAQ (CFle) K. E.abuai/ifag Med bgy:A®BI2 ISDDYSY). Tohhis, on
MCF-7 cel l,g |-T d SDF-1 beh i ndi_ st i ngui shapl.y. .in binding. t
ot nenbant TAL hRginesyissratEa paferraniiapa u'&?@@ lﬁl_ahqh@'ﬁgse%_@g\_ﬁﬁgi ng of
- TAC iR BifdingRE bl BRAMACIHUAYPERELS, SRaMIRILTAC BRPRLIG tpn b ndi ng
| high atfTinity |

experinments wt ected Ppotenti a I gands on CEM NKr and
MCF- 7. CACRIghespaiting t diassior EXCGRAMadiatkdtbandihg (IRAGindmeofdchaepordedd t h 1251

cofbet CONGRY bEmdaSt S COXCR 4 vl e F Cepyere Swaen MCESEORR BICSBE- 1(3, 10
,[ ﬁ: UL]E | H})?%e/& 8@' ethEr HOMRE A8 re0 et EM K 0LV (-1 P58 fhnighot abl y,
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/'*’I I-TAC binding curve again with an IC50 of 1nM
(Figure 4). However, when cells were first pre-treated with excess SDF-1f all IP1L.TAC
binding was inhibited (Figure 4) suggesting that the observed 1251 I.TAC binding on breast
tumor cells is CXCR4-mediated. '2°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-TAC binding. When the CXCR3 ligand MIG was tested as the
cold competitor 2’1 I-TAC binding to the cell was not inhibited (data not shown). As
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SDF-1 for the receptor expressed on MCF-7 is higher than that GhAYENFRRP06
Thus, whi MO o/g4mequence of CXCR4 is identical in both cePCTiUgpEIB she
| i gand bi ndi ng specificity and affinity differ on T cells vs. breast tunor

Ils. [20 N i d wh h - i ndi d d
VoL 7 exii o i bisgkE Mt et by SOE MR teReis S ong
been estabkirPieind o thEﬂ?ceglg')\x?ﬁi }_Fll_%lh taf;f]i?lﬁ? RIS JrabMy. PGk daBh&on dfcells wih al -

JExp Med 187:2009=21. (19 I's” "end, 125" I-TAC bi nding was exam ned
under capas MIGndd tioaeffea thalSDRAIPY Y I-Tel GiemipetitioXCRRIn sepiestinedhdbindingg (i . e.
bi ndi ng, of the reported CXCR3 |igands M -TAC and I P-10 to K CXCR3) thus

d
b1 1 Seitetod 6 medingd bosiG Rzl SOCARERACT W, 1he DEehGIaHIAG OB BHE 1 oumr { od 20
CXCR4 | j . - i ' -7 |
vt prifBtoveptn gt KA bandid) Wiine Rl BeCRUSRAFCRL AR 1. M T TP ©

(- 175n .abliort & CXORKI(br a CXUF4-Rehdleediepamthhdi@X©R 3 Medi um cont ai ni ng excess
SDF-1 (3 (-90nM to inhibit CXCR4-nediated binding). |-TAC conpeted with
1251 |-TAC for bilBfIngphynethagspyas cxamingd figther byPGReshbolsted mpRNARIsgdr e 4, a)
confirm I by d ' fLhnidy )i S I s on these
cells. %?ﬁm'\tsgﬁ%?é gbcoél }\?agpgeg ttBIBIr'cg{é ifEr’lrceﬁ) ll)%etg‘géd]g{/\né&?ées{(]{éazné %Elﬁ}g ‘éb\%é?’ éé ~tzhen still

abl e t euit@ed yniplecyrEexpressel CPOOR3; Inoloter k2B tested eAprabdddC OGRS UTIEladlgef N Wi t h
an | C50 of | nM IéFl gure_4). However, when cells were first pre-treated with
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MCF-7 cells is due to the action of CXCR4 (or a CXCR4-1i ke nol ecul e) and
not CX@r3eulopyiglforrniand Ayp i prebe thelheeasiceansrdean P4, bihererltsiosdloge ed 1uRNA

