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surface is the blﬂﬁldm a®d hbgewy r ahcsusdane gl yeopeotetncgpirtot antibe CD4
antigen (13, 30, " )C Th| s in turn induces conformational changes in
gp120, which enab‘ﬂé’ 33 nteract with one of several chenokine receptors
(4, 5, 21, 36) . The CC-chermki ne receptor CCR5 is the najor co-receptor
for macr Ophageftrfﬂﬁicﬁl Bo): siHia r@ppl&&dt1ahays;a&1©ﬁ;ucipaib1r1@be1bﬂsthﬁresexual
transm ssion of HV 4, | e- es use
CXCR4 to enter targeéts %Fpsgyaﬁaék&ls%a Lfmer‘—"b(l-%’t EL?T ﬁ£g@lgns(e>in§r \é&{ at%e in
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culture (4, 5, %e&&)lcaseaﬁ prioegiath V- lptseddies ane dupdirg OpI'I(he

(85X4) since they can use bo 0-rec oygh a
sanme efficiency ( qﬁ ta ehesi s %ast&loys; g%uhfgggbw B%@dﬁj reso ut| on
of the gpl20 cor ey cryéea‘tn@@ra@ﬂer é@émﬁ@@h&taédctnha‘fotr‘?@%él?%cé‘ﬁr@r

fully the art to which this invention pertains.

Background of the Invention

Human immunodeficiency virus type 1 (HIV-1) 1induces
viral-to-cell membrane fusion to gain entry into target
cells (8, 15, 66). The first high-affinity interaction
between the virion and the cell surface is the binding
of the wviral surface glycoprotein gpl20 to the CD4
antigen (13, 30, 41, 42). This in turn induces
conformational changes in gpl20, which enable it to
interact with one of several chemokine receptors (4, 5,
21, 36). The CC-chemokine receptor CCR5 is the major
co-receptor for macrophage-tropic (R5) strains, and
plays a crucial role in the sexual transmission of HIV-
1 (4, 5, 21, 36). T cell 1ihe—tropic {X4) viruses use
CXCR4 to enter target cells, and usually, but not
always, emerge late in disease progression or as a
consequence of virus propagation in tissue culture (4,
5, 21, 36). Some primary HIV-1 isolates are dual-tropic
(R5X4) since they can use both co-receptors, though not
always with the same efficiency (11, 57). Mutagenesis
studies coupled with the resolution of the gpl20 core

crystal structure demonstrated that the co-receptor-
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conserved residues (32, 53, 65)

and negatwoeBy7276éhar ged residues in the am no-term nal dorarws(Mpoof
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therapeutic agentg that fmirget ;co-reeepi@ls nedi-at edi s5daR3H1Qf vbral centry.
| nhi bitors of CCR5 or CXCR4 ﬁg; receptor function 'q?%&gs'f' ed. to date, are
i

diverse in natur& &R ?hel u ‘
t heir derivati vesgconhiigwortdeironadd ant idsodhaint@anies) . fFheonbtrini $hs2 bf
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are not well_un 17, .49, 55,.68). such
i nhi bitor, the anF ORRET SiHPE %]I?eocu%r%i@éfﬁ%,ragtéb%%%s "oy ea?_si 8%?“?% ECL2
and the fourth tesansagentr aplee (FM)s doymithasf t@RCR4 tie imphinbpined in a

functional conformation by bonds with residues in the
ECLs. Studies with chimeric co-receptors and anti-CCR5
monoclonal antibodies have also shown the importance of

the extracellular loops for viral entry (5, 54, 64).

Molecules that specifically bind to CCRS and CXCR4 and
block interactions with their ligands are a powerful
tool to further probe the structure/function
relationships of the co-receptors. Characterizing such
compounds could also assist 1in designing effective
therapeutic agents that target co-receptor-mediated
steps of viral entry. Inhibitors of CCR5 or CXCR4 co-

receptor function identified to date are diverse in

nature and include small molecules, peptides,
chemokines and their derivatives, and monoclonal
antibodies (mAbs). The mechanisms of action of the

small molecules that block entry by interfering with
CXCR4 co-receptor function are not well understood (17,
49, 55, 68). One such inhibitor, the anionic small
molecule AMD3100, depends on residues in ECL2 and the
fourth trans-membrane (TM) domain of CXCR4 to inhibit
viral entry, but it is not clear whether it does so by

disrupting gpl20 binding to CXCR4 or post-binding steps



viral entry, but it is not clear whether it does so by disrupting gpl20

bi nding to CXCR4 or post-binding steps WO 03/072766 PCT/ US03/ 05500 -3

| eadi ng twomsmi7acne fusion (16, 34, 55) . To date, no snekir/usos/essm es have
been reported that specifically block CCRS-nediated H V-1 entry.
Inhibition of HHV-1 entry by chenokines is34redi ated by at |east two

di stinct nmechani sns:_bl ockage of the g 120/cg rece tor |nteraaa%| on and
internalization ofdhid9 che BRI %ec ol ex® (3°°b6, 189 CThe

vari ant AOP- RANT&EG 1l soolehilid shaeeydeeng ofp@CRE t@atmeSQeﬂflcsaﬂrlf}ace
(40, 56) . Varianis,SUCBcRS. M\IQ%%@ ﬁﬁzﬂﬁdewﬁy RANRES: 00by larfewm i he

gpl20/ CCR5 interaction and do not down:re variants
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by CXCR4 (12, 27,d38)inctOmtechame sast i oTCXER4ge mAb, th2Geplhag chersceptor

characterized for s hiSratignVvi ral joproper tingsyndNe, & fdci encyorof 12GHe
i nhibition of viral entry has been rrgg)orted tq be bhoth_cel] - and ISO| at e-

dependent (43, 58FheMPHINE/FRECBFEsCYW IHe BeLZCof 22CxBRE; Bt
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I nterestingly, whose |topes |e|nth%dNt ch
contains the gplZWT%lﬂ@l%l?’éev?%l'bl?? IR ¢ q}ﬁ’sﬂori'Fe&r?(‘ftéﬁf‘r)?nl
efficiently than m@tb aﬁm; regudse ee fICROPE 6l7) es SDR - ECvari2bFs apsesmlalgsoni zes

CC- - chenpki ne actg ggh A eqﬂehaef n@c&aﬁygmn%omm%ckde\slmat&dtf 8,
PA9, PALO  PAI I, ave been i sol ag ed aq charact er

si x mAbs specifi cﬁ?‘ihyattﬁﬂunﬁyt (S:Xé&%' 1cel #§ bdf/ wi tH4ei 157 eﬁ?tef¢¥%R%nC| es
that were cell type;dependents Epdropehareppiarg zstudices identnfieditdle

residues that arepi&%@%éfgg.ffﬂe A iRii BP9 0and 285 SOnhibition of viral
entry has been reported to be both cell- and isolate-
dependent (43, ©58). This mAb binds to the ECL2 of
CXCR4, but the mechanism by which it inhibits entry is
unknown (7). Few of the anti-CCR5 mAbs characterized to
date efficiently ©prevent HIV-1 entry (28, 64) .
Interestingly, mAbs whose epitopes lie in the Nt domain
of CCRS, which contains the gpl20-binding site, inhibit
viral fusion and entry less efficiently than mAb 2D7,
whose epitope lies in ECL2. 2D7 also antagonizes CC-

chemokine activity (64).

A panel of six murine mAbs, designated PA8, PAS9, PAlO,
PAL11l, PA12 and PAl4 have been isolated and
characterized. All six mAbs specifically bound to CCRS5®
cells but with different efficiencies that were cell
type-dependent. Epitope mapping studies identified the
residues that are important for mAb binding and also
revealed information about the folding and interactions
of the CCR5 extracellular domains. All mAbs inhibited
HIV-1 fusion and entry, but there was no correlation
between the ability of a mAb to inhibit fusion and
entry and its ability to inhibit binding of gpl120/sCD4
to CCR5" cells.



reveal ed informati on about the folding and interactions of the CCR5
extracel lul ar domains. Al mAbs inhibited H V-1 fusion and entry, but

t here waswom3pom7sel ati on between the ability of a mAb toPCmhisbhs/essbasi on
and entry and its ability to inhibit binding of gpl20/sCD4 to CCR5'
cells. WD 03/072766 PCT/US03/ 05500 -4 Sunmmary of the invention: This

i nvention provideg _an_anti -QgRS antlgod which conprises (i) two |ight
chai ns, each Iighgimeq}-ra%—eeﬁﬁﬁ—s—r—ﬁg—%-‘ﬁ% expressi on product of a plasmd
desi gnat ed pVK: HUPROL40- VK (ATCC Deposit Designation PTA-4097), and (ii)
two heavy chains, h ai ri e N or oguct, of
either a plasmd nggl glnnlg%éxélg %%4&%(%@3 E%‘%C aﬁ‘cplgbs d?’ ‘%I

Desi gnati on PTA- 40985T b5 plldsmtd’odeéﬁgh’at ethabyl : @FPRO 14ghtnufhain
B+D+1) - VH (ATCC Depmprisﬁﬁﬁl gtia¢ | OexpPEAs 46199) praauatfra@rrenat obi1asehd

anti body, whi ch b0dsq, anaccg@xoauwm&r@@%%c SR obks i dlafion s,

i nvention al so prOV|d S conprisi ng two
each chai n conpri §FAg?0tonsettdt i Vi Jarfio 1’%?&"’(3’5 C}?Hésanﬁﬁﬁhaéﬁﬂ"%ea@%me of
whi ch is set forthoipr S5Qd DXINO 6xpaddh 1m0 freaist Qifalélﬁthe&aw peayyii€hain

conpri sing consecgg%y%bgggdﬂ élg?psf{ugmz@m ng,acig sequence %{gﬂ:l S

set forth in nventi on al so provides an antl -
anti body conpris ﬁ@l‘ﬁ\i)“icilbht FdRaitR88) each® chal n dIRSTHSI ngdegdpReeedi ve
ami no acids, the awynoHerrd 1sequence Bob+ IWhVEh(ABCG etedoarith DB i S8k 1 &h NO . 6,

and two heavy chaips,,&ach J}eag/yf%eh%tc%@@ ”%n‘8%88§“t g\{fﬁ‘?‘w% Thi s

acids, the am no acid sequence of i s set ort | SE
i nvention al so prb9i de’> &1 it96 sredartcrlix wpg cel

This invention also provides an anti-CCR5 antibody
comprising two 1light chains, each chain comprising
consecutive amino acids, the amino acid sequence of
which 1is set forth in SEQ ID NO:6, and two heavy
chains, each heavy chain comprising consecutive amino
acids, the amino acid sequence of which is set forth in
SEQ ID NO:9.

This invention alsc provides an anti-CCR5 antibody
comprising two 1light chains, each <chain comprising
consecutive amino acids, the amino acid sequence of
which 1is set forth in SEQ ID NO:6, and two heavy
chains, each heavy chain comprising consecutive amino
acids, the amino acid sequence of which is set forth in
SEQ ID NO:12. '

This invention also provides an isolated nucleic acid
encoding a polypeptide comprising consecutive amino
acids, the amino acid sequence of which is set forth in
SEQ ID NO:6. In the subject embodiment, the nucleic

acid comprises the seguence set forth in SEQ ID NO:5.

This invention also provides an isolated nucleic acid



encodi ng a pol ypepti de conprising consecutive amno acids, the am no acid
sequence of which is set forth in SEQID NO 6. In the subject enbodi nent,
t he nucl ewo 03@ati7és conpri ses the sequence set forth in SEQPCIyUSES/ESS00 Thi s

i nvention al so provides an isolated nucleic acid WD 03/072766

PCT/ US03/ 05500 -5 encodi ng a pol ypeptide conprising consecutive an no
acids, the am no acid sequence of which is set forthin SEQID NO9. In
the subj ect enbodémeating he npelwpertiglsi deceopptsTes deasseybeee AENS ort h
in SE_Q | D NO I8. J@i%s,i RNt Roaks9d péét}ﬂtegﬁ% ¥t weokat _eg Q@fLﬁixﬁ:l’@ﬁirﬁ -
encodi ng a pol ype c rjsi nsecut.i ve am.na. acids, e am no aci
sequence of whi ch&%é ggt ci\Q’E?(;:rgt‘h ?I% %éﬁQﬁ%jﬁﬁglfmqo%lfnﬁgkSuﬁ']héectnuecgbe&acl ment ,
the nucl ei ¢ aci dachhprdmwas sefethegernncsesetof ehth nirSEBQA DONWP18: This
invention al so provides a conposition conprising at |east one anti-CCR5 -
anti body, or a fr@gment thetreof, as desvcird'ebeda abgéloel, ttec()jgeth r .w tahc.
carrier. This invent oh™4FSo Bt o HesP s CSiiosT i on Conpr i ST NG -t He
anti-CCR5 anti bodyncaoting f pagRehYPerierdsof CORAYEPEY attackedti her aping
material such as Ac{di 0i1ROt-APRQo aciboxéduert@ yat hylieneigl ¥6ol forCyirot oxi C

agent and/or a d ct.gble label. This Lnvention alsq frovides hod of
inhibiting inf ec?llt:(gnng I\g?jé%M Iélelt{}levm%%?ﬁ é(;éoérrprl seésl%peglr%t'ac f‘enggﬁ;%tl@m%
cell with an anti®edy S#iRH sesnphEseaIygnce wet FPEHE Thaidhs IPedCh1ti ght
chain conprising the expression product of a plasm d designated

pYK- HUPROLAD- VK (ATEC DRBOSLLDesl gnabl0p; KAy 4090kpos 2ol ! LimpYE: figAVY
chai ns, each heavy chai'h conprisrng Phe expression product o i ther a
pl asmi d desi gnat edt BRRAE HIPRGIYG -[HER5 VAR I DePosi tf rBEsRghat POFEETA-
4098) or a pl asm dsdess @naier ap¥gk;, HESRAIAR (itth aBddxt)ervH ( ATCC Deposi t
Desi gnati on PTA-4099), or a
This invention also provides a composition comprising
the anti-CCR5 antibody, or a fragment thereof, having
attached thereto a material such as a radioisotope, a
toxin, polyethylene glycol, a cytotoxic agent and/or a

detectable label.

This invention also provides a method of inhibiting
infection of a CD4+ cell which comprises contacting the
CD4+ cell with an antibody which comprises (i) two
light chains, each light chain comprising the
expression product of a plasmid designated
PVK:HUPRO140-VK (ATCC Deposit Designation PTA-4097),
and (ii) two heavy chains, each heavy chain comprising
the expression product of either a plasmid designated
pVgl:HUPRO140 HG2-VH (ATCC Deposit Designation PTA-
4098) or a plasmid designated pVgl:HuUPRO140 (mut
B+D+I)-VH (ATCC Deposit Designation PTA-4099), or a
fragment of such antibody which binds to CCR5 on the
surface of a CD4+ cell, in an amount and under
conditions such that fusion of HIV-1 or an HIV-1-
infected cell to the CD4+ cell is inhibited, thereby
inhibiting HIV-1 infection of the CD4+ cell.



fragment of such antibody which binds to CCR5 on the surface of a CD4+
cell, in an anmount and under conditions such that fusion of H V-1 or an

H V- 1- i tWeaset7éel | to the CD4+ cell is inhibited, therelpgT/tiSndoisodi ng

H V-1 infection of the CD4+ cell. WO 03/072766 PCT/US03/ 05500 -6 This
invention also provides a nethod of treating-a subject afflicted with

H V-1 which conprises admnistering to the subject an effective H V-1
treati ng dosage of an anti-CCRS anti body conprising (i) two |ight chains,
each [ight chain caodpriisivegttihe =8spr gssiviriesr odluoetbbda ofl asrdad idesi gnat ed

pVK: HUPROL40- VK (éﬁggepeposgkfﬂeéee%at LARKPTAARRR) . w@Rdn(i i kolwei beavy
chai ns, each heavy chain conprising the expression product of either a
pl asmi d desi gnat e@9MpYGFt #EPROLAE® HERRS/H EATEES DepBRi t SBEEFYh4AR i ORI PTA-
4098) or a pl asm drdesignadeshqEVgif: HnPROL40CCRYt antBiiody) covdr{ ATQEC Deposit

Desi gnati on PTA- 4?9%)  1P6n@ c{h:éqgg?nteé)éh syghyrant Lhody, Whichshhgdsifo CCRS

on the surface o unan cell, under conditions effective to reat _t he

HI V- 1-i nf ect ed suBfBEESSTRR s i RVBRAEFon aPdo prdvi dBs2a™het hode8EIPRESENt i ng
a subject from ceNKraaPROE @VKH VATCC nfizgtdsdn wheshgnatoigpr | $E8-4097) ,

adm nistering to j e an.effectliy 1f.ectiansp :

dosage anount of %ﬂgaﬁ'??-) %&?RSHS%%, bg%éllgsdmlggr_%ég%nﬂg&(v?’? dth\%/pi}nl :&Sﬁ?%%}g&%s
each |ight chaint86nSriPErRg: PhePERPressPoneprBatice &ragmig) g&rignated

desi gnat ed pVK: HUBRG140uMKO(4ATCBGRepBsi tATME S iDgpation PIHA-ABGR7pn, anal- (i)

two heavy chains, 43%51 heavy CQ@EM@W&Q%M@ ?ﬂ%&%bﬁ@;@é odygh of
either a plasm d designated pV%’: - HUPRQ140 2- VH (AT Deposi t

Desi gnati on PTA- 4898y 167 VR plPdShi Lo gnabed?s %fgﬁ%uﬁ%:[%%ut °B+DR1 ) - VH
(ATCC Deposit Desifgagtieon oPTAudbB98htibody a ¥hagnemindd tsauctCRntebotye

whi ch bi nds

surface of a human cell, under conditions effective to

treat the HIV-1-infected subject.

This invention also provides a method of preventing a
subject from contracting an HIV-1 infection which
comprises administering to the subject an effective
HIV-1 infection-preventing dosage amount of an anti-
CCR5 antibody comprising (i) two 1light chains, each
light chain comprising the expression product of a
plasmid designated PVK:HUPR0O140-VK (ATCC Deposit
Designation PTA-4097), and (ii) two heavy éhains, each
heavy chain comprising the expression product of either
a plasmid designated pVgl:HuPRO140 HG2-VH (ATCC Deposit
Designation PTA-4098) or a plasmid designated
pVgl:HUPRO140 (mut B+D+I)-VH (ATCC Deposit Designation
PTA-4099), or a fragment of such antibody, which binds
to CCR5 on the surface of a human cell, under
conditions effective to prevent the HIV-1, infection in
the subject.

This invention also provides an anti-CCR5 antibody
conjugate comprising an anti-CCR5 antibody which

comprises (i) two 1light <chains, each 1light chain



to CCR5 on the surface of a human cell, under conditions effective to
prevent the H V-1, infection in the subject. This invention also provides
an anti - G&¢B93@am7sdoody conjugate conprising an anti-CCR5 aariusosiyssehi ch
conprises (i) two light chains, each light chain WD 03/072766

PCT/ US03/ 05500 -7 conprising the expressien-product . of a plasmd

desi gnat ed pVK: HUPROL40- VK (ATCC Deposit Designation PTA-4097), and (ii)
two heavy chains, SCHRR Aty ERGI n SBFRSEE ST ng PEREVELpr &si o pP&BﬁE‘tl of
either a plasm d deesspghet@d PAGHUHRPROLAOK HGATVH (PERss Depasistignation

Desi gnati on PTA-4Q98) ;9577 péﬁ&nwlﬂe&bm@é&% M LFHURBOLAQ Lyt BByl ) - VH
(ATCC Deposi t Demcgwatl on ment _of . such an |bodgpvxlm ch

binds to CCRS on réﬁjr?%céﬁ?)f eép%ﬁﬁﬁho%elafog‘g%tnj%a’?é’dh?’() aaPIPERLE one
pol ymer. This invessignasédo ppyyldesPROIEL hodHe?-Vhi bilATag i Meposion of

a CCR5+ cel | by HID\éslgﬁQf.rpcsﬁ si nLQI‘A—a%d)@Bm st ghi ngat 0 3 sdbiect d%fsﬂghélseef
H V-1 infection the above- descrl bed _con u te in an anoynt _and

condi tions ef f ect V&' BUFRAT I t (Tt eBtP B Q?@qsslt fDeﬁﬁgnéﬁﬂféct by
H V-1. This inventiTdn48p%b, proveddsagmast hod @iJChr @atihgdpnwhHEN- binds

infection in a subjeGl-rEORRI itHeNG AFHBI Hreld NEimahn&aR0Ve-esght D&d o

conjugate to an H V-1-infected _subject in an anount and undér conditions
effective to tredt ﬁ@s"su%‘j‘ee(ﬁdé’ V-1 infection. This invention also
provi des a transfornmed host cell conprising at |east two vectors, at |east

one vector conprigjiag dhJuielieht acdd pegueace ancpding hsﬁvxnhq&s%@a of an
anti-CCRS anti body, .and, at | east one__Vvector conpri si glg a_nucl ei c aclg

sequence encodi ng tHEFGhiCRhaPhs G tHeR%Nt i SBERS ANt i BGdyl WrEFBEHSERE

administering to a subject at risk of HIV-1 infection
the above-described conjugate in an amount and under
conditions effective to inhibit infection of CCRS5+
cells of the subject by HIV-1.