tr 2o Rrts Sggted HAF oS Mtmi el AeRisRlRE: kS mEYobE Wit o ner
cel | tesbad 59XPoesEathlENEERmall iR ldcakkesibnated CCX0803 competes with '°I SDF-
lo 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-1a 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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t opol og CXCR4 which is distinct fromthe topol ogy seen_on ot her
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dl scri nijghatiredeptos @air ied el d@hpd)ﬂdﬁdoﬁ\%‘bﬁdtménd deépaledtApprogfaly $¢at many

cancer (or tunor) cell es also exhibit the CXCR4 topology initially
cor r el AfemgzlygousTaLaRt Slﬁﬁdrewqwsdle Perengtdly ik 19 the aoRalBBIg emEEYEOUSX ani ned

andex ook SRR RRHENAL X CRA, MARKL 98 caBuB YL IsyAr C1 o™,

human cervica adenocar ci nona; uman

ad eooc anaB RO, hohldi@gbus rm)manhdmamalmleadfelpaﬁﬁaalm dnBIs. §i(Mabétas PhIES, and
nous unor. 12131 Finally, the CXCR4 expressed on _breast tunor
cel | s i % ?{ﬂ%ﬂ?é}%ﬁéﬁ)%)} ningipth the receptor and ligand knockouts defects in lymphopoiesis

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

60



i nvasi on assay, SDF-I induced cell invasion. Therefore, CXCR4 iz AUBUSTE006
expressed WO @O+tHese cells, but engagenent by a |igand (SQerlysdzs&kl e to
i nduce a signal through this receptor and cause cells to respond such that
the cell is able to jnvade through a filter. (214] Tunors an t her cancers
are di feiabu tordetect deferen 19polqgiesedidulERbs Letceiy development, &%&ﬂ% %&Zﬁuve@r owt h.
rapi dl éelgﬁ%%estgari yﬁé’ u?{/}l(%ﬁ?%mltsitrg?égs.E&%%gnga%gmlo?gﬁ ﬂgugﬂt guggests 15
t hat t catoing. IGKCR4 aadpoitistseythe éynadeagte” topole i aniitst thistSIDR- lanedistedi ¢ gr owt h
phenotype. Both  the SDF-1 and CXCR4 genetic knockout mice are enbryonic

| et hal Calgivgymebilizgtiombewevsl. CXERH fymor tapelpgpantagmists Ravs norgfiect sl s nponent

2%?;8246 e 304 s ?%eg{ @‘%H’%‘@ w@@t&{g&?{tﬂg{s}%} é’elé%/‘El9%11&@@5@/@%'@1’6@&%1{ DF- 1

I e per enmal ni ng- honbzygous Ittermates die
Wi t hi ntlie GXCBH tbpslogy éxfredsedrmttembredniabay Ka3 aiidcE BB2re doffére®38hé CXLR Y .

Simlarly, 20 -113 of the honpbzygous CXCR4 knock out mce die perinatally at
E18.5 avelogiexarespadan Ebhfeted ligeraeds i the gugr-coryelased tapelagy wdidleior and | i gand
knocko ! 1.esiis. L.esl erved. The
Foral Froaer Piped B Bl TROORR B A R R e B Y 3oy 11 and

continues as suclRis)t iBxptlierdts Asb dpMdhstitd thht the Gkmorldricted fmsl ofe deci ded
to exam ne the expression of the cancer-correlated.topology of CXCR4 in this
cohpar Erérit4 camlygprox e fimudstomsignap oegre el waRonFelst Yhaarsele vduel yos at