This invention also provides a method of treating an
HIV-1 infection in a subject comprising administering
the above-described conjugate to an HIV-l-infected
subject in an amount and under conditions effective to

treat the subject’s HIV-1 infection.

This invention also provides a transformed host cell
comprising at least two vectors, at least one vector
comprising a nucleic acid: - sequence encoding heavy
chains of an anti-CCR5 antibody, and at least one
vector comprising a nucleic acid sequence encoding
light chains of the anti-CCR5 antibody, wherein the
anti-CCR5 antibody comprises two heavy chains having
the amino acid sequence set forth in SEQ ID NO:9, and
two light chains having the amino acid sequence set
forth in SEQ ID NO:6.

This invention also provides a transformed host cell

comprising at least two vectors, at least one vector



anti-CCR5 anti body conprises two heavy chains having the amno acid
sequence set forth in SEQID NGO 9, and two |light chains having the am no
acid sequeome/o7ged forth in SEQ ID NO 6. This invention &CIasps/edsides a
transforned host cell conprising at |east two vectors, at |east one vector
WO 03/ 072766 PCT/ US03/ 05500 -8 conprising-g@ nucleic acid sequence encodi ng
heavy chains of an anti-CCR5 antibody, and at |east one vector conprising
a nucleic acid segomprcksigscod n@uclllegﬁt 2hd nSSHTUFKE afiicoetng ahtdpody,
wherein the antic&CRR: arisi bagy amiprickes dvoidweayy ahai nsc havkasg de

am no acid sequenge _set for h 1.0 .FﬁE IEE%Q %g aQégldt"@eéde%te CQEEQ%:[J&%‘W ng

the amno acid sequence set Thi's 1 nvention
provides a vect orléghpricsragsa Ofnuéhel @ngér GCBRq ¢ ECee odiRy 4 Phedlvy

chain of an anti.@CRc@H i badywodherenprides heavy Hehaiyn cioamprd seasvitdie
am no aci d sequencg, sgf. Lo L0k SEQLD NQO. s Juvent i o gbsp, prgyi des

a vector conprising a aci d sequence encodlng eavy chain o
anti-CCR5 anti bodEIWOV\HéBéFn Ctl}?é“ﬁedwwd??al W%oﬁ‘ﬁ‘ﬂ‘%esac%dhes%ﬁﬁ%eacf’%t
sequence set forthotth SEQdHY NO. §3:6This i nvention al so provides a process
for producing an anti -CCR5 anti body which conprises culturing a host cell
containing therein (i) a plasmd designated_ pVK HuPROL140-VK (ATCC Deposit
Desi gnati on PTA- 48075, inye@tirn) 2iihePravpResmiad JESFghat EUHVF2BuPROL40
H&- VH (ATCC Der)ﬁﬁtlefESla@ﬁatlﬁqd%MOQﬁQOdNngﬁ pl asavwy  designatfedan

pVgl : HUPROL40 (nut B D, 5vgg]gi§gc“ Depsidin Desd gﬂ@gwncﬁlfﬁ&l_%%%ry@é@r

condi tions permtfing pr odu an antib rising [T ght
chains encoded byrehrnlasifiid §esrgnat e%Ftp\ﬁI@Il%‘-PR@lﬁEQV ErEC  Deposi't
Desi gnati on

This invention also provides a vector comprising a
nucleic acid sequence encoding a heavy chain of an
anti-CCR5 antibody, wherein the heavy chain comprises

the amino acid sequence set forth in SEQ ID NO:12.

This invention also provides a process for producing an
anti-CCR5 antibody which comprises culturing a host
cell containing therein (i) a plasmid designated
PVK:HUPRO140-VK (ATCC Deposit Designation PTA-4097),
and (ii) either a plasmid designated pVgl:HuPRO140 HG2-
VH (ATCC Deposit Designation PTA-4098) or a plasmid
designated pVgl:HuPRO140 (mut B+D+I)-VH (ATCC Deposit
Designation PTA-4099) wunder conditions permitting the
production of an antibody comprising two 1light chains
encoded by the plasmid designated pVK:HuPRO140-VK (ATCC
Deposit Designation

PTA-4097) and two heavy chains encoded either by the
plasmid designated pVgl:HuPRbl40 HG2-VH (ATCC Deposit
Designation PTA-4098) or by the plasmid designated
pVg1l:HUPRO140 (mut B+D+I)-VH (ATCC Deposit Designation
PTA-4099), so as to thereby produce an anti-CCR5
antibody.



PTA-4097) and two heavy chains encoded either by the plasm d designated
pVgl : HUPROL40 H&2- VH (ATCC Deposit Designation PTA-4098) or by the plasmd
desi gnat eslo opp76¢HUPROL40 (nut B+D+l)-VH ( ATCC Deposit De®Cgnsbi/assoo
PTA-4099), so as to thereby produce an anti-CCR5 antibody.. WO 03/072766
PCT/ US03/ 05500 -9 This invention also proyjdes a process for producing an
anti-CCR5 antibody which conprises a)transformng a host cell with (i) a
pl asm d desi gnat ethipVKnteRRObA0a Vo BARGCCdBepopirbcbesi gnatpmﬁwfﬁm%@@l?) and

E)IE‘ i) elther STADQ%SC?) @&%S'Qﬁ@l@&dgpg%ﬁﬂpp@é{&ﬂ@s VH) %I%Qf |) "
si gnation - or _a plasm es

(ATC% Deposit Desiftatisdnt WEF)”FR 46997 pg% dﬁﬁpltgg]raltﬁé 5&% g‘?é{g(g host
cell under condi tAToTs pepes it i Dgs pmomuicini 0ATAT4 @I Jamd body) e@nbermang t wo

ight chains encqded. iy the. pIART piAiERRLEM P MSERRGIAGVIOIATGE
Deposi t Desi gnation PTA-409 and eavy chains ,€0co ed either beydthe

pl asmi d desi gnat eQFSd\?@’IatHQPROlﬁﬁAFWWH ( RECC BepodteSTbRsi ghat gt
PTA-4098) or by tpweyiplrasmodsdesingnaBed+IpVeH HIPROL40epasit BRE grnatd (nATCC

Deposi t Desi gnatiof, [RtA,4099)s 150 a&é&ﬁ@er&@y @f%m e LD

anti body. This invention also pr OVI Cess,

kit for
produci ng an ant iY%%5% ST HoRPS W%W%@nﬁ’ﬁ@é@“%‘ zf%veag’t o™ bl?f’pc{yi si ng
a nucleic acid segugnde iegcodvag lighki gbbathai enebdad ant i tGERSP Rt isbdy,
wherein the [1ighy &%aQe%OWB{szﬁéppwhe;oamxno aetd 5&%}5&%’1%9 §6§1§1@e§t§fbn in

O o N e OB B 1,2 e Rachizty STHAER Qmprises. -

the amino acid setuence detidmatdd imVQSE@dPBON@DQ,HQ?r‘VéI vERTGT Deredit si ng

a nucleic acid Seﬁ%@%&ﬁ%ﬂ%%%Odb@ﬂ-@o@@ﬁVXu~ by the plasmid designated
pVg1HUPRO140 ({mut B+D+I)-VH (ATCC Deposit Designation
PTA-4099), so as to thereby produce an anti-CCR5
antibody.

This invention also provides a kit for use in a process
of producing an anti-CCR5 antibody. The kit comprises
a) a vector comprising a nucleic acid sequence encoding
a light chain of an anti-CCR5 antibody, wherein the
light chain comprises the amino acid sequence set forth
in SEQ ID NO:6, and b) a vector comprising a nucleic
acid sequence encoding a heavy chain of an anti-CCR5
antibody, wherein the heavy chain comprises the amino
acid sequence set forth in SEQ ID NO:9, or a vector
comprising a nucleic acid sequence encoding a heavy
chain of an anti-CCR5 antibody, wherein the heavy chain
comprises the amino acid sequence set forth in SEQ ID
NO:12.



chain of an anti-CCR5 anti body, wherein the heavy chain conprises the

am no acid sequence set forth in SEQID NO 12. WO 03/072766 PCT/ US03/ 05500
-10 Bri efwDesor27pd i on of the Figures: Figure 1. Bindi ng eaCTAaIstd/eBERS
nonocl onal antibodies to CCR5' cells: Flow cytonetry was used to detect
CCR5 protein expression on the surface of-ilpl. 2-CCR5' cells and freshly

i sol ated, PHA/IL-2- stlrrul ated PBI\/C CeIIs . ere i ncubated with saturating
concentrations of BXd D / detBEtS¥d with a PE-| abel ed

anti - nouse 1gG reporter antr body Resul ts froma representative experinent
are shown. Results.for each mAb are expressed both in mean fl uorescence
intensities (mf.Fiy9%5Rdbin % gated cells. Since PA8-PAl12 and PAl4 are all
of the 1g@ subcl ass, Bimding mif antiafeR%limesidlynednpat dbd@ie Db ICCREN
lg&a. Figure 2: C values fondifferent conbinations of mAbs and viral

i nhibitors: Experinents |ike those described in the | egend of 7 were
performed for different:TbnbYhaTToNs Y8Ff WS Bft I’%?tle%ﬁl bttt spr%ﬁ?’r@CCRS
mAbs were tested in cemyartionon om ttheeanlr fetdeergf 0G-. cloerski oesl s asmad

CD4-19G2, which inhibifs. )\ 1 s@rartae%hrrem/tﬁ tzage%ufaeééé paie. PALL; and
PA12 concentration range was 0- the 2D PA14 concentration

range was 0-25 gg/nl; YHe Pﬁﬂﬁ@%n?ﬁéﬁ}ﬁréFFBﬁaF%eC%EeW%@W/n‘P t he
CD4-1gQ& concentrati oneaa@angerinas wdi2b ggirel .dckieetedoncient r at iPBA3abéled

si ngl e-agents or theiraﬁ%f¢ﬂ8ﬁ§% IgG reporter antibody. Results from a

representative experiment are shown. Results for

each mAb are expressed both in mean fluorescence
intensities (m.f.1.}) and in % gated cells. Since
PA8-PA12 and PAl4 are all of the IgGl subclass,
their m.f.i. are directly comparable. 2D7 is an
IgG2a.

Figure 2:
CI wvalues for different combinations of mAbs and

viral inhibitors:

Experiments like those described in the legend of
Fig. 7 were performed for different combinations
of viral entry inhibitors. Anti-CCR5 mAbs were
tested in combination with each other, cc-
chemokines, and CD4-1gG2, which inhibits HIV-1
attachment to target cells. The PAll and PA1l2

concentration range was 0-250 pg/ml; the 2D7 and

PAl14 concentration range was 0-25 ug/ml; the
RANTES concentration range was 0-250 ng/ml; the
CD4-1gG2 concentration range was 0-25 pg/ml. The
concentrations of single-agents or their mixtures
required to produce 50% and 90% inhibition of
fusion or entry were guantitatively compared in a

term known as the Combination Index (CI).



required to produce 50% and 90% i nhibition of fusion or entry were
quantitatively conpared in a termknown as the Conbination Index (Cl). WO
03/ 072766wWB@3M1B6E/ 05500 -11- Figure 3: |Cs. values for ipamiusos/ossm0 of
cell-cell fusion, wviral entry and gpl20/sCD4 binding by anti-CCR5 mAbs:
For conparative purposes we have sumarized.,the [1C50 val ues obtained in
the different assays that the anti-CCR5 S were tested in. 1C50 val ues
were only cal cul Bteded gr: mAbs that could inhibit >900 of fusion, entry or
bi ndi ng. Figure 4: Epifiope gBaR5NGEHN aphinCCRMm MAks: cA it we1§0l pis Sd4 ni ng
protocol was used to assess _bji ndi ng.of_ nmADS T, myrant CTCRS progei '
tagged at the G ter miAdEw-EHE apd AR08 CDE banding, by BRELCERS CoRS
point mutants were ingudat:ed with saturating concentrations of each mAb
follovvedtby det ecti onp i t BompdiErd ARe! glrgddds MESGhEG sieldrizeur fage
COTLECEPLOr expr eSS on s, TS S0, D oL Prg AL BHILAL LD Pl L th @
extracel | ul ar domai ns wWfe GIRS.-CTRE fiRbstvweniy ofstegvdny §Fidvhhdeeareset he
anino aci d sequence of o thecLRANGSRRNGI Y GRS exdd acaklyl an dormi o (SEQ

I D NOS: 1-4) . Bindi ng%fof anti-CCR5_mAbs to fhe alanine nutant of each
residue i s expressed a¥ & U3éFcehithgé Of HiHHi™g to wild-type CCR5, as
described in Materials and Methods. Figure 5: Inhibition of calcium

nmobi | i zation i nt op QRPe cells Dby anti-CCRS5 mAbs:

Epitope mapping of anti-CCR5 mAbs:

A two color staining protocol was used to assess
binding of mAbs to mutant CCR5 proteins, tagged at
the C-terminus with the HA peptide. Hela cells
expressing CCRS point'mutants were incubated with
saturating concentrations of each mAb followed by
detection with a PE-labeled anti-mouse IgG. Cell
surface co-receptor expression was measured by
double-staining of the cells with a FITC labeled
anti-HA mAb. The four grids correspond to the four
extracellular domains of CCRS. The first row of
every grid indicates the amino acid sequence of
the corresponding CCR5 extracellular domain (SEQ
ID NOS: 1-4). Binding of anti-CCR5 mAbs to the
alanine mutant of each residue is expressed as a
percentage of binding to wild-type CCR5, as
described in Materials and Methods.

Figure 5:
Inhibition of calcium mobilization into CCR5' cells

by anti-CCR5 mAbs:

L1.2-CCR5' cells were 1loaded with Indo-1AM and
stimulated seguentially with an anti-CCR5 mAb or
PBS, followed with  RANTES (a) . Fluorescence

changes were measured with a spectrofluorometer

and the tracings are from a representative



L1.2-CCR5' cells were | oaded with Indo-1AM and stinul ated sequentially
with an anti-CCR5 mAb or PBS, followed with RANTES (a). Fluorescence
changes weoa3snedasured with a spectrofl uoronmeter and the tcaaisngiessere from
a representative WD 03/072766 PCT/ US03/ 05500 -12 experiment. Cal cium fl ux
i nhi bition by PA14 and 2D7 was tested fori1a-w de range of mAb
concentrations (b). Results are plotted as.. inhibjtion of calc¢ciuminflux =
[1- (relative fIuore§?§ﬁ3€”ﬁﬁtthégﬁfgggnégﬁﬁ 191?%9%&P¥e%AH2Kﬁ% cence
in the absence of mMAb)IDk 1089, &mdtedre fmwans of widg uegahgem toHr eemAb

i ndependent experi mendgh HrqdkeoRs | 1B bi triels CGRS cp1peeapt ois f unction
by anti- CCR5 mAbs: Inhibitiaon of cell-cell fusian by anti-CCR5 S was
tested in the RET assay*ird)ti67258 /nfai?luT¥¥%q£iff, 6r 02259/ hf3F ¥AL4 or
2D;, wgre gdded to a ilmﬁbr(é{scléﬂbé' B JIRhEL pran@nkdl sel mbf |—:abeleﬁ§itifwth

F18 and R18 respectively. Fluorescence RET  was neasur after 4h o

i ncubation. Results arEl"HESTVEFuEd fPEmIINEES & eﬂgﬁgénf(e&%%?ﬁn%%qs and
are expressed as % inhate tioeewd fobi omatugd- (oRETthneehe ipAependenif mAb
- % RET in the absencecyQfrimlakk.x 100% Inhibition of H V-1 entry by
anti-CCR5 mAbs was tested in a single round of replication luciferase
based entry assay (b) . U87- CD4'CCR5' cells were infected with NLIuc' env-
reporter virus cafFiging $he JR-FL envelope in the presence of 0-250g/m of
PA8- PA12, or 0-25g/m 1RAMkQlon2ldr togd f 8basecafidi tyndd @ity eaht ght
units, r.l.u.) was meaggred -1n cell Tysates 72

Inhibition of cell-cell fusion by anti-CCR5 mAbs
was tested in the RET assay (a). 0-250pg/ml of

PAB-PAl12, or 0-25ug/ml of PAl4 or 2D7, were added
to a mix of Hela-Env, .’ and PM1l cells, labeled
with F18 and R18 respectively. Fluorescence RET
was measured after 4h of incubation. Results are
mean values from three independent experiments and

c

are expressed as % inhibition of fusion = [1-(%

RET in the presence of mAb + % RET in the absence
of mAb)] x 100%. Inhibition of HIV-1 entry by
anti-CCR5 mAbs was tested in a single round of
replication luciferase based entry assay (b). U87-
CD4'CCR5" <cells were infected with NLluc’env’
reporter virus carrying the JR-FL envelope in the
presence of 0-250pg/ml of PA8-PAl2, or 0-25ug/ml
PA14 or 2D7. Luciferase activity (relative 1light
units, r.l.u.) was measured in cell lysates 72h
post-infection. Results are from a representative

C

experiment and are expressed as % inhibition of
entry = [1-(r.l.u. in the presence of mAb + r.l.u.
in the absence of mAb)] x 100%. Binding of
biotinylated [b] gpl20, sCD4 and b-gpl20-CD4
complexes to L1.2-CCR5' cells (c). Strong binding

is observed when gpl20 derived from the R5 virus



post-infection. Results are froma representative experinment and are
expressed as % inhibition of entry =[1-(r.l.u. in the presence of mAb -.
r.l.u. iwotberabsence of nmAb)] x 100% Bi nding of bioti rgfrasesiofst] gpl20,
sCD4 and b-gpl120-CD4 conplexes to L1.2-CCR5' cells (c) . Strong binding
is observed when gpl 20 derived fromthe RS yirus WO 03/072766
PCT/ US03/ 05500 -13 HI V-1JR-FL is conplexed with an equi nol ar anount of
sCD4. No binding is obS&riad.i hst hemabs@fceridh CEIWMAlgr gRPRDtdeti ved
fromthe X4 virus H VgkpsLAlno Backgirungds bichdeRged 0 i@CREhe Libgeged | £fhas
been subtracted fromal| curves. Inhipition o 120/ s hi_ndi t
L1.2-CCR5' cells was te&fed” :% Tt ﬁg%geé%ﬁ%\ée%ff%é%ﬁgqggnvclerrlf r%?{\légs of
each antibody (d). Cells Bemkgrpuadi fdmsaned th 96Rpel IL1 @ aceklsn PRsan
anti-CCR5 mAb fol | onegay agupd tat | pronv bhia satwsat i ighepncest r affi on of
bi oti nyl ated gp120/sCD4. _Finally, .bindi ng of_ PE- el ed.streptavidin to
cell's was neasured usﬁﬁd28/S$PﬁoPé§§5%%eg%lg%égﬁgg er .© éguﬁFg §F§QF§0n1a
representative experi nmentthendrasenegprésyedyarg sronegniatiomsoPigeealy sCh4
by S Tob% P gure B o By PAL2
X o Figure 7.  Synergistic_inhihiti o] =C si.on
and 2D7: Dose-respons& @iFves"nef e %%té?%@dC%%F pﬁ%g %fiﬂgﬁglfﬁdi%%ﬁually
and in conbination. 0-5Cwbakiof VIR D- ZBFurRtIng, 6PnEeRbiRSiieat i & of
the two in a 2:1 ratigotwekgatddedpt 0o pstx. ofikelay Enydfafts oandPML

cells, |abeled with R8 and F18 respectively.  Flugresgence RFTLMAY

nmeasured after
fluorescence plate reader. Results are from a

representative experiment and are expressed as %
inhibition of gpl20/sCD4 binding = [1-(m.f.i. in
the presence of mAb + m.f.i. in the absence of

mAb)] x 100%.

Figure 7
Synergistic inhibition of cell-cell fusion by PAlZ
and 2D7:

Dose-response curves were obtained for the mAbs

used individually and in combination. 0-50pg/ml of

PA12, 0-25ug/ml 2D7, or a combination of the two
in a 2:1 ratio, were added to a mix of HelLa-Env, '
and PM1 cells, labeled with R18 and F18
respectively. Fluorescence RET was measured after
4 hours of incubation. Results are expressed as %
inhibition of fusion and are the means of values
from three independent experiments. Data were
analyzed using the median effect principle, which
can be written
£ = 1/01 + (K/c)™] (1)

where f is the fraction affected/inhibited, c¢ is
concentration, K is the concentration of agent

required to produce the median effect, and m is an



4 hours of incubation. Results are expressed as % inhibition of fusion and
are the neans of values fromthree i ndependent experinents. Data were

anal yzed weoiosg727bee nedi an effect principle, which can bepremiusvzesséo = 1/ |
+ (K/c)n] (1) where f is the fraction affected/inhibited, c is
concentration, Kis the concentration of agemt required to produce the
medi an effect, and mis_an V\DO3/0 766 PCT/USO3/05500 -14 enpirjca|
coefficient describi ngSTht itdpe Bt e S HoSESFEE LIS et ur $22P ?J%t %B’ﬁ (1)
is a generalized forndo$ettrspaqEat consedeEaratbiary Michaeki geNentbhzeénzyne

ki netics, Langmuir adseasp(al Qfl 'tﬁ@t eeﬁa*emn@neegeﬁfﬁrr@omllé@e%@heahéﬁton
i onization equilibria, sent case,

to the 1C50 value. K aﬁHZYW%\erkéna&gFm r?éélf’gd‘i}u uf"sﬁmﬂ?ttlﬁrhg ltsﬁeherms'
dose-response curves aaudd Hpualterenn(iysaebbaledr r angédat ooral leqwidabriaat i on
of ¢ for a given f. Theopemémtmpar arretzer %hfeovbrléseﬁt@dcgs@rex81§géaha@nd
0.54 for PA12, 0.36g/m and 2D7, and

$ %/ m a(g %r t he| r
conbi nati on. These curV8s &fe P 5f’)tte@(}ugnd Il(n(ff‘lnélatr& & Fed %tr?éfﬁrlléle
goodness-of -fit bet vveenu?ewmnltrteng attet hedeye-faegnomnesel8:. Thrses$i gua:edshows

the anmino acid sequencey@icidie (1) ghtschabpry é@bke e@%m chlc@lQHfJ@Hi zed
version of nouse anti -EZCRS antl bod PA%4®SE EO and the_nucl eic
acid sequence encodi ng®t he §3he® ¢ esh 50?8?"83%?% £9F ¢ Ke
invention. SEQ ID NO addi dentrief mess;tgb/ellr e-,g1d)no czf4 SE& | BAND, 5 .3whgewl codes

for the amno acid sequence set forth in SEQ I 6. This I| ht chain
vari abl e region nd 0.68 for 2D7, and 0.11ug ml and 1.1 r their

combination. These curves are plotted and indicate
a reasonable goodness-of-fit between experiment

and theory.

Figure 8B:
This figure shows the amino acid sequence of the

light chain variable region of a humanized version
of mouse anti-CCR5 antibody PAl4 (SEQ ID NO: 6)
and the nucleic acid sequence encoding the same
{SEQ ID-NO: 5), in accordance with the invention.
SEQ ID NO: 7 identifies the region of SEQ ID NO: 5
which codes for the amino acid sequence set forth
in SEQ ID NO:6. This light chain variable region
is present in the antibodies designated herein as
PRC 140 #1 and #2. The complementarity-determining

regions (‘‘*CDRs’’') are underlined.

Figure 9:

This figure shows the amino acid sequence of a
first heavy chain variable region of a humanized
version of mouse anti-CCR5 antibody PA14 (SEQ ID
NO:9), and the nucleic acid sequence encoding the
same (SEQ ID NO:8), 1in accordance with the
invention. SEQ ID NO:10 identifies the region of
SEQ ID NO:8 that codes for the amino acid sequence



is present in the antibodi es designated herein as PRO 140 #1 and #2. The
conplenentarity-determning regions ("CDRs") are underlined. Figure 9:
This figweoshmaes t he am no aci d sequence of a first heavgTaises/osswari abl e
region of a humani zed version of nouse anti-CCR5 anti body PA14 (SEQ I D
NO 9) , and the nucleic acid sequence encoging the same (SEQ ID NO8), in
accordance with the invention. SEQ ID NGO 10 identifies the region of SEQ
ID NO 8 that codes fomethefantho &ti dEeqUénc&OWD. 037T072768=9TT/ YS83,05500
-15 f\et fO_rL hdl n gEQ_ |er|J\.|Q39% TBb§iB§aVYR(s)Ch%lr@seM@-“h ahl e gregi czannj'is>él>|aufylesenéI
in the anti body esi gnate erein_as_P 1 #2. T CDIgsfar underl i ned.
Figure 10: This fi gurgeEFI%gt?(ﬁle NEAEAS &5 d%ggqéélr%)ceg%f a ese(g%%sd ﬁ%gvy
chai n vari abl e regi onuwfealhog®tni zed version of nobuse humani zed anti - CCR5
anti body PA14 (SEQ ID NGO 12) and the nucleic acid sequence encoding the
same (SEQ ID NO 11) in accordance wth the invention. SEQ ID NO 13
identifies the rEgiue 80:SEQ ID NO 11 that codes for the amino acid
sequence set forth inBEQ |DNDel2shdhd Sthbeawyinehaidiavaséabireer egfor i s
present in the antibody designated, herej Q. #L¢ The, GRS . €
underlined. Figure 11:S%i°h?§| ll@-gf)ggegg ﬁﬁu%ﬁ?%%% élntjcifbody pot entl y
reduces viral [oads irverisven SEI Drwse e wkare ze€c GRSE T FER 2P 1P Hori ¢ hunman
PBMC and infected w t hgdgV- i81-msfihenna vinal mstleddy stade swapierezched,
the animls were trea%ﬁ%oding the same (SEQ ID NO:11) in accordance

with the invention. SEQ ID NO:13 identifies the

region of SEQ ID NO:11 that codes for the amino

acid sequence set forth in SEQ ID NO:12. This

heavy chain variable region is present in the

antibody designated herein as PRO 140 #1. The CDRs

are underlined.

Figure 11:
Single-Dose of humanized CCR5 antibody potently

reduces viral locads in vivo:

SCID mice were reconstituted with normal human
PBMC and infected with HIV-1,..-- When a viral
steady state was reached, the animals were treated
with a single 1 milligram i.p. dose of humanized
CCR5 antibody (PRO 140) or isotype control
antibody and monitored for plasma HIV RNA (Roche
Amplicor Assay) .

Figure 12:
Sustained Reduction in Viral Load:

SCID mice were reconstituted with normal human
PBMC and infected with HIV-1,..,. When a viral
steady state was reached, the animals were treated
i.p. with 0.1 mg doses of humanized CCR5 antibody
(PRO140) every three days and monitored forAplasma

HIV RNA (Roche Amplicor Assay) .



with a single 1 mlligrami.p. dose of humanized CCR5 anti body (PRO 140)

or isotype control antibody and nonitored for plasma H V RNA (Roche

Anpl i cor we93a9)276d-i gure 12: Sustained Reduction in Viral POaSIHBE® m ce

were reconstituted with normal hunman PBMC and infected with H V-1JR CSF.

Wien a viral steady state was reached, thaeanimals were treated i.p. with

0.1 ng doses of humani zed CCR5 anti body (PRO140) every three days and

nonitored for plasma H V RNA (Roche Anplicor Assay). WO 03/072766

PCT/ USO3/ 05500 -tbgquféquae 13: Denpnstrates that there was no depletion of

| ynphocytes with the ti (P 140) in
é%éﬁseggiegCRQh%@ Q9g¥e &gé ﬂg EE??%% 55 ?&ﬂAO)

accordance wth the invention. gure 14: Humani zed {P
Potently Bl ocks CCR5- %%m9¥&9¥}eﬁlvlihcﬁh? T%ﬁIoiﬁﬁﬂ%n?CRﬁuPPﬁébQQFE BR? i body
was humani zed usi ng the4ongitegpdireld ¢onptenehiratel wytdetee nimvaig ircegi on ( CDR)
grafting and framework substitutions. Humani zed CCR5 anti bodies (PRO 140
#1 and PRO 140 #Zg,mere expressed in Sp2/0 cells, purified by protein A
chr omat ogr aphy and2 or the ability to block replication of

H V-1JR F:, env-nedi at@grareiderdaneCRY ughovibady deBrOided pbiémihy Biloaks, J,

Virol ., 70:6437, 1996)caFire L hmnized QOB rAgi bhody (PRO 140)

Medi at es Potent, Subt € 5 Ant i bodi es
Upro 190 51 and #2) - bRy G e Anc ROR TR Ty Fhrne et Be | 1y

to bl ock method of complementarity-determining region (CDR)

grafting and framework substitutions. Humanized
CCR5 antibodies (PRO 140 #1 and PRO 140 #2) were
expressed in Sp2/0 cells, purified by protein A
chromatography and tested for the ability to block
replication of HIV-1l, ., env-mediated membrane

fusion as described (Litwin, et al., J, Virol.,

70:6437, 1996) .

Figure 15:
Humanized CCRS5 Antibody (PRO 140) Mediates Potent,

Subtype-Independent Inhibition of HIV-1.
CCRS5 Antibodies (Pro 140 #1 and #$#2) according to

the invention were tested for the ability to block
replication of wild-type HIV-1 in peripheral blood

mononuclear cells (PBMCs) as described (Trkola et
al., J. Virol., 72:396, 1998). The extent of

viral replication was measured by assaying the p24

antigen content of 7-day PBMC culture
supernatants.
Figure 16:

This figure provides a hap of plasmid pVK-HuPRO140
encoding the light plasmid chain variable region
shown in Figure 8 as well as the human Kappa
constant regions as described in Co et al.,
J.Immunol., 148:1149, 1992.



replication of wld-type HV-1 in peripheral blood nononuclear cells
(PBMCs) as described (Trkola et al., J. Virol., 72:396, 1998). The extent
of viralwoephiweti on was nmeasured by assaying the p24 aRCrgsos/eso ent of
7-day PBMC culture supernatants. Figure 16: This figure provides a map of
pl asm d pVK- HUPRO140 encoding the light plasm d chain variable region
shown in Figure 8 as well as the human Kappa constant regions as descri bed
in Coet al., J.lmmnol., 148:1149, 1992. WO 03/072766 PCT/ US03/ 05500

-17- Figure 17: Thisgukkgute provides a map of plasm d pvVg4- HuPROL40 H&X

encodi ng the heavy chapn,varjable region shown in Figure 9 as well as the
human heavy chain conggéﬁt #i?’dir(?ns,pr%ﬁigeﬁi n@e,m@Z,ggncpld%‘,ldof PVHGAAN

| g&4 as described in COuBROMQ BUpreendidjmoe itBe Twayyf i ghadn prveviidedea map
of plasm d pVg4- HuPROL4Q; udnR#HD+l ) encoding the heavy chain variable
region shown in Figure,l as wel | as the uman heavy chai n_constant .
regions, CHL, hinge, &Pp F3dec, 35 Kuhan 359G Gs Cr i BEYY n ce3 18t

al, Supra. Figure 19 HooPROIZA0 BEotkss Hl VH1, ButirNet, RABAESa8idgrzdi .ngoPRO1L40

anti bodi es according tauhhe idueenlsi aRsWeiBeat Bst@d f0L1t heygbility to block
RANTES- i nduced cal cium nobilization in L1.2-CCR5 cells (A son, et al.,

J.Virol., 72:396, 1998). This figure shows that a hunmani zed CCR5 anti body
(huPRO140) bl ocks Figure 18:

This figure provides a map of plasmid pVgs-
HuPRO140 (mut B+D+I) encoding the heavy chain
variable region shown in Figure 10 as well as the
human heavy chain constant regions, CH1l, hinge,
CH2, and CH3, of human IgG4 as described in Co et

al, Supra.

Figure 19
Hu PR0O140 Blocks HIV-1 But Not RANTES Signaling

PR0O140 antibodies according to the invention were
tested for the ability to block RANTES-induced
calcium mobilization in L1.2-CCR5 cells (Olson, et
al., J.Virol., 72:396, 1998). This figure shows
that a humanized CCR5 antibody (huPR0O140) blocks
HIV-1 but not RANTES signaling.



H V-1 but not RANTES signaling. WO 03/072766 PCT/US03/05500 -18 Detailed
Description of the invention: The plasm ds designhated as HuPROL40- VK,
HuPROL140 wQmsn#BedD+1 ) - VH, and HuPROL40 HG&2- VH, which are petaisozassot o in
figures 16, 18, and 17 as pVK- HUPRO140, pVg4- HuPRO140 (rnut B+D+l) and
pVg4- HUPRO140 H&X2, respectively, were depg%_ited with the Arerican Type
Culture Collection, Manassas, Va., U S A 108 on February 22, 2002,
under ATCC Accesgieraillled. DEHdY #43936n ofTAh409@vemiti dAFA 4098 respectively.

These deposits were de rsuant to the provisi f e B t, .Treaty
on the Internatidng %&fdﬁl%lsl on edgflgtnl‘?éegepoassi t O&Hﬁ\}l%cor'ggl’galr%ﬁ%%gﬁf‘}gr t he
Pur pose of Pat ent(rRrto@edul e- VY BudapdbtPRId4t V52 - Thi swhislergjorrgfeavedes a
conposi 'éli on for inhi fglijt lflilg-illl_fég; V]}]g;,i rlfge,ctg\m Wnﬁ][si sém;@tp_Rb_@ast H}pm@z;-
conpounds in synergistica ef fective anount or..in n A

i nfection, wherei'ffA° 1 8ast %Wé of +rlf)éﬁéorrpo""unrﬁizls 0t 4V?H?l§to\l}m4?h t?\ﬁgﬁ,
productive inter actsrertheeiren wirg- 1deppsl tad HWYEh fuhsi oAMedi¢dref¥®E. As
used herlei n, "gormgsjﬁltxieon&oms%&l,][ﬁ YHE8sadhe Va(l.?”pQSEtAOnSZ_dlrtlfﬂ uds: _butI
are not limted to those _suitahle for. or rectal,. intyavagjnal,,stopical,
nasal , opt hal ni ¢, Gt*Y5aredter glolaﬁdmuﬁfjgfrghc%ng %esésmsnug\j{%c't qJT%s 41?59te7d
herein, " parent e?&d "2099clknde8Thut 098 rewnedtivielEd ToesauderAddcsuyere
intravenous, intfa@ISGRbntOkol RhkagheiNalohd] €€t {10 SERdapddtush@aty
techni ques. As used herein, "H V-1" Eealtgs t he thumamofi mnoggfésciten% Vi rus
type-i. H V-1 inctudéLepout™ i gt i m 2 Y Xt adel I'ular Vi Fus particl es
and the forns ofuHiNéckghoundsi nEddt V-thei nPecpesk celfl sPa%aneWQ@cgirrﬁ

"H V-1 infection" (Wstch@reaty) .

This invention provides a composition for inhibiting
HIV-1 infection comprising at least two compounds in
synergistically effective amounts for inhibiting HIV-1
infection, wherein at least one of the compounds
prevents with the productive interaction between HIV-1

and an HIV-1 fusion co-receptor.

As used herein, ‘‘composition’’ means a mixture. The
compositions include but are not limited to those
suitable for oral, rectal, intravaginal, topical,
nasal, opthalmic, or parenteral administration to a
subject. As used herein, ‘‘parenteral’’ includes but is
not limited to subcutaneous, intravenous,
intramuscular, or intrasternal injections or infusion

techniques.

As used herein, “'“HIV-1" means the human
immunodeficiency virus type-1. HIV-1 includes but is
not limited to extracellular virus particles and the

forms of HIV-1 found in HIV-1 infected cells.

As used herein, “W“WHIV-1 infection’’ means the

introduction of HIV-1 genetic information into a target



i ntroduction of H V-1 genetic information into a target WO 03/072766
PCT/ US03/ 05500 -19 cell, such as by fusion of the target cell nenbrane

wi th H V-woos/noanied V- 1 envel ope gl ycoprotein' cell. The pargsod/estd may be
a bodily cell of a subject. In the preferred enbodinment, the target cel
is a bodily cell froma human subject. Asjiysed herein, "inhibiting H V-1

i nfection" nmeans the reduction of the anount of H V-1 genetic information
i ntroduced i nto a“®hat geFUeB| 12spopul AvF PP asfcoiparearasd €4l aneuptanchat
woul d be introducetdcm ttwoui &aizh mnpo&mbbmapeﬁglyéﬁﬂrdt%rﬁfnceiponnwnd"

means a ol ecul ar. eplid Veerd NELHOR00: Do DAY LLTH LoH LORERIIORS, cpe

pol ypepti des, and organic I nor ga ecules an

t hereof. As used REfEfFLed sgRadimspitcalthy éPF%%?lQ%llnE%né PRatlY terll

conbi ned effect ofrdhes compounrddjeben used in conbination is greater than
their additive effects when wused individually. As used herein, "productive
interaction'' neans that the interaction of H V-1 and the H V-1
co-receptor woul 85| 68C tRERHE f usT RN OFC 10 HIMr¥- 1nbecHR'T meavel bk

gl ycoprotein' cel Feandcide oenmimanearhearti ngt t HEV- Tograeept Orinf Asmarsish

herein, " t 1 t t t, of
nerein, —preven SaLPPo§£8Q¥%Jh%? 'g%?g@? nghgﬁﬁﬁﬁﬁﬁl%%a%s ggg APt O

interaction is reduced as woul cur mﬁthout
the conpound. Théh?nt%m%&ﬁq(nﬁ?Qﬁaywﬁélﬁre@%nt%&F%ﬂﬁqﬁ%ﬂq g Ehert al $2%9 ng
interactive regi oasmpositiorco-receptor or H V-1 or by altering the
expression, aggregation, conformation, or association state of the
co-receptor. WD 03/072766 PCT/USO3/05500 - 20

As used herein, ‘‘compound’’ means a molecular entity,
including but not limited to peptides, polypeptides,
and other organic or inorganic molecules and

combinations thereof.

As used herein, ‘‘synergistically effective’’ means that
the combined effect of the compounds when wused in
combination is greater than their additive effects when

used individually.

As used herein, ‘‘productive interaction’’ means that
the interaction of HIV-1 and the HIV-1 co-receptor
would 1lead to the fusion of said HIV-1 or HIV-1
envelope glycoprotein® cell and the membrane bearing the

co-receptor.

As used herein, ‘‘prevents the productive interaction’’
means that the amount of interaction is reduced as
compared to the amount that would occur without the
compound. The interactions may be prevented by maskiﬁg
or altering interactive regions on the co-receptor or
HIV-1 or by altering the expression, aggregation,

conformation, or association state of the co-receptor.



As used herein, "H V-1 fusion co-receptor” neans a cellular receptor that
nmedi at es fusion between the target cell expressing the receptor and H V-1
or an Hwebd3emnied ope gl ycoprotein' cell. H V-1 fusion coPCTaSe3nssos
include but are not Iimted to CCR5, CXCR4 and ot her chenokine receptors.
This invention also provides a conpositionadich inhibits fusion of H V-1
or an HI V-1 envel ope glycoprotein' cell to a target cell, conprising at

| east two conpoufids Y3FSyRergist i cal 1Y lef ettt eCanbefiREFOr  Sihi #i ng
fusion of H V-1 oredhubh¥- Ireerepelbopethgt yoopticteisn' feeldn t beawieahgetheel |,
wherein at | east f CamIQ pr.eyen r cti-ve. interaction
bet ween H V-1 andtggsﬁ?v-ctfli?um on %%g%?ectgﬁt Q%&é urge%gﬁe%giy’ni "C%lt.ISIglgn"
nmeans the j oi ni ngHoV ~tni YW OCPEt helY FIREP K iray &€ tenbRaYes Hori@ronco-
mamral i an cel | s oreceptuses isuthdasbht Vate Thits pimoicesis e dcssj ngrcrhed
fromthe attachment,qof V- dR i@ nkakget€6ld . Attachment is nmediated by
the binding of the HHV-1 exterior glycoprotein to the human CD4 receptor,
which 1is not a fusion co-receptor. As used herein, "inhibits" neans that
the amount is redbhded asveonpar edaldd h piweriaimsunta t hatmpasultdonccuhich

wi t hout the compogihhiiBResAS susednhergi nuyriiar gely cebl’ ' yapans ancehbpe
capabl e of being infected Jg%/foor Lusm W th Hlv-i or HV-1 infected
celI's. As used hefé¥RoPEoththokfhe O fbdifd 95 e FEoki nE TS ¥ 2tst FidiFat e
| eukocyt e novenmentwoTheypraydbeivhayaeter$tzierhl lys eifeleeiveysmoyst or for
cys- X-cys dependi HQh@BiW@ﬁ%hefué% tywo amno t ey nal eystei nepheshgdues
are imedi ately WO_03/ 072766 PCT/ US03/ 05500 -21 aﬂ acent or separlat ed by
one anmino acid. |@l¥REPhgegin csll to ' t

one of the compounds prevents the productive

a target ce wherein a eas
interaction between HIV-1 and an HIV-1 fusion co-

receptor.