El7 (a i Nnk. J: evel o I e tj t he. kn i s die) and
F1a ( abR st YR RCRE AR TpbebulecdralIEadaE i BREK B b ARG, TP
di e, yghnsefip€6én HEREIRIBEESDE-16g{usion. MbrSBipoktantly NdtunghrasHaygresadicol abel ed

hurman- SDF-1 binds to E13 fetal liver cells and both SDF and |- TAC (npuse
and huthgriuppbeardlaipd form offPBCRA appsipaed ofwarem ik sulfugel pusraishit B¢y besiade for 30

the. Sob? FAOE, BlchElsRtee SR, RARRSTHE} WaBa fF S ieb e lipiing " 7 1

cory el edlRcraii1b t& A6 Sdr fEh e starvatidnl e lcBRIpared i) EntdrdddRaaLRITES SBEANt S Whi ch
interact with the cancer-associ ated topology are able to conpete with SDF-1

bi ndi ngX{(d4 therefars seygs poalandapoRtr sigpal. Gepeer|cgipire oftee charaetenzad ast s do
not. As .stat above, h rmacol gpic distinction is another hall mark of
60 23 ﬁ%@f?’gﬁﬁg’sy%aﬁgﬁﬁ%ﬁ%ﬁ@?ﬁ%ﬁz/ 38555 the abilty to detect
different topologies of CXCR4 . Later in developnent, the E17 fetal Iliver
cells also express CXCR4, but these cells respond to SDF-1 by nobilizing
intracellular calcium CXCR4 antagonists to the "|ynphocyte' topol ogy
inhibit this SDF-1 nediated cal cium nobilization however, CXCR4 tunor

tqﬂglo ant agoni sts have no effect. Thus, 5 these data suggest that while
wi Tdt ygé&@& liver cells at E13 and E17 both express CXCR4, the CXCR4

t opol ogy expressef 6t TREUYRPleGheRY tiat SCRNTfoERY dafefon tdpbfiggiilin dift&eftXCRA
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 CCR1 is
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As is tRibixpasdespite the et thxciucalls pested grpresnibe &l ] resspiongeatiage fodioy exhi bi t
OB oD B MERES bty LA 8 e A (BRI
NSO-CCR1), THP-1 cells (acute monocytic leukemia), immature dendritic cells (DC) and
neutrophils, but not monocytes. Clone #4 recognizes 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, CKP8 and CKB8-1, have been reported. CKP8 is the 99-amino acid form
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alternatively spliced fornms of the human CC_ chenoki ne CCL23, CKI 8 and
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CCRI . . i | cal LV f of¢.i:hese CKP8 forns,
CKP8 ( - %‘g%&?@%%%@' Ofﬂfg’]g&)% %a(g@%gqﬁplo%geé e¥l\'1l\1él”fg§ ﬁé%ﬂq@&éf t}Igllpgands, MP-1a
and | egkeicednion. See. Figure 7. For exanple, in a 1251 MP-la and CKP8
(1-99) conpetition on HEK293-CCRI cells, the calculated 1C50 is 64nM
Hod@ver, this sarld22ofpeerample, lganfiSa CERIS(L8P)) bindaagitot SCRA expresded ghat ed
| &0 OLegﬁgqus does not induce cell migration. However, the same ligand (CK[38(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 CKB8 (1-99), CK[38
(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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di fferent WO3@ET420t ypes produce vastly different bindi ng chameshesistics.
Function: [221] Based on their topol ogy, chenokine receptors control or
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in different cellular contexts. They differentially control cellular
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di fferent cell ul N} ext s h_.a li,nki-ng. t.0 .di {.f.erent .proteins,
etc.). CCR1 topoﬂ@é?ﬁskgiﬁﬁ%%@géhméigﬁ%FSp@F”Pﬂﬁ%&&ﬁﬁ%&B%éﬁ%ﬁ?ggﬁlTﬁzz] For
exanpl @erdih GRBEporhte® by EdferRBelasIPiachlihdisdug] ublichith ks sHslication weret r ophi | s
does not induce cell mgration. However, the sane |igand (CK[38(1-99)) can

i nduce speificalydingtindividally mdipated; te e drcompqpated bpirefsrenadnocyt es and i mmat ur e