As used herein, ‘‘fusion’’ means the joining or union of
the lipid bilayer membranes found on mammalian cells or
viruses such as HIV-1. This process 1is distinguished
from the attachment of HIV-1 to a target cell.
Attachment is mediated by the binding of the HIV-1
exterior glycoprotein to the human CD4 receptor, which

is not a fusion co-receptor.

As used herein, ‘‘inhibits’’ means that the amount is
reduced as compared with the amount that would occur

without the composition.

As used herein, ‘‘target cell’’ means a cell capable of
being infected by or fusing with HIV-1 or HIV-1

infected cells.

As used herein, ‘‘chemokine’’ means a cytokine that can
stimulate leukocyte movement. They may be characterized
as either cys-cys or cys-X-cys depending on whether the

two amino terminal cysteine residues are immediately



but is not limted to RANTES, MP-la, MP-10, SDF-1 or another chenoki ne
whi ch blocks HI V-1 infection. In one enbodi nent of the above conpositions,
the co- reoepbh™76d s a chenoki ne receptor. In the preferregCTastmeisment of
t he above conpositions, the chenokine receptor is CCRS or CXCR4. Several-
ot her chenokine and related receptors are—khown to function as H'V co-

receptors includi ngshut pot. ligdted C}‘%RZ CCR3 STRL33, GPR- 15,
CX3CRL and APJ (69). AsnuseéJ herel n,tte'%ch ok he T eeeptst e -rge%nlélcalu Eitber

of a honol ogous faf |4 afotsevievitedanonBAbIEAe ¥pan nMIRap, SOFfacer

proteins that bindrheepkingsok A URBENNEIBLRs RS g @3 5hemoki ne
receptor which binds nenbers of the G C group of chenokines and whose

am no aci d sequence conprises that provided in Genbank Accessi on Nunber
1705896 and rel at ddh poteynenipddionentarefantse Abousedohpbei tij oridOXCRYE k®-a

chemoki ne r ecept oryauaipey binds meAbRnsAl Lheebrdt C groupnof GhsmOkLges
and whose am no aci d sequence coggrl ses that provided in fbank

Accessi on Nunber A0B85A™&RY % at8d FHRMFor PATROS MGt sthe n Gis@okine
enbodi nent of the ralvepeortoApoSTREons, CACRY eaSévernie afhadrheeawpadadantds a

nonpept i dyl ol eculca.cLB angeREbadi JBRNt 4 rbhg neNPepLi e i the
bi cycl am conpound A@EBlOO. .ef%). As usednherei n, ﬁ%%g%%%. é%l Cériﬂo\’leegél e’

nmeans a ol ecul e TH&P 8bes VARG sPUE nTts bHPiYSS ytef &CR3i n€&R3.
sequence of am no @&&edssTRiked dBR&pt CdeChbnalsd ARN nenpept i dyl nol ecul e
may, however, contain one or WD 03/072766 PCT/ US03/ 05500 -22- nore peptide
bonds. In one enbqdi nent of the aboye conpositions, at |east one of the

compounds is an anti BS8Y. PFRCUhe efBGUPHERT ,fecepPtor’’ means a member of
a homologous family of seven-transmembrane spanning

cell surface proteins that bind chemokines.

As used herein, ‘‘CCR5" is a chemokine receptor which
binds members of the C-C group of chemokines and whose
amino acid sequence comprises that provided in Genbank
Accession  Number 1705896 and related polymorphic

variants.

As used herein, '‘CXCR4" is a chemokine receptor which
binds members of the C-X-C group of chemokines and
whose amino acid sequence comprises that provided in
Genbank Accession Number 400654 and related polymorphic

variants.

In one embodiment of the above compositions, at least
one of the compounds is a nonpeptidyl molecule. In one
embodiment, the nonpeptidyl molecule is the bicyclam
compound AMD3100. (16).

As used |herein, ‘‘nonpeptidyl molecule’’ means a
molecule that does not consist in its entirety of a
linear sequence of amino acids linked by peptide bonds.

A nonpeptidyl molecule may, however, contain one or



the anti body is a nonoclonal antibody. In another enbodinment, the antibody
is a anti-chenokine receptor antibody. In one enbodi nent, the antibody is
an anti- vOX@Rd72aed | body. In a further enbodi nent, the ant PCOXSE0sseNt i body
is 12G5. (43) . In a preferred enbodinent, the antibody is an anti-CCR5
anti body. The anti-CCRS antibody includes-22# is not limted to PA8, PA9,
PA10, PAll, PAl12_ ?Al 9d%qg add this conposition the conpounds are in
an appropriate rath o ioranges from1l:1 to 1000:1. The nonocl onal
anti bodi es PA8, PA9, PA10, PAl1l1, PAl12 and PAl14 were deposited pursuant to
and in satisfactian oofe, dﬂhbdh@qutremenm& QﬁKREECBM@%@QSEoﬁéﬁaEV Qeabbe

I nternational Rec f osit _of [ Q0T gani s

Pur poses of Paten%g%roce B%ecgﬁf?ﬁﬁf éjﬁﬁérﬁgg%g 3 ?%I??ﬁefﬁéﬂql cPFon
(ATCC), 10801 UnitB&r sPRYLIBRN evidr d2 MaPARGSEHEa 1y uaguthbad2011mzz@9tbﬁr
Decenber 2, 1998 un\(deamaﬁtfolchevmamlgl%@ﬁsssom Nexst 1 - chdhidk 1A6Cessie@R oNo.

HB- 12605 ( PA8), ssign JCC. Accessi on i

No. HB- 12607 ( PALO) 997&@@ Aggegglgonmﬁgd}ﬁgg€26€€géaﬁ%bo%cﬁAcceSS| 37 No.
HB- 12609 (PAL2) ATERIABEBEERPEH NG! HBULEben erRedimenty drhst ket icRB68Ament
of the above conpasitibeas, itWe205. M3e. ofn thepcorpatideriaiavht bodhes. In

one enbodi nent venptio n di es_i.nc ude ut ar nQ '
limted to PAS, Pﬁ&kqgﬂﬁg E%l 4 T§t§5;1§9an d 'ﬁ%ls cgnpoéﬁglon
t he anti bodi es aréntﬁbaﬁyab%¢%ﬁﬁﬁ%uh¥t A&t net Th@l?%ﬁlQPrEﬁﬁge§mﬁnoﬁ%101 to

50:1. As used herern;," apdibodyhireadisa anpznmunogltelwl i Bomp®d BGWE the
conprising two heav% chalns and. two |ight VK)Q3/072766tF /U§Q3/05500 -23

chai ns and whi ch recBgnlzes an Ehfnbg' The 18 nnﬁ%%b obulS i 4roleddfrd® ﬁay

derive from any ofrePhel:&orPol3P known cl asses, including but not |imited
to

The monoclonal antibodies PA8, PAY9, PAlO, PAll, PAl2
and PAl4 were deposited pursuant to and in satisfaction
of, the requirements of the Budapest Treaty on the
International Recognition of the Deposit of
Microorganisms for the Purposes of Patent Procedure
with the American Type Culture Collection (ATCC), 10801
University Boulevard, Manassas, Virginia 20110-2209 on
December 2, 1998 under the following Accession Nos.:
ATCC Accession No. HB-12605 (PA8), ATCC Accession No.
HB-12606 (PA9), ATCC Accession No.HB-12607 (PA10), ATCC
Accession No. HB-12608 (P11), ATCC Accession No. HB-
12609 (PAl12) ATCC Accession No. HB-12610 (PAl4).

In another embodiment of the above compositions, two or
more of the compounds are antibodies. In one embodiment
of the invention, the antibodies include but are not
limited to PA8, PAY9, PA10, PAll, PAl2, PAl4 and 2D7. In
this composition the antibodies are in an appropriate

ratio. The ratio ranges from 1:1 to 50:1.

As wused herein, ‘‘antibody’’ means an immunoglobulin

molecule comprising two heavy chains and two light



| gA, secretory IgA, 1gG and IgM 119G subcl asses are also well known to
those in the art and include but are not limted to human 1gGlL, 1g&, 19gG3
and | g&4.wot3/07x1ed udes, by way of exanple, both naturallypPoTmsn3esigp and
non-naturally occurring antibodies. Specifically, '"antibody'' includes

pol ycl onal and nonocl onal anti bodi es, and-amnoval ent and di val ent
fragnments thereof, Furthernpre, "antibody" includes chineric antibodies,

whol I'y synt hetic SREEBBdi €329 si MiENchaFRCOIRt FDOdi €8 artiF5Fment 3he
t hereof. Opti onal iymuanglamiliibodpotarube Imalyel éeriwd h faodet acy akife maeker.

Det ect abl e marker gofRghidexnbon @1adBks, nadhachyVeulr ndd UPIRBGEINT o
mar kers. The anti body ma uman or _nonhuman  anti bog%ECThe nonhuman
d

be a h
anti body may be Hdfani *59TY edSii nsfft  ABEhJEE t o' 9% }3gses are
i mrunogeni city i nagap. wikkl hodsvif aro libiesri 2nnghe antt bodi esrcugekhownate

those skilled in the artmiA% UsednbRESI Nga1NONRfdONak @t ikadyigeal s
designated as mAb s .used, to descri be anrl ose ?I’.I mary

h N ¢ i bo ﬁol ec;cul eglvm
sequences are esséffitaPFY i BéntPéaliandieh SO%hi BT FRE 1¥amS RAE A58ni ¢
specificity. Mnoe@hgnaton-arttivpedies arapréngr clrcéddbypshy negdiacally,

recombi nant, transggpigo®f ot hehct£ebai quUESI kM1t 0 QR SKinddned1bRa1t he
art. As used herein, ti-chenoki ne receptor a%tﬁ% body' ' nmeans an anti body
eno

'll a
whi ch recogni zes &H&lBPaagsto A EPTIOFE D a X’r‘—i‘éepéce £8P RESused
herein, ''anti-CCR&ranfi bofyrtheearsea ndyrdlidealy ’ antibodydeshi chimeric

recogni zes and bi pds 11,8328 EPILOPEy 0ByhhRe CLRS anchep@kiNe Lecent okbnaAs used
herein, "appropri ate,%aél, o" meanczsj rrgss or WO Otg‘{ 072%66 PCT/.US {1/05500 -24
mol ar ratios wher 8P PR8I EDpotils AFETWHeSr gi S5 Caty CBFFeBRT Ve, 3P

antibody c¢an be 1labeled with a detectable marker.
Detectable markers include, for example, radiocactive or
fluorescent markers. The antibody may be a human or
nonhuman antibody. The nonhuman antibody may Dbe
humanized by recombinant methods to reduce its
immunogenicity in man. Methods for humanizing

antibodies are known to those skilled in the art.

As used herein, ‘‘monoclonal antibody,’’ alsc designated
as mAb, is used to describe antibody molecules whose
primary sequences are essentially identical and which
exhibit the same antigenic specificity. Monoclonal
antibodies may be produced by hybridoma, recombinant,
transgenic or other techniques known to one skilled in
the art.

As used herein, ‘‘anti-chemokine receptor antibody’’
means an antibody which reéognizes and binds to an
epitope on a chemokine receptor. As used herein,
‘‘anti-CCRS antibody’’ means a monoclonal antibody which
recognizes and binds to an epitope on the CCRS5

chemokine receptor.

As used herein, ‘‘appropriate ratio’’ means mass oOr



I n one enbodi nent of the above conpositions, at |east one conpound is a
chenoki ne or chenoki ne derivative. The chenokines include but are not
limted twoRANRES, MP-la, MP-1(3, SDF-1 or a conbi nati eaTtusey&séo | n
this conposition, the conmpounds are in an appropriate ratio. The
chenoki ne derivatives include but are not ligqdted to Met-RANTES,

AOP- RANTES, RANTES 9-68, or a conbination thereof. As used herein,
"chemoki ne deri vafiy8r F8&h€Sa WhEﬁ@hPcéP?yCﬁﬁﬂ??WQﬁi%ﬁﬁnﬁﬂ@?ﬁglsﬁﬁéaéﬁénlcal
nodi fications inclefdecbuveare not limted to am no acid substitutions,
additions or deletions, non-peptidyl additions or oxidations. One skilled
inthe art wll be able to make such derivatives. |In another enbodi nent of
the above conposi tor¥e & mbaddRERtoRd dRepARTYS SOTRCSAELBBEY ahd laBsteast
one conpound i s &nehemyigouadorishenukichekdes i vat iakemolkinet ey 16RRROSI L1 ON,

the conpounds arefha &M ARRLARLI %@ma&gt 9. Ibe ratiq ﬁ%@ggstfgeg@qﬁg 1to

1000: 1. In anot her enbodi nent of ove conpositions, one
conpound bi nds toMIRelgpANIBHuniSDFofl thea HEpNbinapial diergofcoprotéin. | n

one enbodi nent, ateonpeastione Muﬁ%st bee 1120alpe£);§151%111%@ bi,t,er ,of
H V-1 entry (70) n anoth gog¥05|t|ons at

0 a .
| east one of the ﬁpo&ﬁ@?iﬁﬁﬁ efév?ﬁév%ftéﬁﬁﬁﬁﬂi . Tofolémﬁéﬁget
cell. In one enmbodionentiet aRANEHst 0AEP-BANPOTINd BﬂNmESCIMS d oner a

enbodi ment, at | eashboAsti&OMPdd s an H V-1 envel ope gl ycoprotein. In
one enbodi nent, at | east one conpound is an anti-CD4 WD 03/ 072766

PCT/ US03/ 05500 -25 anti body. In one enbodi nent, at |east one conpound

bi nds to the HI V- Bsenweledpe hgirgdpr ot €i' phethokigre &arboditieet | ateheast aone

conpound is an antdnRd¥aioythe nodified chemokine. The chemical
modifications include but are not limited to amino acid
substitutions, additions or deletions, non-peptidyl
additions or oxidations. One skilled in the art will be

able to make such derivatives.

In another embodiment of the above compositions, at
least one compound is an antibody and at 1least one
compound 1is a chemokine or chemokine derivative. 1In
this composition, the compounds are in an appropriate
ratio. The ratio ranges from 100:1 to 1000:1.

In another embodiment of the above compositions, at
least one compound binds to the gp41l subunit of the
HIV-1 envelope glycoprotein. In one embodiment, at
least one compound is the T-20 peptide inhibitor of
HIV-1 entry (70).

In another embodiment of the above compositions, at
least one of the compounds inhibits the attachment of
HIV-1 to a target cell. In one embodiment, at least one
compound binds CD4. 1In one-embodiment, at least one
compound is an HIV-1 envelope glycoprotein. In one

embodiment, at 1least one compound is an anti-CD4



H V-1 envel ope gl ycoprotein. In one enbodi nent, at |east one conmpound is a
CD4- based protein. In one enbodinent, at | east one conpound is CD4-1gQ&2.

| n anot havoesbdéarent of the above conpositions, at | easPComsox@swound is
an anti body and at | east one conpound binds to an H V-1 envel ope

gl ycoprotein. In one enbodinent, the conpgiind is a CD4-based protein. In
one enbodi nent, the conpound is CD4-1g&. In this conposition, the
conpounds are i n atidppgropr it eneat ¢woodifieatrat 8o rkawRfds Ppem dompougdio: 1.

As used herein, "'Bitichrent ‘theeangvthe progesset hatlyvdiSrovadi at agh bynkhe
bi ndi ng of the HI V- coprotein to

1 envel ope I he hunman ege r,
which is not a f QQﬁmEBPreEEp?%%%tA@“ﬁ§5ﬂpﬁgpéih? aEIﬁng%éﬁﬁgqfﬁégﬁhture,
native, menbraneiboundeG4lppot alycoprpresing & cynepl ashPdinggnmi Rt a

hydr ophobi ¢ transner agge dof@igbundndi an o exbraggbédl yradeqai n whi ehebi nds
to the H V-1 gpl120. envel ope _glycoprotein. As used ei.n, . "H V-1 envel ope
gl ycoprotein " né?ﬁ?ﬁlPﬁEtHl@glﬁgﬁ%bégﬁ 5?8?8?%3wﬁ?2ﬁhbgﬁggrses the gp120

surface protein, the gp4l transnmenbrane protein and oligoners and

precursors thereof, AS-usefl RebehimenCDbrbaged prevEl tonPRANs i8AY, PleRt € n
conprising at | east one sequence of am no a%%g.%egldue cor esggndlgg to
that portion of CFSkhi @Rei SFBGUM ed® 87 PB8%Y o %%n%FSx Wit the
H V-1 gpl20 envel opeougldy coprds et m. aWO HI3/-07 2166 1REE/ USH3/OB5061n- 26 TAS

used herein, "CD4s|gGriJBaRsca heL eEQhQIIRIM 6 cBR4phyaNpt @@ usiron
protei n encoded by the expression vectors de 051tquﬁqqengTC§£Aqﬁ%§§lon
Nunbers 75193 antP75F88°%4RBhe ertfodiTBRPUBF tHe above“CSmpositions at

| east composition, the compounds are in an appropriate ratio.

The ratio ranges from 1:1 to 10:1.

As used herein, ‘‘attachment’’ means the process that is
mediated by the binding of the HIV-1 envelope
glycoprotein to the human CD4 receptor, which is not a

fusion co-receptor.

As wused herein, ‘“'CD4" means the mature, native,
membrane-bound CD4 protein comprising a cytoplasmic
domain, a hydrophobic transmembrane domain, and an
extracellular domain which binds to the HIV-1 gpl20

envelope glycoprotein.

As used herein, ‘'‘HIV-1 envelope glycoprotein’’ means
the HIV-1 encoded protein which comprises the gpl20
surface protein, the gp4l transmembrane protein and

oligomers and precursors thereof.

As used herein, ‘‘CD4-based protein’’ means any protein
comprising at least one sequence of amino acid residues
corresponding to that portion of CD4 which is required
for CD4 to form a complex with the HIV-1 gpl20 envelope

glycoprotein.



one of the conpounds conprises a polypeptide which binds to a CCRS
epitope. In one enbodinent, the epitope is located in the N-term nus, one
of the thwee3/o®eiéa acel | ul ar | oop regions or a conbi nati onPChasexdssod n one
enbodi nent, the epitope is located in the N term nus. The epitope can
conprise N13 and Y15 in the N-term nus. Thg_epitope can conprise conprises
A in the Ntermnus. In another enbodi nent, the epitope includes
residues in the NAFertfiafusherrisecontP4 ebaG2acendansar 2l dwierphetspnedpe can
conprise D2, Y3, ctY4,8&imarP8gurd tNE3onnpirbeeih t ©fdBduss b@ncih\éléﬁpaaésﬂﬂ in

t he second extracgl LuLar d%%%g' d%%f%gp Aggé’g)sr prr anSSI . ar 8 and

N13 in the N-term nus and e second oop.
The epitope can eéBfiprPs¥ D2 in the N-term nus and R168 and Y176 in the
second extracellular |loop. In one enbodinent, the epitope is located in

t he second extra ﬁﬂjl élr a‘%mgo%qgi?ﬁlh%fepéﬁeopgbggg o]0 & 70 @ngﬁ%%gll ni n

the second extracé oop € epitope can
the second extra €BEl Wfar theoopPmRPRNESfed CREPE] FES t Re P%waest yhéakd
abbrevi ations areidaedcd hs oGO Wpittheespeai bheadhiosd in@ritndicgat episppei fic

am no acids: A=al asg aI ni.ne R=arg= afygl nlégeﬁerlﬁ%% =aspaLagipe gsp Faspartic
acid C=cys= cystel fe %: n— | ut'am ne U=ZgT utani ¢ aci d G= % F Cl ne
H=hi s=hi sti di ne | ﬁP‘Féa'F%b]r‘é]er r]ré’OPLﬂeé&@Péu@? ne KIBIFEYIGmE meeeéf 072766

PCT/ US03/ 05500 - 2%e Mrambsdmidntoni Bre F=phiedeenykal avcdwe=a P=pr ozpeol ithe

S=ser=serine T=thrzthreoni pe VELIPSIIYPLOPOrise N13 and Y15 in the
N-terminus. The epitope can comprise comprises Q4 in
the N-terminus. In another embodiment, the epitope
includes residues in the N-terminus and second
extracellular loop. The epitope can comprise D2, Y3,
Q4,87, P8 and Ni3 in the N-terminus and Y176 and T177
in the second extracellular "loop. The epitope can
comprise D2, Y3, Q4, P8 and N13 in the N-terminus and
Y176 and T177 in the second extracellular loop. The
epitope can comprise D2 in the N-terminus and R168 and
Y176 in the second extracellular 1loop. In one
embodiment, the epitope is located in the second extra
cellular loop. The epitope can comprise Q170 and K171
in the second extracellular 1loop. The epitope can
comprise Q170 and E172 in the second extra cellular

loop.

As used herein, the following standard abbreviations
are used throughout the specification to indicate

specific amino acids:

A=ala=alanine R=zarg=arginine
N=asn=asparagine D=asp=aspartic acid
C=cys=cysteine QO=gln=glutamine
E=glu=glutamic acid G=gly=glycine
H=his=histidine I=ile=isoleucine

L=leu=leucine K=lys=1lysine



Y=tyr=tyrosi ne V=val =val i ne As used herein, "polypeptide " neans two or
nore amno acids |inked by a peptide bond. As used herein, "epitope "
nmeans a pwobsiomn’ef a nolecule or nolecules that forns a Barfiacxossar

bi ndi ng antibodi es or other conpounds. The epitope nmay conprise
contiguous or noncontiguous am no aci ds, ca-hohydrate or other nonpeptidyl
noities or oligoner-specific surfaces. As used herein, "N-term nus" neans
t he sequence of anlnoMaE?%Eﬁ%ﬁﬁﬂﬂﬁlﬁﬁ the ini th-®MerghaBY ha b ite and t he
first transnmenbrane regkpro=fAolised herein, "s&&@mdsexﬁﬁa cellular | oop"”

nmeans the sequence of ﬁgﬁf“&ﬁ?édﬁin%hat qpqgﬁ; 3%?8@%9 and fifth

t ransnenbrane regions a are presented on t I n one enbodi nent
of the above conpositi dASYEILYEIRE one of théhﬂ@#ﬁ63h6§econprlses a light
chain of an antibody. In another enbodi nent of the above conp05|t|ons at

east one of the Gamhaupdsccompris 213ee Peaxy: ChalROf.BN AN 000%n h

anot her enbodi nent of ove c Ions_at least one o e conpounds
conprises the Fabaﬁéﬁﬁl5hn%?jéﬁ’§hPPBBHQe R %not her  enbodi nent of the
above conpositions at |east one of the conpounds conprises the variabl e

domai n of an antijhodyg.hn gg#gﬂ@r engggh§%n|bodggﬁi It&gn ppeduged as

a single polypeptide or_"single. chai nprises the heavy

and light chain V&irsBie BﬁnﬁP%%C%kﬁﬁHQQﬁﬂI%Pqﬁsn@eéuffécéanﬁt@ﬁ?éhpﬂg
sequence of am noaacidsdidsn @anoitierr evbpdunest tﬁetépnﬁ&@dlﬁh@?l@&ﬁrlse

PCTI US03/ 09500 |~ 2880048, £00p031d:1.008 s hol £ aghy pe 105 dbhe companRdaL,

conpri ses one or nore ortions o ant i pody uséd
chai n" means the PérgéFheﬁol?ﬁéﬁ?PHéd¥ﬁ a%P%ﬁﬂﬁ%xxRFrnﬁ%&ﬁﬂ%?ﬁnﬁﬁﬁﬁééacof

one surfaces.

As used herein, ''N-terminus’’ means the sequence of
amino acids spanning the initiating methionine and the

first transmembrane region.

As used herein, ‘‘second extra cellular loop’’ means the
sequence of amino acids that span the fourth and fifth

transmembrane regions and are presented on the surface.

In one embodiment of the above compositions at least
one of the compounds comprises a 1ight chain of an
antibody. In another embodiment of the above
compositions at least one of the compounds comprises a
heavy chain of an antibody. In another embodiment of
the above compositions at least one of the compounds
comprises the Fab portion of an antibody. In another
embodiment of the above compositions at Ileast one of
the compounds comprises the variable domain of an
antibody. In another embodiment, the antibody is
produced as a single polypeptide or ‘‘single chain’’
antibody which comprises the heavy and 1light chain
variable domains genetically linked via an intervening

sequence of amino acids. 'In another embodiment of the



vari abl e domain (VH) and three or four constant domains (CHL, CH2, CH3,

and CH4), or fragnents thereof. As used herein, "light chain" neans the

smal | er Wwologpepéd de of an anti body nol ecul e conposed of eae/USVEISSEb] e

domain (VL) and one constant domain (CL) , or fragnments thereof. As used

herei n, "Fab" neans a nonoval ent anti gen Bismdi ng fragnent of an

|mTunogI obulin tha% consists of . aone gh@ chain_and cgfgrt of a heavy chai n.
es r

It can be obtai néd°BY bf PEPCPRpHTY dla§ 8 or OBy onBthafCmPRELAS s .

As used herein, " cPrabiyesfoergmantiorge§RE pobiiaiemf aansnhgémody ndi ng
fragment of an irmunogl obulin that consists of both Iight chains and part
of both heavy ins. It cen be obta‘lned by rlef pepsi n stlon or
recombi nant net hogX R§SHsedhetBin, alEonpl"%r‘?é‘rﬁ d8€8FHi ni ng
region'' neans a Imogbrpyp\:Iadqz algife ssleqaenébow atulmulamcdmpomeahe:ﬁ/abnabl e

domai n of an anti kadyapTBi §ohdMeNtHN aI%O\éhgéé bher aboVE £LAmReSidhh@ifsand a
phar maceutical |y at%r%ept able carrier rmaceggtl cal ly acce%)t able carriers
t

are wel | known to tHose“8kiIT&t i Fﬁé art* PhEr FREEGTT cal |y

acceptable carriers may include but are not |limted to aqueous or

non- aqueous  sol Uthson%seSUSH@ﬂ_sirQnS angh @mﬂh"ell%ns el ec%eOf smaller
non- agueous sol vent gp}are ene et abl e

pyl.ene gl ycql, ve
oils such as ol iv&® Peptég%evﬁf%?%?fg‘g é%%ocfom §ePnj ¥t gBFe
organi ¢ esters suchrasbéehypbmaieat(®l) Aqée@ug @e?nlstens Apweime (GAL er or
al cohol i c/ aqueous rrsghdht 9NSheBH Si ONs or suspensi ons, saline and
buffered nedi a. Parenteral vehicles include sodium chloride solution,

Ri nger's dextrose, dextrose and sodiumchloride, |actated Ringer's or
fixed oils. As used herein, ‘‘Fab’’ means a monovalent antigen

binding fragment of an immunoglobulin that consists of
one light chain and part of a heavy chain. It can be
obtained by brief papain digestion or by recombinant
methods.

As used herein, '“'F(ab’')2 ffagment” means a pivalent
antigen binding fragment of an immunoglobulin that
consists of both light chains and part of both heavy
chains. It cen be obtained by brief pepsin digestion or

recombinant methods.

As used herein, ‘‘CDR’’ or ‘‘complementarity determining
region’’ means a highly wvariable sequence of amino

acids in the variable domain of an antibody.

This invention provides the above compositions and a
pharmaceutically acceptable carrier. Pharmaceutically
acceptable carriers are well known to those skilled in
the art. Such pharmaceutically acceptable carriers may
include but are not limited to agueous or non-agueous
solutions, suspensions, and emulsions. Examples of
non-agueous solvents are propylene glycol, polyethylene

glycol, vegetable oils such as olive oil, and



I ntravenous vehicles include fluid and nutrient replenishers, electrolyte

repl eni shers such as those based on Ringer's dextrose,

Pr eser vatwoes/oane ot her additives may al so be present,

and the |ike.
s BCc/usss/oskar

exanpl e, antimcrobials, antioxidants, chelating agents, inert gases and

the Iike. This invention provides a nethodf-treating

with H V-1 which QQHBEkéﬁfeadH}ﬂ dgrlggté§% tgg%gub%gc

of the above conpoSitions herern

a subject afflicted
t %g ffegtlge dose
means any anrmal or

artificially nndlﬁﬂéaoaﬁlrnﬂarééﬁéﬁle16F18860n1Wﬁ}QHIV- pHecaldg/aqueous
Artificially nodi soédtaohsnl semntkiides butr agespersidng, tedSAILnESCIEhalce

WiLD human | mune nuSYSEERDncHIR AN Tl ANIELYIS Slc e 104 LA LEd LD

mce, rats, dogs %U|nea ferrets I'ts

preferred embodi m&

es.

forife s%ﬁﬁ%ﬁﬂpq s RINHARAR. ¢SXEﬁ@ﬁPPmn@ﬁ&ﬁrosetréaﬂlng'

means either sl owspgiumst epPdIGEqr mav:eéseag Rb@g@fqgr essi anxel asilkV-1

di sorder. In the %%ES%S se”bgghi@f‘%l g %ﬁgﬁg' ng’ £ u”%a

progreSS|on to the point el 'mi na Fsordi

ns_reversin e
As? S ed Hérg np

"treating" also ﬁé&ﬂén%ﬁ}éel?seduéilﬁ‘éﬁr%lfytt%erﬁHhﬁ’@-‘IﬂSl@ﬁrS/l pakh jasf eébpaﬁs
reducti on of the basber obnlnfaﬁhg@u$sv|rabxtpaééjclegndredaﬁélonlgﬁethe

Associated wi th VT G0 65 G737ee Ko % 08600 3

tOe ent
5 ﬁerern

"afflicted with HPy<E" %%ansfqrhatexmelesumr@cifniﬁwba@laeeasetntd@éiéémsm ch
has been infectedchbyath Vg lageda sysedeher @ases "adfimithiestiekeng " may be
effected or performed using any of the nmethods known to one skilled

This invention provides a method of treating a subject

afflicted with HIV-1 which comprises administering to

the subject an effective dose

compositions.

As used  herein, ‘“‘subject’’ means

of the above

any animal or

artificially modified animal capable of becoming HIV-

infected. Artificially modified animals include, but

are not limited to, SCID mice with human immune

systems. The animals include but are

not limited to

mice, rats, dogs, guinea pigs, ferrets, rabbits, and

primates. In the preferred embodiment,

human.

As wused herein, ‘‘treating’’ means

the subject is a

either slowing,

stopping or reversing the progression of an HIV-1

disorder. 1In the preferred embodiment, ‘‘treating’’

means vreversing the progression to

the point of

eliminating the disorder. As used herein, ‘‘treating’’

also means the reduction of the number of wviral

infections, reduction of the number of infectious viral

particles, reduction of the number of virally infected

cells, or the amelioration of symptoms associated with

HIV-1.



in the art. The nethods may conprise intravenous, intranuscular or

subcut aneous neans. The dose of the conposition of the invention will vary
dependi ngvom3ntgssubj ect and upon the particular route oPCadisdINSor ati on
used. Dosages can range fromO0.1 to 100,000 g/kg. Based upon the
conposition, the dose can be delivered contéenuously, such as by continuous
punp, or at periodic intervals. For exanple, on one or nore separate
occasions. Desired tine intervals of nmultiple doses of a particul ar

conposi tion can bésdets@dnihsadinwi t'halifl igtdde vebtberH Ivent" atieamsbyhane taki | | ed

inthe art. As usetjbetends '=ef fleGldtvendos@ ] 1MaNThah-3MUE, Iihfected
sufficient quantl&;eﬁlpolelther treat the subject or prevent the subject

from beconming H V-1 infected. A person of ordinary skill in the art can
performsinple titration experinments to determ ne what amount is required

tob_t reat f the subj egt . uddu sth's@%e%i oga&ﬂpfvig%sfi@lgwgt RRg Obe PeeYEBtLNT R
subj ect from contractin - ich conprise nistering to.t,

subj ect an effectﬁfgfagggdoFs%%% a%%dvgq%ﬁnﬁ gp??ﬁﬂ%?oﬁ%'ﬁ%e ‘%é%&ﬁﬁ?d
"contracting H V-En nthas detoniThy matkeded méyt h chnyrisewhbse syemetisc

information repliigate@mukbudnd/ &F JUuHRkpaEdLEeSnddH0 the host cells. WO
03/ 072766 PCT/ US03/ 05500 -31 This invention provides an anti-CCR5

nonocl onal anti body. The antibody includes but is not l[imted to the
foll owi ng: PA8. (APeCdaseessi dmeNcompiBs 1695)0f PAR (TVECC idncesdilonaNy
HB- 12606) , PALO ( AEEEnAE66S5h0RhNO subkiBeL 2607 ) upfAldh d AJGG A5A8$Sen: No.
HB- 12608), PA12 QéTg&%ép%%%§gggogb. g—lﬁgog%é and PA14 éA%CC Accessi on
No. HB-12610). Thi%s ifWenti onprovi 485 hunBRiTed FoF nE2BF<t hE°Rblve t°
100,000 pg/kg. Based upon the composition, the dose can

be delivered continuously, such as by continuous pump,
or at periodic intervals. For example, on one Or more
separate occasions. Desired time intervals of multiple
doses of a particular composition can be determined
without undue experimentation by one skilled in the

art.

As used herein, ‘‘effective dose’’ means an amount in
sufficient quantities to either treat the subject or
prevent the subject from becoming HIV-1 infected. A
person of ordinary skill in the art can perform simple
titration experiments to determine what amount is

required to treat the subject.

This invention provides a method of preventing a
subject from contracting HIV-1 which comprises
administering to the subject an effective dose of the

above compositions.

As used herein, ‘‘contracting HIV-1'’ means becoming
infected with HIV-1, whose genetic information

replicates in and/or incorporates into the host cells.



anti bodi es. As used herein, "humani zed" describes anti bodies wherein sone,
nost or all of the amno acids outside the CDR regions are replaced with
correspomsiongo@mteéio aci ds derived from human i nmunogl obulpcm/used/&sul es. | n
one enbodi ment of the humani zed fornms of the antibodies, sone, nost or all
of the amno acids outside the CDR regionssthave been replaced with am no
aci ds from human &%nunoglobulln nol ecul es but- where  sone, nost or al

am no aci ds withi i dfe or”¥ote °EDR PrRGidTs af® uRdhdngeR® smemecagaRii ons,
del etions, insertngabodgzubfhet antdhedyr inotidécabitonss ohoanihaitedi €6 are

per i ssi bl e_as |0Q91ea5f51h%¥11Y\@U| @aBOt (aTRbI %&@e‘éswﬁ api | 'Htsil%?éﬁe 9&%' body
to bind a glven [ obulin | ecul es’ wou

Ggg& Sui fabl e hunan i_nmruno
i nclude 1gd, gc@chaﬁﬁpnlﬁﬁ& ard *PGRP ol BLLY e SATC AqresgaPzelie -
ant i body mould reﬁ@|ﬂ2é0§imlﬂﬁil amTgeniAccspetofi did.y HB-1h&or,i gpRab

anti body, i.e., im@ t:he Pressdn iMyenid-aBgsobhe ahh!l bAY,t i oine
skilled in the ar T FAﬁgno%gﬁgm/to nakeGP 2 hunanli%d9§§¥?g%§§§§18§hthe
u

subj ect invention. OVa blications, several of which are hereby
incorporated by reference into this application, also describe how to

make humani zed ant’I‘hQle:@ﬁﬁenEQ'bner@est henaBl heds rAascrédednd nabiited
St at es Pat ent No. 4 8 567 (71) conprise the production of. chineric

ant i bodi es havi ng agt 6%?%72766 PCT/ US03/ 05500 -32 variable region of one
anti body and a constant region of another antibody. United States Patent

No. 5,225,539 (72phsdesgkisheseranpt her: rﬁa%@a@a'fordémlm&dughit%oeﬁeé
humani zed antlbo%% ThIS Jpatent d scrlb gﬁe of reconbhnan .
t echnol ogy to produc&a"hivani z&F antS oo B 2PHBC AR5t °F §é?FabIe

regi on of one innﬁﬁggﬂﬁﬁh|qqugm§ are replaced with corresponding amino
acids derived from human immunoglobulin molecules. 1In

one embodiment of the humanized  forms of the
antibodies, some, most or all of the amino acids
outside the CDR regions have been replaced with amino
acids from human immunoglobulin molecules but where
some, most or all amino acids within one or more CDR
regions are unchanged. Small additions, deletions,
insertions, substitutions or modifications of amino
acids are permissible as 1long as they would not
abrogate the ability of the antibody to bind a given
antigen. Suitable human immunoglobulin molecules would
include IgGl, IgG2, IgG3, IgG4, IgA and IgM molecules.
A ‘*humanized’’ antibody would ©retain a similar
antigenic specificity as the original antibody, i.e.,

in the present invention, the ability to bind CCRS.