DC. See, Figure 2 Furt hernore,. t he. sane | i.gands i nduc

Cat +ob 11 74t} on 1326k Uhovsl e RifER G ik pSioBiH oee tpepr BnonS CERRLY o
exanpl Qyayt da116&H3kioh 8@ B RS putpsdSy of%tg%fuﬁ@é‘st%ﬁding}iﬁm%@feh&i'ﬂy | NA1P-1 a
and M P-1y are able to nobilize Ca2+ in HEK293-CCR1, "THP-1 and nbnocytes;
howev emppdresteo vanwef bidysard skitlon thetarmolight ebth€aerehings nbihiy iopérition thalespite t he

fa t hat . 1 is expr ed in these cells. See, Figure 9 3Q Genetic

| adhe  Cerapshanecs aft Rl aetape kg e By ekt SR oRL B e B PRE Backbone
that i gcofediithé SslenBEd MBMys. Si M lar in amno acid sequence; genetically the
sequences are identical. The cDNA encoding the CCRL protein was transfected
into two different cell types, HEK293 and 63 23 AUGUST 2006 WD 031047420
PCT/ US02/ 38555 Jurkat. The transfectants exhibited different antibody
reactivity despite the fact that they expressed genetically identical CCRI
See, Figure 10. [225] All publications and patent applications cited in this
specification are 5 herein incorporated by reference as if each individual
publication or patent application were specifically and individually
indicated to be incorporated by reference. [226] Although the foregoing

i nvention has been described in sone detail by way of illustration and
exanpl e for purposes of clarity of understanding, it will be readily
apparent to one of ordinary skill in the art in light of the teachings of

this invention that 10 certain changes and nodifications may be nade thereto
W t hout departing fromthe spirit or
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scope of the appended clains. 64 23 AUGUST 2006 WD 03/047420 PETAUSIST K655
SEQUENCE LIVBUIORG748EQ | D NO 1 CXCR4 am no acid sequence PCT/US02/38555
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t opol ogy but does not bind to the chenokine receptor having a second

t opol ogPEQ IMENOneCABd aounp atidisagyence provi ding a first cell conprising a

chenoki cond cell conprising the

ChenDklﬁ@Tﬁggggﬁngﬁgék G&@&E@%%HNF L%%gF%L ontacting an agent to the

chenpki R HEEVENL GV VLY RY QYKRLKIMTS Y, ALFThAE "IN S EEWVEE £ r st

t opbt og PAYCKI RECEKEXGRE I FEIIepL TénDRB’ FRAGRARIIVG FY Id SR Whki ne

receptoAlhaﬁMﬁ§L§F§EE@W@Fﬂﬁ@&@&}ﬁFPWE@LBEWKLF@éLﬁﬁ@ﬁﬁﬁﬂNéPﬂé&@ﬁﬂ@r havi ng

t he fir ¥TGIGEOLDBRPHBHKSKA VRAGFYKIMIE FFeEUPPYNLTALISY FORELF THECEQS
RHLDLAVQVTEVIAYTHCCVNPVIYAFVGERFRKYLRQLFHRRVAVHLVKWLPFLSVD
RLERVSSTSPSTGEHELSAGF
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second topol ogy have the sane am no acid sequence. 2. The nethod of claim1,
wherein the agent is |l ess than 600 daltons. 3. The nethod of clziAUGUST 2006
wherein the method further conprises selecting an agent that nodul ates
intracellular signaling triggered by ligand binding to the first topol ogy of
t he chenoki ne receptor, thereby identifying an agent that nodul ates
intracellular signaling triggered by ligand binding to a chenoki ne receptor
having a fWHAT ISeIIMBDISIt not the second topol ogy. 4. The method of claim
3, wherein the agent nodul ates nobilization of intracellular calciumin
response to b|nd|n of a I%gand to the first topol ogy of the chempkine
receptor. 1. 5. fHaethed alidenifymg an agent thahbinds t9 a hemekidgprsentor hadeh? sttu s

sel ect &Rggpg@é@gt AGAIRiRANRE h i, lBac tEVTRE  EET 0 i, wER> RO

CCXCKR ( eeRodXpmptiSAg, ECRF3, Kaposi's Sarconma-associ ated Herpesvirus GPCR
Poxvi rus menbrane- bound Csf%gégén coupl ed receptors, and.DARC. 6. The

method of claifm 1, RQ¥IdHER qomPriie chpmekibe SEBYARNANES 1t @ cancer
cell. 66 ZhofddFdrd agé&ﬁd céll ca;ﬁﬁh%th@ghé?ﬁok%{e@’e@pﬁ)r haiag 8isBecdnlfopodpger cel |
is a breast cancer cell . net hod of claim 1, whefein the first cell or
t he second cel fi-is epmng@@hgﬂntmth@nhﬁ;mk@lerﬁmmm‘dge eosi nophi |,