One skilled in the art would know how to make the
humanized antibodies of the subject invention. Various
publications, several of which are hereby incorporated
by reference into this application, also describe how
to make humanized antibodies. For example, the methods
described in United States Patent No. 4,816,567 (71)

comprise the production of chimeric antibodies having a



replaced with the CDRs from an i mmunoglobulin with a different specificity
such that the humani zed anti body would recognize the desired target but
woul d notwbeas/nrgeogni zed in a significant way by the hunamrCIuspseisie

i mmuune system Specifically, site directed nutagenesis is used to graft
the CDRs onto the framework. O her approachgs for humani zing an anti body
are described in United States Patent Nos. 5,585,089 (73 and 5,693, 761
(74) and WO 90/ 0765 aktlicc ¥ géser Be Tt HE AL L r a15’1‘30(17’110? Slrar FEP

i mmunogl obul i ns. JdhesstHeavendiigody. nore CDRs and possi bl e additi onal ami no
acids froma donor imunoglobulin and a framework region froman accepting
human i mmunogl obul in. These patents describe a nethod to_jnctease, the
affinity of an avtitssdy StafeEhePaett edant iget> 8dfe dAFho TIPS the
framewor k are chosgftier bepphea@aneocas the amodactach dsofat at hogeampiosdd i ons

in the donor rather than i ];utshﬁaa@%ﬁ?ptigécr% glé}llé:a&é&y,of hgé@om{r%mts

descri be the preparakﬁl n o umani zed anti body that binds . to a receptor
by conbi ning the I3PRst oF NP L1p8Ys & o GEM6RaP héﬂﬂ‘?PPJB%"} Wt Hpbheherein
i munogl obul i n freafeverrde atda capshBbé regionsf Hmeaimhnapehorkl fregions can

be chosen to maxjmz Cetboqpltqutﬂgthggef%Hs% eg%@l%%ldgulggrrmitt@lr Jrodel
can be used to identi amno acids In the f ramewor; {]E%;if
likely to int erac‘th@\ﬁf%lﬁentt FPeCPRICOHFYt RBCRpERREi EPaNtIR %1‘?1“21 ‘?We Use
am no acids can beulusedeabgi h@setpesidesomsdt o agoeat éoutheWOﬂmlFﬁranmedoe

anti body. WO 03/ 0173%48?@617&65/1 %0%/ %@%Qf1c§§tTQ§¥a99veh@ah§m&§ §u§§é¢@8s9 and

5,693, 761, and al’sa propose tour PO ssib iteria wh

may used in desi ghPRg% h%ysl’ﬁﬁ?hnl%(f%ﬁtclaﬁ dr eS1t¥hé r?FFE? g%%%%‘fs

that for an accepiserysasecagrhfanener®Hs gmta paﬁthCM%WOﬁiurran

i rmmunogl obul i n t hat
Other approaches for Thumanizing an antibody are
described in United States Patent Nos. 5,585,089 (73)
and 5,693,761 (74) and WO 90/07861 which describe
methods for producing humanized immunoglobulins. These
have one or more CDRs and possible additional amino
acids from a donor immunoélobulin and a framework
region from an accepting human immunoglobulin. These
patents describe a method to increase the affinity of
an antibody for the desired antigen. Some amino acids
in the framework are chosen to be the same as the amino
.acids at those positions in the donor rather than in
the acceptor. Specifically, these patents describe the
preparation of a humanized antibody that binds to a
receptor by combining the CDRs of a mouse monoclonal
antibody with human immunoglobulin framework and
constant regions. Human framework regions can be chosen
to maximize homology with the mouse sequence. A
computer model can be used to identify amino acids in
the framework region which are likely to interact with
the CDRs or the specific antigen and then mouse amino
acids can be used at these positions to create the

humanized antibody.



i s unusual Iy honol ogous to the donor inmunoglobulin to be humani zed, or
use a consensus franmework from many human anti bodi es. The second proposal
was t hat wboamn727é6i no acid in the franework of the human Pomusoydsbul in is
unusual and the donor ami no acid at that position is typical for human
sequences, then the donor am no acid ratheysthan the acceptor may be
selected. The third proposal was that in the positions imredi ately
adjacent to the 3 CDRs in the humani zed i munogl obulin chain, the donor
am no aci d rat her Thieanabdree ageephars agl 885, @ad dandy bees®) et ed.ankhewbourth

proposal was to us)@/otyaeldw@)r @fgawgor%?o@er %%QS? AL ghﬁ f&al e%k 50%“ ons

at which the amno acid is predicte have ain
of the CDRs in a (Miree'fi%renti Sfsionibael thst waq%oaptah@di%s pr 8dect ed
to be capabl e of fiimberaptbpgsai t hwihe CGDBRs. fthe abovecreipheds aﬁgerregel y

| Lustrative of saysnghobhe dishnads,hat.0e sihbhedditaothenslf, copld

enpl oy to nmake humani zed ant1 bodi es ecitici

the binding of théS WENEHPZEY BATELRARNSehP b"ehel rﬁﬁr@ésé@woa@ohﬁ@h@dgom
directed evol uti obeasrwresdeiebed oirn uMe eh abnséﬂ.&%)fﬂamemk Bt@th m38¢: 151

and U S. Patents Ngg§.,6 a%@§b38§ S. $5€%Q§nan? §8§;§17a%s N3N ngodlnent

of the invention the humani zed ormo rises alig
chain variabl e anPRd™Cagf e sEyueic & adeserks of t Roe rF“SEQ mmoelobhlanot her
enbodi ment, the anti bodyugbnpid ses aldneavymehai aicidatd adl=a Qmsﬁ@laﬁl fls

sequence as set forth.Lp %%%zﬁgkaﬁx%ééréﬂ}é% f%%%HeEhgnggqi OsnbN8cs

ant i body my conpri se t he av chai -varl apl e am no acl sequence
03/ 072766 PCT/ USO3P685H0 thasy %{? SBRECERY I PRAY SRO 195 1GtER - | Fhaanshhsd
enbodi nent, the hwmapbzed end i tiedy iconprei pesitides | imgiddichaily warkabhe

am no acid Sequeng® 3%e5€f cprs in the humanized immunoglobulin chain,
the donor amino acid rather than the acceptor amino
acid may be selected. The fourth proposal was to use
the donor amino acid reside at the framework positions
at which the amino acid is predicted to have a side
chain atom within 3A of the CDRs in a three dimensional
model of the antibody and is predicted to be capable of
interacting with the CDRs. The above methods are merely
illustrative of some of the methods that one skilled in
the art could employ to make humanized antibodies. The
affinity and/or specificity’ of the binding of the
humanized antibody may be increased using methods of
directed evolution as described in Wu et al. (1999) J.
Mol. Bicl. 284:151 and U.S. Patents Nos. 6,165,793;
6,365,408 and 6,413,774.

In an embodiment of the invention the humanized form of
the antibody comprises a 1light chain wvariable amino
acid sequence as set forth in SEQ ID NO:6. In another
embodiment, the antibody comprises a heavy chain
variable amino acid sequence as set forth in SEQ 1ID
NO:9. In a further embodiment, the antibody may

comprise the heavy chain -variable amino acid sequence



forth in SEQ ID NGO 6, and the heavy chain variable amno acid sequence as
set forth in SEQID NO 9. Alternatively, the antibody nay conprise the

| i ght chwion3wza7s@bl e am no aci d sequence as set forth i nPEBE@SI/BSNO 6 and
t he heavy chain variable am no acid sequence as set forth in SEQ ID NO 12.
The variabl e regions of the humanized antibpdy may be |inked to at |east a
portion of an imunoglobulin constant region of a human i mmunogl obulin. In
one enbodi nent, Fﬁesﬁﬁnﬁ%?%%d“hﬁﬁpbéHyN@oh%alns both light chain and
heavy chain constant regi ons. The heavy chain constant region usually

i ncludes CHL, hin 3 me gion. In one
embodi ment, the ggngﬁgﬁ?ere lgﬁgqbigfhéh u%&ﬁ??%ﬂe ntt Yar&€"Gr 1ERE

human | gG4 i sot yp&PeThiighthvekitonV ¥ bak esansed ated dnurdmiencacias nekecul es
encodi ng these antbxr€@RSEmoepg| analnard,i bads es her ﬁggug chm@nivzedapie

Lo, e U L LA R I, 4, CRE O

enbodlnent the nucleic acid ecu e enco
embodi ment, the AUEPEPRELYG Y noFBEUI REHRISHes "Bhe ReERYIiThaithe | Aigbhe
embodi ment, the nubkéncvacisbencodes betild tdheubaavyasaede! kghtnhchai Bsg | n

one enbodi ment, ong OfioMBr eanduGhel ¢ racly mheeul a5 ensade Lhe Fab portion.

I n one enbodlnent one or nore nucleic ecul’es encodé?
portions. In one SRBBERFRMS Sohe fAKEReiR I dD MS:d8ul e encodes t he
vari abl e domain. I n another enbodinent, the nucleic acid nol ecul e encodes

the variable do o] cons t 3/ 072766
PCT/ US03/ 05500 %%Qpﬁggéggg fe‘g% ogcgfl o#ﬁgxgg‘ggg%?%% \Aﬁ)“rrlgbmdo d"&nht P€ ccrs
fi

anti bodi es di ffer oM exéhmP %ﬁf%ﬂJnﬁnlﬁ%ﬁF%ﬁﬂl-OQCR5“ diftriupedil esubyn

conservative am nocastahtsubsdgibut i ons.a hamapur pegseso®fowliassi f Yhngoaai no
aci d substitutiongn8Sqiment, the humanized antibody contains both light
chain and heavy chain constant regions. The heavy chain
constant region usually includes CH1, hinge, CH2, CH3
and sometimes, CH4 region. In one embodiment, the
constant regions of the humanized antibody are of the

human IgG4 isotype.

This invention provides isolated nucleic acid molecules
encoding these anti-CCR5 monoclonal antibodies or their
humanized versions. The nucleic acid molecule can be
RNA, DNA or cDNA. In one embodiment, the nucleic acid
molecule encodes the light chain. In one embodiment,
the nucleic acid molecule encodes the heavy chain. In
one embodiment, the nucleic acid encodes both the heavy
and 1light <chains. In one embodiment, one or more
nucleic acid molecules encode the Fab portion. In one
embodiment, one or more nucleic acid molecules encode
CDR portions. In one embodiment, .the nucleic acid
molecule encodes the variable domain. 1In anothef
embodiment, the nucleic acid molecule encodes the

variable domain and one or more constant domains.



conservative or non-conservative, amno acids may be grouped as follows:

G oup | (hydrophobic side chains): net, ala, val, leu, ile; Goup II
(neutral wodsopedi c side chains): cys, ser, thr; Goup PCI/USam0ddc si de
chains): asp, glu; Goup IV (basic side chains) : asn, gln, his, lys, arg;
Goup V (residues influencing chain orientgdion): gly, pro; and Goup VI
(aromatic side chains): trp, tyr, phe. Conservative substitutions involve
substitutions bet WE&ASEAPHY aBdkOTs Pheexemel ifsless Siundarn zedn semiaticre

substi tutions consmlttxbbéle@xehﬁﬂ’@ ngrcan n@ﬁ@%lpﬁ‘lw%manl%@e a%' asgescfor a

menber of anot her j,An 0 - CCR5 ant i hodi es show
substantial ami no aci gbgg%%efr? g n(‘t%g’t tlvet h® Iﬂﬂ?r%nlafég LEAHtAPNS,

humani zed PRO 140F#%, PEXBAPES que§]+?étsélfﬁln9HéaW90 amcid i ghistdhaithovar kabl e
regi ons of anal ogsoaservemcxmjedrbyﬁdmu@bﬁlséragt.dvéeqaﬁﬂﬁés dhat hydyidize

th the nucleic engo e av ht .chain .variabl’e regions
\(l)v:‘ hunani zed PRO fggh 2 Qg ﬁ%ir:%%‘%gz]ecfg‘ecﬁ% €4 OP&ObdggéﬁgFatCQaFBFPm

t her eof , under sF‘Fanéﬂ? cBﬁhi ti¥hs. ihie $oourhel Hefendrady hotirtheigeénetic
code, a variety ofidaudeiimsaci d:ygeqlma’teeStBBg:O@Qohbe huneph 268 @nti 3 OCRS

antibody of the prggent)inyepti gt an ments, the antibody is
encoded by a nucl eﬁcgam d XQQ %ﬂfe |g{/h| % hSrlm?oﬁoﬁé thb' t RED

foregoing nucl ei '8¢i 8ol Jeﬁf:‘-zul &9 PtGé’PéPaHI )f'rFﬁé ¥rsmol dgaencinackbiénaci d
nol ecul e conpri sesraenuet ewt)i:degsequence drhat cksupt \heaxs&r@kgmtc 90%3e

i dentical to the pyghgeti detrgeqttng}ce Bégv' dg%?&f@ fhve I\/bre gyéafggg

nucl eot i de sequence is at -| east enti ca
PCT/ US03/ 05500 - 3BVPEASt SUBDUL L WAmisd difbwesr, aé‘tlnloeeﬁﬁldébom tga% same
identical, or at keéas$.abotbn988nsddenttiical t esdd¥@itutions constitute

exchanging a member of one of these classes for a

member of another.

Analogs of humanized anti-CCR5 antibodies show
substantial amino acid sequence identity with humanized
PRO 140 #1 or humanized PRO 140 #2, exemplified herein.
Heavy and light chain variable regions of analogs are
encoded by nucleic acid sequences that hybridize with
the nucleic acids encoding the heavy or 1light chain
variable regions of humanized PRO 140 #1, or humanized
PRO 140 42, or degenerate forms thereof, under
stringent conditions.

Due to the degeneracy of the genetic code, a variety of
nucleic acid sequences encode the humanized anti-CCRS5
antibody of the present invention. In certain
embodiments, the antibody is encoded by a nucleic acid
molecule that is highly homologous to the foregoing
nucleic acid molecules. Preferably the homologous
nucleic acid molecule comprises a nucleotide sequence
that is at least about 90% identical to the nucleotide
sequence provided herein. More preferably, the

nucleotide sequence is at ‘least about 95% identical, at



nucl eoti de sequence provided herein. The honol ogy can be cal cul ated using
various, publicly available software tools well known to one of ordinary
skill in woOheoam766 Exenplary tools include the BLAST syst ecu/tsvaidsebl e from
the website of the National Center for Biotechnology Information (NCBI) at
the National Institutes of Health. One netfyd of identifying highly

honol ogous nucl eoti de sequences is via nucleic acid hybridization. Thus
the invention al 363Fhcl @eyithurfitti zetlde@CRSadnt | bodi eteadravi agothe 98%

CCR5- bi ndi ng propesthescand eirhegtf umatétonabouerowth%%n@?égi' hed t&%%e' n,

whi ch are encoded ei ¢_acid nol ecul di ze under
stringency condltlgﬁs ?gg%%egf Fegor n§Rut ﬁ% c %E?HX nBP%cGP@QlOgY can

| dentification of PEel tXFHedeencessivan alvspiobe, acpubledlysi ryaiakpler ase

chain reaction (PEBftaade 0bbES aapil kh@@ﬁl@a bﬁehe»qu@ﬁgwagk?ﬁoan
cloning related puclej aMéi uence priners are

selected to anplify pottrons 6fa aﬁh’cl%?%F 1dlﬁélé%ueﬁ]8% dtL45h eFEstemsuch
as a CDR The teravehighlst fromenky @@hdnt@oné thas Nagsednhkr eenterefers to
paraneters with Mhﬁhe&lhh@ol&féy'slenﬁéﬁrﬁd@ron Nyt c agd d @MQH %lachghg@
paraneters may be.f gnd in Qg%%rﬁﬁﬁes that conplle such net hods,

Mol ecul ar Clonlng T4bor & ory val, J. Sanbrook, et al. eds Second
Edition, Cold Spring Harbor Laboratory Press Col d Spring Fbrbor New

York, 1989, or CubhenietRpat a@ollaehelﬁ/pi@gluﬂl?gh ?%M1O$WM rﬁ%ﬁ%’%@kdeet

| d Joh & S gh
2tr|nggniy cogdrt¥% gg?s %Ogslglggtlo?géf égld égééé ggﬁf?ﬁraﬁ%u?nthe

hybri di zati on buf #éYeT‘LBMHX Ss0 01 uebedE scol huma®miGe%%h pdIQR% nyintgpedékidone,
0. 02% Bovi ne  Ser yavdhdugma, c@WMH@P@oﬁ@ﬂéfés hd %3RS M \Ohan
03/ 072766 PCT/ US03, 95500, . ; 3

nucleic acid molecules that hybridize under high

descrlbed herein, which are encoded by

stringency conditions to the foregoing nucleic acid
molecules. Identification of related sequences can also
be achieved using polymerase chain reaction (PCR) and
other amplification techniques suitable for cloning
related nucleic acid sequences. Preferably, PCR primers
are selected to amplify portions of a nucleic acid

sequence of interest, such as a CDR.

The term ‘‘high stringency conditions/' as used herein
refers to parameters with which the art is familiar.
Nucleic acid hybridization parameters may be found in
references that compile such methods, e.g., Molecular
Cloning: A Laboratory Manual, J. Sambrook, et al.,
eds., Second Edition, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York, 1989, or Current
Protocols in Molecular Biology, F.M. Ausubel, et al.,
eds., John Wiley & Sons, Inc., New York. One example of
high stringency conditions 1is hybridization at 65
degrees Centigrade in hybridization buffer (3.5X SSC,
0.02% Ficoll, 0.02% polyvinyl pyrrolidone, 0.02% Bovine
Serum Albumin, 2.5mM NaH,PO, (pII7), 0.5% S8DS, 2mM



EDTA). SSC is 0.15M sodi um chl ori de/0.015M sodium citrate, pH7; SDS is
sodi um dodecyl sul phate; and EDTA is ethyl enediam netetracetic acid. After
hybri di zavoesp72766 menbr ane upon whi ch the nucleic acid i spcramnsi/essoed is
washed, for exanple, in 2X SSC at roomtenperature and then at 0.1-0.5X
SSC/0.1X SDS at tenperatures up to 68 degrees Centigrade. The nucleic acid
sequences are expressed in hosts after the sequences have been operably

linked to (i.e., Epositi cissd tie ensup® t hedfwmctdlommgiegio). capMexpo@ssh on
control sequence cithese ewvessmn 1\éecstcﬁr1§1ma'a%deE¥'@' %@hbMaE@P'é&@bﬂ:@rA” the
host organi sns, elther i sQnes or_as .an afl host
chronpsomal  DNA. ‘V‘e 8§57 bHR RS rasc‘\ﬂ IA &?ﬁt &Yﬁ“éé?%‘é{%n

markers, e.g., ted raelybram@ gpomewnych nthe onupked t aded ecti omanstehose

cel I's transfor med; yi Lhshbe, desiegdh sergue;acesc(geememgtemyelsatfeéent
No. 4,704,362 whic |s |ncor qQrate e i 1S one
prokaryotic host %% fUte Tt i c&l ar P§ ?8? Ocjt%rﬁ%gg f’tthetefﬁﬁf&rséaﬁ%%c& of the
present inventioné8 d@dreariCenobgasdhosts suitable for use include bacilli,
such as Bacillus subtil us and ot her enterobacteriaccae, such as

Sal nonel | a, Serratla and ., vari.qus Pseudonbnas speci es. Igv\}1

prokaryotic host5€ dh%c AL FERBERSDT 35 SHRIEGESFs 1 Pﬁﬁsw?f"rer
typically contai ntle«prme@weeonhamd& Segurencpsrabbypatiniieal wicth {hee host

cell (e.g., an or%&é&mneaeﬁléﬂdr@nkm lfnedihi A9, OQWYaHU@E‘EeQél@n
variety of well-known pronmoters will he present, such as | act ose

P!
pronot er system %O?rr%]t opF&TUELFD) pr Cor SEHERRFION be egtolrﬁct ahbSe
pronoter system oypacgrlonoterlicydeen riom phegfe bagdubsmsThee Privamt &F s
will typically Qgiwkesew €2S1s0N.1 nPBLEANAbAY: Vb L I rah HRRAT 3hebmoSEHNENCE,

and have ri bosone_bi ndi site sequences and tV Ct|Ilgse, fOI‘lll ni t| at| nlg and
conpl eting transc?P¥pti ofommenily., = expression ecto
selection markers, e.g., tetracycline or neomycin, to

permit detection of those cells transformed with the
desired DNA sequences (see, e.g., U.S. Patent No.
4,704,362 which is incorporated herein by reference).

E. coli is one prokaryotic host useful particularly for
cloning the DNA sequences of the present invention.
Other microbial hosts suitable for use include bacilli,
such as Bacillus subtilus, and other
enterobacteriaccae, such as Salmonella, Serratia, and
various Pseudomonas species. In these prokaryotic

hosts, one can also make expression vectors, which will

typically contain expression control sequences
compatible with the host cell (e.g., an origin of
replication). In addition, any number of a variety of
well-known promoters will be present, such as the

lactose promoter system, a tryptophan (trp) promoter
system, a beta-lactamase promoter system, or a promoter
system from phage lambda. The promoters will typically
control expression, optionally with an operator
sequence, and have ribosome binding site sequences and

the 1like, for initiating and completing transcription



WO 03/ 072766 PCT/ US03/ 05500 -38- and translation. O her m crobes, such as
yeast, may al so be useful for expression. Saccharonyces is a preferred
host, w tWO 03m0727ebl e vect ors havi ng expressi on control seguemuses)ssosuch as
pronoters, including 3-phosphogl ycerate kinase or other glycolytic enzymnes
and an origin of replication, term nation_ggguences and the |ike as
desired. In addition to m croorganisnms, mamulian tissue cell culture may
al so be used to extesdaandapteduce t he pol ypepti des of the present

i nvention (see, Wnnacker, ''From Genes to C ones,", VCH Publ i shers, New
York, New York (19870, mllg% r)éot -G gells are act uaII ferre because

a nunber of suitable host cell I'ines caSaB/IeeSSf maé’c ndS nsgdml for

i mmunogl obul i ns heﬁi@rﬁééﬁoﬂevé%ifﬁé?@roﬁ‘}’c?ﬁe Wta apmbﬁermtqmehphe CHQ tdel |
| i nes, various COSuigeldlel iwres orideligacield sexﬁye@&ro@blaomlonge&egﬁcéé nes,

etc. and transformedB gell s, Al Jbridomas, EXBr ession o yectors for, Ltiese

cells can include expreSS| on control ~sequéen suc ho%l RSN H?frbaf
replication, a pronoteFtehn Qﬁﬁéﬁ%%Fl?QjééﬁYm%¥ alpnd Infnl%moprl‘c'kev , ofg9,
49- 68 (1986) whi ctrepallclacd)bpor atethiienréion byeqi&iaienee)l, and nﬁﬂ&sss%{sy
processing informdQn.gites, such as ribosonme binding sites, RNA splice
sites, polyadenylation sites and transcriptional term nator sequences.
Preferred expression control sequences are pronoters derived from

i munogl obul i n genies, a&¥4,on Adenaicrosrgayi en@gahaming Usan BeykBge Parillll oma

virus,” and the |ikae.TRenAeClors GO g, {06 BNA ssqent s ol [ nier st

(e.g., the heavy and |1 aln encodi ng seq uences and reSS| n ntrol
sequences) can beﬁoré(ﬁﬁ’éf‘?%%i Pht Bhetﬁéeﬁé§¥ é@Y?nWW\eHe%nd\’Manﬁrds
whi ch vary ‘'From Genes to Clones,’’, VCH Publishers, New York, New

York (1987)). Eukaryotic cells are actually preferred,
because a number of suitable host cell lines capable of
secreting intact immunoglobulins have been developed in
the art, and include the CHO cell 1lines, various COS
cell iines, Hela cells, preferably myeloma cell lines,
etc. and transformed B cells or hybridomas. Expression
vectors for these cells can include expression'control
sequences, such as an origin of replication, a
promoter, an enhancer (Queen, et al., Immunol. Rev.,
89, 49-68 (1986) which is incorporated herein by
reference), and necessary processing information sites,
such as ribosome binding sites, RNA splice sites,
polyadenylation sites and transcriptional terminator
sequences. Preferred expression control sequences are
promoters derived from immunoglobulin genes, SV40,
Adenovirus, cytomegalovirus, Bovine Papilloma Virus,
and the like.