basophi |, mast ..cell ; n the first
cell or the sef:'gnd S(’:eeffclt'%ﬁoeséer?oa’atg‘ﬁg?omwp%tﬁfw%gﬁ?mh |cg¥1m&3€é The net hod

of claim hcemﬁbaldaeshlitﬁbindrtsra chehbkifé recéprordewingt seednd topolo®t, wherkircel | . 11.
The nmethod of claim1l, wherein the agent conmpetes for binding wwth a natural
li gand of thefbempkingKsCRRIOF 'é-‘%Yé‘}ﬁtBP first $opojogyand CBF"‘P‘G@H‘FFWPW@“HW?
topolog|e§mgﬁ ﬁ)gnéggg f &r@cﬁQ@ dgthod conprising, providing at

| east two ce ? gyp , eac type ex re55|ng t he chenoki ne receptor;
testing the binding afflnlty of a plurality of different chenokines for the
chenoki ne .receptor on the t cell. types: .a d a chenoki ne t hat
binds it A d 1 Ry msiodof Fainty. Erna B R F BRI on o Flrst cel |
type conpared to the chenokine receptor on a second cell type, thereby

|dent|fy|ng novel topol ogies of a chenokine receptor,
. The method of claim 1, wherein the method further comprises selecting an agent

that modulates intracellular signaling triggered by ligand binding to the first topology of
the chemokine receptor, thereby identifying an agent that modulates intracellular
signaling triggered by ligand binding to a chemokine receptor having a first topology but

not the second topology.

4. The method of claim 3, wherein the agent modulates mobilization of intracellular

calcium in response to binding of a ligand to the first topology of the chemokine receptor.

5. The method of claim 1, wherein the chemokine receptor is selected from the
group consisting of CCR1, CCR2, CCR3, CCR4, CCRS, CCR6, CCR7, CCRS8, CCR9,
CCR10, CXCR1, CXCR2, CXCR3, CXCRS, CXCR6, CX3CR1, CXR1, CCXCKR
(CCR11), US28, ECRF3, Kaposi's Sarcoma-associated Herpesvirus GPCR, Poxvirus
membrane-bound G Protein-coupled receptors, D6, and DARC.

6. The method of claim 1, wherein the first cell or the second cell is a cancer

cell.
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13. The method of claim 12, wherein the chenokine receptor is selected from
the group consisting of CCRI, CCR2, CCR3, CCR4, CCR5, CCR6, CCG3Aucusi2006
CCR9, CCRIQ CXCRI, CXCR2, CXCR3, CXCR5, CXCR6, CX3CR1l, CXR1, CCXCKR

(CCRI 1), US28, ECRF3, Kaposi's Sarconma-associ ated Herpesvirus GPCR, Poxvirus
menbr ane- bound G Protein-coupl ed receptors, D6, and DARC. 14. The net hod of
claim12, wherein at least 3 cell types are tested. 67 23 AUGUST 2006 15.

The net hod. of Thé&mdihbd of Wik 6] WheéttinltigAGhcetRelt heiBkisnesmcar It est ed. 16. The
met hod of claim 12, wherein the chenokines are selected fromthe group

consisting of CL 1, XCL2, CX3CL1l, CXCLI, CXCL2, CXCL3, CXCL4, CXCL5, CXCL6,

CXCL7, CX@LS. Gl d: , €1 15,
CXCL16, I %%’hég@: ﬂ‘%&z, c:%‘il_’%},’ec@ég% Oé%%égh cg?f%caéﬁeg",trogaégflo, CCL11,
CCL12, CChkpcybsiniatropBagel Sosi@philchas@lil, mast@Elllo8B et 19, CCL20, CCL21,