The vectors containing the DNA segments of interest
(e.g., the heavy and light chain encoding sequences and
expression control sequences) can be transferred into
the host «cell by well-known methods, which vary

depending on the type of cellular host. For example,



depending on the type of cellular host. For exanple, WO 03/072766

PCT/ US03/ 05500 -39 calciumchloride transfection is commonly utilized for
pr okar yotwo og/etd7eé wher eas cal ci um phosphate treatnment oPCelUSe3/e58@0r ati on
may be used for other cellular hosts (see generally, Maniatis et al.,

Mol ecul ar A oning: A Laboratory Manual, Cokgl Spring Harbor Press (1982)
which is incorporated herein by reference). Once expressed, the whole

anti bodi es, their GlLfErE, cHLAALIE dbERS | H And sheermnaeRai neiloredt or

i munogl obul i n f omrekatybhec presenl whYLEEd 0fal €@l DShodBHAdd ad-agaRLEI N

to standard procedyres. ef. Lt £ [ncl udi apnpni um sul fate
precipitation, affinity co ﬁﬂhﬁgl,oncoa m%)léclﬁl%%%a ogr aphy; %eefluela* hosts

el ectrophor esi s ar#eet FeNerReé Y sedagénetal By, aR.  SMogesulapr 6lenang: A
Purification"” , SprbogeteryerntagiaiNewc¥oak £5:982) ) naSubst aptdsl | Y 1RWHE

i munogl obul i ns of,at.,| eas t..90 .t % honmogenei t are preferred, and
98 to 99% or rmrewhormgenelht]y St ep()ir gF%?%%g?y f%ff%ﬁﬁé%ﬁﬁc:euti cal uses.

Once purified, partially or to honpbgeneity as desired, the polypeptides
may then be used therapeuticalddy (hacludileg extIREOIROr eahly) @fireRs,

devel opi ng and pegrfQL ok assa oc res, nof | uorescent  staini ngs
and the |ike (see ,EeneraP?%/, | ?n%l‘(r:{}%(r)l ogl?]?al hﬁ/@mds?hvgfss’. | %nd Iolacl,her
Lef kovits and Per dim&unggsobul iny ofieific Pf e§he REGEYOE k InKERE Yok ¢a97®eand

1981)). For diagnostriicied detectien purpesesard hprasédbesdd est gBY eikher be
| abel ed or unl abelieds o abelalon A 100 25, £an, De. dsed 0, cominai.on with

other |abeled antibodies (second anti godl es reactive with'the
humani zed ant i bodyO180EA. aSOL Wit | BHATES cgFarnyi c9¢ br e kngtarrnheresdgl ebdl i n
constant regionsthAltertiadivekbge thpemitdlbedi esr can deepdisl ectiyrotein

Purification’’, Springer-
Verlag, New York (1982)) . Substantially pure
immunoglobulins of at least about 90 to 95% homogeneify
are preferred, and 98 to 99% or more homogeneity most
preferred, for pharmaceutical wuses. Once purified,
partially or to homogeneity as desired, the
polypeptides may then be used therapeutically
(including extracorporeally) or in developing and
performing = assay procedures, immunofluorescent
stainings and the 1like (see generally, Immunoclogical
Methods, Vols. I and II, Lefkovits and Pernis, eds.,
Academic Press, New York, New York (1979 and 1981)).

For diagnostic or detection purposes, the antibodies
may either be labeled or unlabeled. Unlabeled
antibodies can be wused in combination with other
labeled antibodies (second antibodies) that are
reactive with the humanized antibody, such as
antibodies specific for human immunoglobulin constant
regions. Alternatively, the antibodies can be directly
labeled. A wide variety of labels can be employed, such
as radionuclides, fluors, enzymes, enzyme substrates,

enzyme cofactors, enzyme inhibitors, ligands



| abel ed. A wide variety of |abels can be enployed, such as radionuclides,
fluors, enzynes, enzyne substrates, enzyne cofactors, enzyne inhibitors,

| i gands WQ0M3/0@72«¥ 66 PCT/ US03/ 05500 -40 (particul arly haprensps3/osbe.

Nunmer ous types of imunoassays are available and are well known to those
skilled in the art for detection of CCR5- exp essing cells or detection of
CCR5 nodul ation on cells capable of expressing CCR5. The present invention
al so provi des anti(pedyifubgient - hppkyaey, conddigat esuhavbug a&y@%@ectbye

si ze or ol ecul ak kol 1Nats SONRLS A0 e e%fr%ﬂnﬁegumwnh% pLe. an

increase in nean residence time in circula or - a
serum cl earance F&teél %@eﬂnunﬁ%@|@%F|z%ﬂfaﬁ?FE%Hyaﬁraénéﬁﬂ§ieﬁméeaﬁunbody

f ragnent - pol yner cemﬁugateaeaécth@n dNVErks ofbdamkthenmaee d2y 1dekchyabi i ng

the desired antifh % éggggg MMgth an inert polymer. It will be
appreci ated t hat any I'nert pol ymer which provides the conjugate with the

desired apparent size or which has the selected actual nolecular weight is
suitable for usetha @@EséﬁUCﬁhﬁ@nﬁf&h'éﬂﬁdt¥miﬁdkkﬁgﬁ§ﬂhb@@?yEﬁﬁgment—

conjugates, of  hegh YRRl ORoGlBD. LT LRRLTLS g UL € [0l e, in
Mat eri al s and PhaWﬁé@@H%?%aW@lﬂéF ?ﬁ%ﬁnéﬁ@é?rﬁbéﬂlppnCHﬁQSQSPJ(lgsgym I n

al | enbodi nents ahlfheifeventnd onncaechen- pLat | BESEOUS PEleyer kSmysedn The

nonpr ot i naceous palypg{,of g agml N dglﬁﬂ;wyadr&eoéyeﬁgg 1%3/% *}%gn %1%2%”@

i.e., a polyner not otherw se faun n nature mers
exist in nature aﬁatea?%eﬁﬂﬁﬁﬁﬁéﬁaﬁﬁZ?@c%ﬁ&ﬁ?ﬂﬂﬁ:f699Wﬁn9Ftro nethods are
al so useful, as are polynmers which are isolated from native sources.

Hydrophi l'i c pol yvirpyl FgHﬂ@ﬂ%ﬁ? faf%agment—polymer conjugates of the
invention c¢an be made by derivatizing the desired
antibody fragment with an inert polymer. It will be
appreciated that any inert polymer which provides the
conjugate with the desired apparent size or which has
the selected actual molecular weight is suitable for
use in constructing the ‘antibody fragment-polymer

conjugates of the invention.

Many inert polymers are suitable for use in
pharmaceuticals. See, e.g., Davis et al., Biomedical
Polymers: Polymeric Materials and Pharmaceuticals for
Biomedical Use, pp. 441-451 (1980). In all embodiments
of the invention, a non-protinaceous polymer is used.
The nonprotinaceous polymer ordinarily is a hydrophilic
synthetic polymer, i.e., a polymer not otherwise found
in nature. However, polymers which exist in nature and
are produced by recombinant or in vitro methods are
also useful, as are polymers which are isolated from
native sources. Hydrophilic polyvinyl polymers fall
within the scope of this invention, e.g.,
polyvinylalcohol and polyvinvypyrrolidone. Particularly
useful are polyalkylene ethers such as polyethylene
glycol (PEG); polyoxyalklyenes such as polyoxyethylene,



Wi thin the scope of this invention, e.g., polyvinylalcohol and

pol yvi nvypyrrolidone. Particularly wuseful are polyal kyl ene ethers such as
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anyl opectin, star @hmahyeée@xy@-hyénd StLarg%haceayé oser Xt rap-sildate, p.
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the final conj ug%te guf be wat ZDOI ble. "Preferably, the, conjugate
aprri

exhibits a water soPg A UghsGt 6761 nﬂ’/eHFaﬁhﬁl?mrea“d
preferably at | easp%béwg thmomdlyrﬂaccaﬁdiée‘ﬁl &ndohet prafanatlcghat i Beast

about 1 ng/n . |guaddi Ealsonlé&"@bsl@| yr®iy18peut gn not s ber bl ghlmdﬂom%g?m c
in the conjugate fgr phor_ s posse |5005|t
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i ntended to be adﬁﬂﬁF@E@Fed By stbh r@@tle@accham@ enbaldliment , of heapofiymer

contains only a siogbpol g&atyhashidel,is. geaChyamr&{u frelaps pb@ya&%d eross-

l'inking of prOteigquLE%Hkgﬁblgbgggﬁra péiysor Hto&hand polymannitol,
heparin or heparon. The polymer prior to cross-linking
need not be, but preferably is, water soluble but the
final conjugate must be water soluble. Preferably, the
conjugate exhibits a water solubility of at least about
0.01 mg/ml and more preferably at least about 0.1
'mg/ml, and still more preferably at least about 1
mg/ml. In addition the polymer should not be highly
immunogenic in the conjugate form, nor should it
possess viscosity that is incompatible with
intraveneous infusion or injection if the conjugate is

intended to be administered by such routes.

In one embodiment, the polymer contains only a single
group which is reactive. This helps to avoid cross-
linking of protein molecules. However it is within the
scope of the invention to maximize reaction conditions
to reduce cross-linking, or to purify the reaction
products through gel filtration or ion-exchange
chromatography to recover substantially homogeneous
derivatives. In other embodiments the polymer contains
two or more reactive groups for the purpose of linking

multiple antibody fragmerits to the polymer backbone.
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The polymer can be covalently linked to the antibody
fragment through a multifunctional crosslinking agent
which reacts with the polymer and one or more amino
acid residues of the antibody fragment to be linked.
However, it 1is also within the scope of the invention
to directly crosslink the polymer by reacting a
derivatized polymer with the antibody fragment, or vice

versa.

The covalent crosslinking site on the antibody fragment
includes the N-terminal amino group and epsilon amino
groups found on lysine residues, as well other amino,
imino, carboxyl, sulfhydryl, hydroxyl or other
hydrophilic groups. The polymer may be covalently
bonded directly to the antibody fragment without the
use of a multifunctional (ordinarily bifunctional)
crosslinking agent, as described in U.S. Patent No.
6,458,355.

The degree of substitution with such a polymer will
vary depending upon the number of reactive sites on the

antibody fragment, the molecular weight, hydrophilicity
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fragments of the ieayertinentar emat/ﬁi)t am Bwi 1M t rehearat ef enPR 4R8BS, ahiAc-
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rivatives |nc ude,

G n65ci Wester §° PEE Iy dFESi de,

PEG t hi ol , PEG su@@ﬂﬁé?e Oéar%&%/mqwloat, edafpPeEgG, wEGIprdmeoml@vamdofPEG
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Functionalized PEG polymers to modi

fragments of the invention are

| ether,

fy the antibody

available from

Shearwater Polymers, Inc. (Huntsville, Ala.). Such

commercially available PEG derivatives

include, but are

not limited to, amino-PEG, PEG amino acid esters, PEG-

hydrazide, PEG-thiol, PEG-succinate,

carboxymethylated

PEG, PEG-propionic acid, PEG amino acids, PEG

succinimidyl succinate, PEG succinimidyl propionate,

succinimidyl ester of carboxymethylated PEG,

succinimidyl carbonate of PEG, succinimidyl esters of

amino acid PEGs, PEG-oxycarbonylimidazole, PEG-

nitrophenyl carbonate, PEG tresylate, PEG-glycidyl

ether, PEG-aldehyde, PEG-vinylsulfone,

PEG-maleimide,

PEG-orthopyridyl-disulfide, heterofunctional PEGs, PEG

vinyl derivatives, PEG silanes and PEG phospholides.

The reaction conditions for coupling these PEG

derivatives will vary depending on the protein, the

desired degree of PEGylation and the PEG derivative

utilized. Some factors involved in the choice of PEG

derivatives include: the desired point of attachment

(such as 1lysine or cysteine R-groups), hydrolytic

stability and reactivity of the derivatives, stability,

toxicity and antigenicity of the linkage, suitability



PEG ort hopyridyl -di sul fi de, heterofunctional PEGs, PEG vinyl derivatives,
PEG si | anes and PEG phospholides. The reaction conditions for coupling

t hese PEGvOden727ed i ves will vary dependi ng on the protei npCctrhisos3/esseo r ed
degree of PEGylation and the PEG derivative wutilized. Sone factors
involved in the choice of PEG derivatives jnclude: the desired point of
attachnment (such as lysine or cysteine R groups), hydrolytic stability
and reactivity of fbheadelyviat.i \egg,. Spabifityjinstmodtdidriy doead apki gesi ety of
the Iinkage, suitahiliby-V0.08072766 RETLMSZ,05500 . 048 Lor c0al Yihe.

etc. SpeC|f|C|nstru |onsfor the use of any p artlcu erlvalve are
avai |l abl e from t h&3" Httur er PeTheCRBIf Gt eStof thhF s iniedsdoan are
separated fromt heegnr@mxi etr st arte ngnrtcareidalss aby iggl matiekisns i vy ge1i on

exchange HPLC. The:aptie (GRS a0bkbadyngid hagrent s thereof may be used in
conbi nation with one or nore additional anti-viral agents selected from

the group consisting of nonnucl eoside reverse transcriptase inhibitors
(NNRTI s), a nucl eBsé¢dentiev@ErRse antdabedyi pt aseadumerits ttore,reoanmlaIWbé pse&ease

i nhi bi tor, avnrahne%wmmmtmthaeqecegbwa%' %ra%lttpshgef ankh€ ‘gPOW‘

NNRT] corrpounds that may be _used.in the conposition o e presen
i nvention incl ude®BEtt%ar e SSHECEPRN t BXCT 0 &f'5vi r BRSUP UC-Bs L sgg09 70 £

nevirapine (11-cychopriogmdids, 11, reivhyde o- 4- nediydriGitadiepyr i dah3b2tors

b:2'3'-][1,4] di azgpkfrH-onenud@lavisedi-ager£é P@é&r&goosgml\éle ?@J Eb@
Upj ohn) (pi perazine, et hyl [5 [

(et hysul f onyl ) an?nc?]JIV %H—R ﬁ’&%lasﬁ yllr]%lé’éf%nyla] Vlr;]rmﬁgﬁﬁft’h FFBﬁat e),
SJ- 3366 (1-(3-cychoperrranidatiphpnbhbyecB- (3, 5- di met hyl benzoyl ) - 5 et hyl -2, 4-
pyrim di nedi one), MGC- 442 (6-benzyl-I|-(ethoxynethyl)-5-
The known NNRTI compounds that may be used in the
composition of the present invention include but are
not limited to efavirenz, UC-781, HBY 097, nevirapine
(11-cyclopropyl-5,11, -dihydro-4-methyl-6H-dipyrido[3, 2-
b:2737-]1[1,4] diazepin-6-one), delavirdine
({Rescriptor™; Pharmacia Upjéhn) (piperazine, 1-[3-[(1-
methyl-ethyl)amino] -2-pyridinyl]-4-[[5-
[ {(methysulfonyl)amino] -1H-indol-2-yl] carbonyl] -,
monomethanesulfonate) , SJ-3366 (1-(3-cyclopenten-1-
yl)methyl-6-(3,5-dimethylbenzoyl) -5-ethyl-2,4-
pyrimidinedione), MKC-442 (6-benzyl-1- (ethoxymethyl)-5-
isopropyluracil), GW420867x (s-3 ethyl-6-fluro-4-
isopropoxycarbonyl-3,4-dihydro-quinoxalin-2 (1H) -one;
Glaxo), HI-443 (N’ -[2-(2-thiophene)ethyl] -N’'-[2-
bromopyridyl)]-thiourea), and the like.

The nucleoside vreverse transcriptase inhibitors that
may be used in the composition in combination with at
least one anti-CCR5 antibody or fragment thereof of the
present invention include but are 'not 1limited to
abacavir (ziagen™, GlaxoSmithKline) ((18,cis)-4-[2-
amino-6- (cyclopropylamino) -9H-purin-9-yl}-2-

cyclopentene-l-methanol sulfate (salt)), lamivudine



i sopropyluracil), GM20867x (S-3 ethyl-6-fluro-4-

i sopr opoxycar bonyl - 3, 4-di hydr o- qui noxal i n-2(1H)-one; d axo), H -443 (N -

[ 2- (2-thwvopbereade ethyl] -N - [2- (5- bronopyridyl)]-thi eareadiosaend t he

| i ke. The nucl eosi de reverse transcriptase inhibitors that may be used in
the conposition in conbination with at |eagté_one anti-CCRS anti body or
fragnment thereof of the resent invention include but are not limted to
abacavir (Zi agenTMEPGVaX m t GKexeetHK1ISedi s) ¢ 2H.2- cis) 4 -amino-1- (2

ani no- 6- (cycl opr opylsaBkpae c At PUry c pent W I sulfate
(salt)), |am vudi 2%9 VO 037 555 6 BP%TX%B)SII(%%/I%%S%&'H Q}ﬁ TR AERS

d axoSnt hKl i ne) ((OZ’R C,zggloy;u%ﬁmo(ﬂe.tggylrm, GlaXOSmlthKllne (37azido-

hydroxymet hyl -1, 3-0xatbket BymEaiHe)- (1|'QtaQMId1'Hed| nrz”enqne) BA1 QUAAG o

(RetrovirT™M Glax mi. i (3a| - i.ne st avudi ne
(Zerit; Bristol- %gr £)ggqu{%b() (f‘lé§g 8Fﬂe%ycgﬁ'93y g%??%ym%ﬁ%)abme
zaci tabine (Hivi dﬂ&/t\uaﬁ‘the Roaher al.aboes)or#am na-bmbebar D2 t3'D2’ |, 37 -

di deoxyri bof ur anosyl ne), dan05| n and the ]ike. The
HI V-1 protease i n?#gfatg}é& jﬂ’}Ilrénrgsq’geguseg |W]f]hmld%ner)rp05| ti%ﬁ#"ﬁrﬁ‘?sme'
conbi nation with &% t{‘ER}Sl%tl body or fragnents thereof of the present
invention include but. are not limted to |opirnavir (1S [1R*,

(R), 3R, 4R*] ] - N- 4. [ % h cetyl.]am no]-3-hydroxy-5
phenyl - | - ( phenyl rreT?’hy Iﬁeﬁt |?€EF¥§h§§R§&?°’W AN AL B NEL YR ene
met hyl et hyl ) - 2- oxGIOFRRF : iR ni-gi ﬁ@a@éﬂaﬁi@l@) WltbaqmtﬁaGCRS antibody or
(N-tert-butyl - deC&hydménes[2ﬁ£§e&&déﬁxyhé-present invention include but

phenyl - 3(S) -[[ N-(2:quin * _N-
aspar agi nyl ] am no] l§uty }? %Eg%{%@ﬂ%@ qlur}aﬁ'o i ne (ééf( 1303><Ram4§e)]] N
nel finavir nesyl at'e ! ?E‘S"Phe:%‘sx)’ aC%’éyl]ZF("BmoéaGBPY]irow %1,
1-di net hyetyl) de@ﬁhyﬁﬂo& phenylmethyl)pentyl]tetrahydro alpha- (1-