CCL22, CCL23, CCL24, CCL25, CCL26, CCL27, and CCL28. 17. The nmethod of claim
12, wherein the chenokines are tethered to a solid support. 18. The nethod

of claim 32, WrBE flethollBEclaRS Ul | WHerSih €l Fe1qIics & sdedrirdeliobgndthe ability of
t he chenokines to conpete with a ligand that binds to the chenokine receptor

in each céwpportyapdliViigtectipie met hod of claim 18, wherein the ligand is

| abel ed. 20. The nethod of claim 12, wherein at | east one cell type
expresses an endogenous chenoki ne receptor. 21. The method of claim 12,
wher ei n atl0l ea%he owrthod ef tlainy pewkerpin elsesrst cllroe demdecomaniell ys navai-edk ed
chenoki ne receptor. 22. The nethod of claim 12, wherein the cell types
tested conprise a cancer cell and a non-cancer cell. 23. The nethod of

claim 1, whereirfe hdoad@eBhin 3, WRSSinthedpeds RRDeRS fdrYiiing *fth a laG@rdret hod of
claim1l, wherein the agent is an antibody. 25. The nmet hod of claim 1,

wher ei n t higanshaftesk¢hemokimeagreptori s CCRI. 68 23 AUGUST 2006 26. The et hod
of claim1, wherein the chenokine receptor is CXCR4. 27. The nmethod of claim
12, wherein the chenokine receptor is CCRL. 28. The nethod of claim 12,

wher ei n t he. chamakhodof idetifyiag nbsel @FoRies of a chemokine receptor, the method

comprising,

providing at least two cell types, each cell type expressing the chemokine
receptor;

testing the binding affinity of a plurality of different chemokines for the
chemokine receptor on the two cell types; and

identifying a chemokine that binds with different affinity to the chemokine
receptor on a first cell type compared to the chemokine receptor on a second cell type,

thereby identifying novel topologies of a chemokine receptor.

13.  The method of claim 12, wherein the chemokine receptor is selected from the
group consisting of CCR1, CCR2, CCR3, CCR4, CCR5, CCR6, CCR7, CCR8, CCR9,
CCR10, CXCR1, CXCR2, CXCR3, CXCR5, CXCR6, CX3CRI1, CXR1, CCXCKR
(CCR11), US28, ECRF3, Kaposi's Sarcoma-associated Herpesvirus GPCR, Poxvirus
membrane-bound G Protein-coupled receptors, D6, and DARC.

14.  The method of claim 12, wherein at least 3 cell types are tested.
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15. The method of claim 12, wherein at least 10 chemokines are tested.

16.  The method of claim 12, wherein the chemokines are selected from the group
consisting of CL1, XCL2, CX3CL1, CXCL1, CXCL2, CXCL3, CXCL4, CXCLS,
CXCL6, CXCL7, CXCL8, CXCL9, CXCL10, CXCL11, CXCL12, CXCL13, CXCL14,
CXCL15,CXCL16, CCL1, CCL2, CCL3, CCL4, CCLS5, CCL6, CCL7, CCL8, CCL9,
CCL10, CCL11, CCL12, CCL13, CCL14, CCL15, CCL16, CCL17, CCL18, CCL19,
CCL20, CCL21, CCL22, CCL23, CCL24, CCL25, CCL26, CCL27, and CCL28.

17. The method of claim 12, wherein the chemokines are tethered to a solid

support.

18.  The method of claim 12, wherein the testing step comprises determining the
ability of the chemokines to compete with a ligand that binds to the chemokine receptor

in each cell type.

19.  The method of claim 18, wherein the ligand is labeled.

20.  The method of claim 12, wherein at least one cell type expresses an

endogenous chemokine receptor.

21.  The method of claim 12, wherein at least one cell type expresses a recombinantly

expressed chemokine receptor.

22. The method of claim 12, wherein the cell types tested comprise a cancer

cell and a non-cancer cell.

23. The method of claim 1, wherein the agent is less than 1,500 daltons.

24.  The method of claim 1, wherein the agent is an antibody.

25. The method of claim 1, wherein the chemokine receptor is CCR1.
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26.  The method of claim 1, wherein the chemokine receptor is CXCR4.

27.  The method of claim 12, wherein the chemokine receptor is CCR1.

28.  The method of claim 12, wherein the chemokine receptor is CXCR4.
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