2[ 2- hydr oxy- 3- [ ( 3rjaydy, 9é§’h§2IW—Mﬁﬁgﬁ())y%%@mf@ﬁe%cetamide),

(phenyl t hi o) butyl ]-3-1i soqui nol | necar boxa
saquinavir (N-tert-butyl-decahydro-2-[2(R)-hydroxy-4-
phenyl-3(8)-[IN-(2-quinolylcarbonyl) -L-
asparaginyllamino]lbutyl] - (4aS, 8aS)-isoquinoline- (38) -
carboxamide) , nelfinavir mesylate ([3Ss-

[2(28*,38*) ,3a,4PB,8aB]l]-N-(1,1-dimethyetyl)decahydro-
2[2-hydroxy-3-[(3-hydroxy-2-methylbenzoyl)amino] -4-

(phenylthio)butyl] -3-isoquinoclinecarboxamide mono-
methane sul fonate), indinavir sulfate
(([1(18,2R),5(S))]-2,3,5-trideoxy-N-(2,3-dihydro-2-
hydroxy-1H-inden-1-y1)-5-[2-[[(1,1-

dimethylethyl)amino] carbonyl] -4- (3-pyridinylmethyl)-1-
piperazinyl] -2- {phenylmethyl)-D-erythropentonamide
sulfate (1:1) salt), amprenavir ((3S)-tetrahydro-3-
furyl N-[(18,2R)-3-(4-amino-N-
isobutylbenzenesulfonamido) -1-benzyl-2-
hydroxypropyl]carbamate), ritonavir ((10-Hydroxy-2-
methyl-5- (1-methylethyl)-1-[2-(1-methylethyl)-4-
thiazolyl]-3,6-dioxo-8,11-bis (phenylmethyl)-2,4,7,12-
tetraazatridecan-13-oic acid,5-thiazolylmethyl ester,
[58~ (5R*, 8R*, 10R*, 11R*)]), and the like.



met hane sul fonate), indinavir sulfate

(([1(1S,2R),5(9))]-2, 3,5-trideoxy-N(2, 3-di hydro- 2-

hydr oxy- | Woioadeated - yI) 5-12-[[(1, 1- PCT/US03/05500

di met hyl et hyl ) am no] car bonyl ] - 4- (3- pyri di nyl met hyl ) - 1-

pi perazi nyl]-2-(phenyl met hyl )-D-eryt hropentonam de sulfate (1:1) salt),

anprenavir ((3S)-tetrahydro-3- furyl N-[(lS4,62R)-3-(4-an1 no- N-

i sobut yl benzenesul f onam do) - 1- benzyl - 2- hydroxypropyl ] carbamate), ritonavir

((10- Hydr oxy- 2- y y 1: met hyl et

t hi azol yl]-3, 6- dlrr%xo g %ig% IEre[%lh)é’elnyalq e)nﬁ 1§gﬁbl7tﬂ &iat! "?ay be used

t et raazatri decan- 13- GPEPAR? Bl tvfﬂtzi‘zd'-lhsﬂ ﬁ@ﬁhypcéét éﬁitlbcf% BRragdRnLs10R*,

11R*)]), and the kihkeeo¥D 68/ OMG@II%GB/nUSOCiAuOéﬁQDOn Aen dHlnbel e’ OR 40T

viral entry inhi bi i.n in n.wth ant i_- CCR5
tPQ'Z)& Ltﬁ]e 06 rPae %’1{&% als Cl%réb 6}1 9 town gg?PRg §22

anti body or fragrrents resént I rvention rheru

(Progeni cs Phar madéttMeats, KERE:; iP&FP?‘E‘owN,C N§, Prrept NPsi ferdcd . 9Bha. |
Durham NC) (US Pat ent, Nos; 554@240 933)) , 6-h3394181s BR20t498) .6, B4B242%8(;US
Patent No 6, 345,5 7 an e |like. For conbination therapy,
the anti-CCR5 ant ?boay 17g§’8f ragfgd)rrgll\lt tqﬁe?eof of the present invention may be
provided to the subject prior to, subsequent to, or concurrently wth one
or nore conventiomal acbhvinsdionagehtsapyhi sHenventioocks | | ade ettt ebr

under st ood from the, %ﬁ%{ﬁr'{ﬁ?&f@ Defai | %e""hF%Qsé}? ! 01 s vy_:eo\éer ma) ?’hogs and

skilled in the art read preciate at t

resul ts di scussedPaP¥Ifgf ety |t|}}€ljs'€"ﬁ}ai¢‘\‘/fe PELOF hé 9 nv@hﬁ%eﬁ de’dcr PBed
more fully in thecehauaBenwihy chifol lcow ther eakterconepetbrant alntBetiakhs:
Exanple 1

agents.

This invention will be better understoocd from the
Experimental Details which follow. However, one skillea
in the art will readily appreciate that the specific
methods and results discussed are merely illustrative
of the invention as described more fully in the claims
which follow thereafter.

Experimental Details:

Example 1

A. Materials and Methods

1) Reagents
MAb 2D7 was purchased from Pharmingen (San Diego, CA)

and CC- and CXC-chemokines were obtained from R&D

Systems (Minneapolis, MN). CD4-IgG2 (1), soluble (s)
CD4 (2) and recombinant HIV-1, . gpl20, were produced by
Progenics Pharmaceuticals, Inc. (59).

2) Isolation and purification of anti-CCRS5 mAbs

" L1.2-CCR5" cells (63) were incubated £for 16h in the

presence of 5mM sodium butyrate, which activates
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(San Diego, CA) and CC and CXC-chenoki nes were obtained from R& Systens
(M nneapoNoa3/0Md%6 . CD4-1g& (1) , soluble (s) CD4 (2) amrdTrsemedsimant

H V-1JR- FL gpl120, were produced by Progenics Pharmaceuticals, Inc. (59).
2) lsolation and purification of anti-CCR5_gsAbs L1.2-CCR5' cells (63) were
i ncubated for 16h in the presence of 5nmM sodi um butyrate, which activates
WD 03/ 072766 PCT/ GS@S‘FGSSE&OH 4¥rerander i pticvesklomithe JEMYIre galomwiteus
(CW) pronot erI I t h@tatCQﬁirﬂt@b&sC@R%e)epdpeégisQBm,Fr @élbl{lii; h L;ﬂnaa_lci'of-(ib(id
increase in ce r ca-regcept or ity. Femnle c_mce were

i muni zed i nt rape??ltcfggggfl‘%r{m ?ﬁﬁio?ugﬁgi REECERI TS §Fn§-l\tz\%ek%ieﬁ‘taéreval s,
and adni ni st ered B2AP/At MEFENOIRE ShobEtuizer)' intr gpagdmeneedly s wiltheel afay's
prior to splenect amy2-8BpRenoeyties aere- fasedi Wdivdike SRR/ Qneelilsctkieg. |0
a primary screen, _su f t t Aqusan bridama cultures were
tegt ed; one hundﬁzldgglﬁggﬁl%%% %?Od%%eogg l|Onﬁi 'i%t ggﬁﬁu \f—e%qesnvgtl%gﬁg- fEdi at ed
f usi on bet ween PMPTEEF| £ 1PLEDRKLERY nafirt anPyytekpress OoRed andtiEDEheand
HeLa- EnvJR_FL' celsikg/bncallr esionanme enariguryr anséen, (Rdor@assays &%Som

ot ently | nhi bi Lory Suserist ant " Oua e a7 Co e el Eomelly | g

potently inhibitory supernatants stal S Were
sub- cl oned by | inPdgedi PO &iyentAs Oft ddemieyi g ikdite dprdyare @i LEREr an
Bi oproducts for Seidenced fusior |bediverapoiiscelNs from Balidic ndtegatlhat

were injected with hybeid praducy t nt,L = CC mAbs_PA8, RA9, PA10,
PA11, PA12 and PAlzl(?) The nAbs Wg?é it vi%g-‘l?gl _I?Lgpugrgl t&d t%‘f> %
honogenei ty by préESPPREEEI SRERAY h TSR m i at @550 1 oREd B VigksLEi n- A
chromat ogr aphy. AldesnRlbsedereor esaspengediiomas that produced the most

potently inhibitory supernatants and that also stained
CCR5" cells were sub-cloned by 1limiting dilution.
Ascites fluids were prepared'by Harlan Bioproducts for
Science, Inc. {Indianapolis, IN) from Balb/c mice that
were injected with hybridomas producing the anti-CCR5
mAbs PA8, PAS, PA10, PAll, PAl12 and PAl4. The mAbs were
individually purified to >95% homogeneity by
precipitation with ammonium sulfate followed Dby
protein-A chromatography. All mAbs were resuspended in
phosphate buffered saline (PBS) at a final

concentration of 5mg/ml.

3) Fluorescence activated cell sorting (FACS)

analysis and epitope mapping of anti-CCR5 mAbs

Flow cytometry was used to detect cell-surface
reactivity of mAbs PA8-PAl12 and PAl4 with CCR5. Sodium
butyrate treated L1.2-CCR5' cells (10°) were incubated

with 0.25ug of antibody, for 20min at 4°C in 0.1% sodium

azide (NaN,) in 50 pl of Dulbecco’s PBS (DPBS). The CCR5
mAb 2D7 was used as a positive control, a non-specific
murine IgGl was used as a negative control. The cells
were spun down, washed and incubated with phycoerythrin

(PE) -labeled goat anti-mouse IgG (Caltag, Burlingame,



phosphate buffered saline (PBS) at a final concentration of 5ng/m. 3)

Fl uorescence activated cell sorting (FACS) analysis and epitope mappi ng of
ant i - CCRBvomb®72766 ow cytonetry was used to detect cell-suprCaasosesactivity
of mAbs PA8-PA12 and PA14 with CCR5. Sodium butyrate treated LI|.2-CCR5
cells (106) were incubated wth 0.25g of antibody, for 20mn at 4Cin 0.1%
sodium azide (NaN3) in 50 | of Dul becco' s™PBS (DPBS). The CCR5 mAb 2D7

was used as a posichi)veixiaHdol 1. BooNas@eci the JAME NEoABGL JMas usedyas a
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phycoerythrin (PE)ZFibaf et goat * Mt nshse T 16 t tal tal: S BIFIS Agat¥zedo
03/ 072766 PCT/ USO3¥05508 cyugneyyy diHBMCetrere1069laneiérandestsiang atedditi ons

as the first antipbedyoustpbatdserivEianaldyy, &gkl ssudnesanakyzedsihyElow
cytonetry. PBMC vvren[%%hio ol ated and stinulated as previously described (60)

and stained using sim & nethods. A sinilar procedure was used for

epi tope mapping of the anti-CCR5 mAbs. A panel of seventy CCRS poi nt

mitants has beenadeseribhedpf@feadd wa2) usther60dipo SRAURIRSy oF these
proteins are sub-cl gnigg poto.the pcDNA3. 1  vect or g,Str%tBa ene) from which
transcription can°Be aFiveli™By - a”5P3%9: pSfy FErS8EY prERvt &P ThEVUEERES
mutants carry a 92apediegne deswadbadi nich. (BA) tag - atThehed@ingerseiquescker

detection of proteirn iResel lproysahes e b¥unfbovn&yt aRRL Yenderoagk! s
(2x106) were incubated fo 5hatavvietnte1 _201grlorr1 %Qoﬂ_ecttri n %r}d noeq_ual aggunt
of wild- type or mitant C@{Zg—exﬁresél ng pl adni @ i nGPH %/ll LI
Technol ogi es, Gai BlévsbBuPy, 2 VD) . TTHOloEIEreésgepeonehen. | e d@$ ocab2lh with
2x10' p.f.u. of VEEFr{23) torekoast KMAXRIASSI OMHAetaghege WidHe 2aM
et hyl enedi am ne t%%&%ﬁﬁ&écfggiégéé%ggg% %@ E§§tggg in cell lysates or by
flow cytometry. HelLa cells (2x10°) were incubated for 5h
with 20ug/ml 1lipofectin and an equal amount of wild-
type or mutant CCR5-expressing plasmid in OPTI-MEM
(Life Technologies, Gaithersburg, MD). The cells were
then infected for 12h with 2x10" p.f.u. of VvTF7 (23) to
boost CCRS expression, detached with 2mM
ethylenediamine tetracetic acid (EDTA) in PBS and
washed once with binding buffer (1% BSA, 0.05% NaN, in
DPBS) . Cells (1x10°) were surface labeled with mAbs as
described in the previous paragraph, washed once with
the incubation buffer and resuspended in 1ml of 1x
FACSlyse in water (Becton Dickinson) for 30min at room
temperature, to permeabilize the cell membranes. The

cells were then spun down, washed with the incubation

buffer and incubated for 1h at 37°C with 4ug/ml of a
fluorescein isothiocyanate (FITC)-labeled mouse anti-HA
mAb (BabCo, Richmond, CA) for intracellular labeling.
Finally, cells were washed once with binding buffer and
once with DPBS, resuspended in 1% formaldehyde in PBS
and analyzed by flow cytometry. The extent of binding
of a mAb to mutant CCR5 was determined by the equation
(mutant CCR5 PE m.f.i. / wt CCR5 PE m.£.1.) / (mutant
CCR5 FITC m.f.i. / wt CCR5 FITC m.f.i.) x100%. This



washed once with binding buffer (1% BSA, 0.05% NaN3 in DPBS). Cells
(1x106) were surface | abeled with mAbs as described in the previous

par agr aphwowastes once with the incubation buffer and resaspsosiessoo n | m
of 1x FACSlyse in water (Becton Dickinson) for 30mn at room tenperature,
to perneabilize the cell nenbranes. The cg/ls were then spun down, washed
with the incubation buffer and incubated for 1h at 37C with 4g/m of a

fl uorescei n i sot hire&anates ( FIMAY) - | ddeidédanpuder ant mutint mzo(-Bak€ptror

Ri chnond, CA) for expteasebhularellsabeling. Finally, cells were washed once
with bindi ng buffer and once wth DPBS, resuspended in 1% formal dehyde in
PBS and anal yzed by flow cytonetry. The extent of binding of a mAb to
mut ant CCR5 was det)ern‘gpezlo,be)cﬂ4hﬂb1aqt1!ﬁ§i @@sa& rrut ant CCR5 PE mf '. [ wt

CCR5 PE mf.i El, TC . Xx100%
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di afiltration. Sog%rr.fng%%%%ate {h?oec%t Fq Tr Y38 %&R&re%ﬁ it %r ncﬁSM‘Ed
with varying dil utFéfs I8FUBAt @GuIibh aVaryiRg uFiél’é)‘i1@@40%ndnb|equumyllared
gpl120, or 1f 259/ nhiaturs Ghe et 2ry/ioTotehybhotd %ﬁeﬁ(ﬁd ogp]lZQS!u g/khecs )
presence o varyl c ent ng (Ot .ant! A8- PAL PA14 D7
or a non-specific E\%?l %128 Pé‘ﬁgt/fmq Ihfbéttm%% Tenfer é)t dFe 5PF BTE5ERERS i n
DPBS. Cells were \W/ésﬁ’e?dy\hﬁﬂh copRgenthaetbats onf bahtér CaRe mAbeb&REdPAMLEh
streptavi di n- PE fBeet opDDi €&KidNSn)- shekited dubdlhe fycii,h falr AAOAY room

tenperature. Finally,ceells. wer s yasigd, Wit Boblnckog o BufLer, and,analyzed
using a fl uorescence plate rea
the 1ncubatlon buffer and incubated with streptavidin-

PE (Becton Dickinson) diluted 1:50, for 1h at xroom
temperature. Finally, cells were washed with binding
buffer and analyzed using a fluorescence plate reader

(Perspective Biosystems, Framingham, MA).

5) Inhibition of envelope-mediated cell-cell fusion
and HIV-1 entry by anti-CCR5 mAbs

HIV-1 envelope-mediated fusion between Hela-Env, ' and

PM1 cells was detected using the RET assay. Equal
numbers (2x10°) of fluorescein octadecyl ester (F18)-
labeled envelope-expressing cells and octadecyl
rhodamine (R18)-labeled PM1 cells were plated in 96-
well plates in 15% fetal c¢alf serum in DPBS and

incubated for 4h at 37°C in the presence of varying
concentrations of the anti-CCR5 mAbs, PA8-PAl12, PAl4,
2D7 or a non-specific murine IgGl. Fluorescence RET was
measured with a Cytofluor plate-reader (PerSeptive
Biosystems) and % RET was determined as previously
described (38).

NLluc'env’ viruses complemented in trans by envelope

glycoproteins from JR-FL or Gun-1 were produced as



(Perspective Biosystens, Fram ngham MA\). 5) Inhibition of
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envel ope-wedsatae f usi on bet ween HelLa-Env, R FL' and PML eefrisoxnesodet ect ed
usi ng the RET assay. Equal nunbers (2x104) of fluorescein octadecyl ester
(F18)- | abel ed envel ope-expressing cells and octadecyl rhodam ne
(R18)-1abel ed PML cells were plated in 96->fell plates in 15%fetal calf
serumin DPBS and ré@f&mt}ﬁddéé)érfﬂb@t (3dC | Rghhe- @b@‘e‘c‘%ﬁ%@ %fel\i@ryzm
concentrations of the ant| E PA8 PAl12,. PAl14,

non-speci fic muri e ¥gda? nfeqys escé{r‘lsa RE@ih%es“CneasEFé’&rﬁth Wﬁﬁ‘? uor
pl ate-reader (PerSeptdieind Wﬂoen%’)nlam4%ll¥1thﬁaspd@¢@qﬁ nefd esrying
previously descrj V.l C e by
envel ope gl ycopr!(:) Igéjenrgs%%rtolr%l}! fG:Lgﬂlg e V%%\%érleagirg%d{]%gd&d j}\/\BE 3?09’2766
PCT/ US03/ 05500 -50r¢ﬁfﬂnnﬁﬂ§myndes@$ib%dwezﬁ) repl@TRG- G4’ CEBRS5heel AL 14)

Wer;ahl nfected w t?oﬁiumrﬂgc,merdqaor@eéswﬂaé@@s \ﬁlmé;maﬂgléledw@ngwé&e |0242h
in the presence of varyin ncen i ons e i ndivi er

at 37C, virus- co?\(ti%‘?‘% ?%a%ﬁbcﬁ%ﬁe\feﬁé b%p?%ce%f ;o gs?ﬁ 1m@§ g@ﬁt}f)@f%

medi a. Fresh nediaf Wéhoubulhei béﬂr@segaﬂer@r%mdagm nthf teellie Elrmilr S.

After a total of Ya&féi%le ;piftllvas wutfer) (l%a@mga)suy\@aeaaddgglcipoécﬁle
cells and | uci fergg)'_" tivity asur d.as descrl )
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Cal ci um si gnal i nga8ssYs Jheankhvergehronmemdsndo- 1AM (Mol ecul ar  Pr obes,
Eugene, OR) was added to sodiumbutyrate treated L1.2-CCR5,' <cells at a

final concentration of 5M After incubation
6) Calcium signaling assays

The fluorochrome Indo-1AM (Molecular Probes, Eugene,
OR) was added to sodium butyrate treated L1.2-CCR5’

cells at a final concentration of 5puM. After incubation

at 37°C for 30min, the cells were washed once and
resuspended in Hank’'s buffered saline. Cells (10°) were
stimulated sequentially with an anti-CCR5 mAb or PBS,
followed 60s later with RANTES. MAbs PA8-PAl2 and PAl4

were used at a concentration of 100ug/ml, 2D7 at
20pug/ml and RANTES at 250ng/ml. Calcium flux inhibition
by PA14 and 2D7 was also tested for a wide range of mAb
concentrations, ranging from 0-100ug/ml. Intracellular
calcium levels were monitored using a Perkin-Elmer LS-
508 fluorescence spectrophotometer by measuring the

ratio of fluorescence emissions at 402nm (bound dye)

and 486nm (free dye) following excitation at 358nm.

B. Results and Discussion

1) Isolating anti-CCR5 monoclonal antibodies PAS,
PA9, PA10, PAl1l1l, PAl2 and PAl4

It was found that peptides corresponding to the

extracellular domains of CCR5 are inefficient at



at 37C for 30mn, the cells were washed once and resuspended in Hank's
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[{3' ecul es such as LFA ] p(37)q EWPLidormse bR PAlSrand BAIA yererdeteq m ned

against cell surface adhesion molecules such as LFA-1
(37). Hybridomas PA8-PAl2 and PAl4 were determined by
isotyping ELISA (Cappell, Durham, NC) to secrete IgGl
mAbs. Ascites fluids were prepared from Balb/C mice
that were injected with the six hybridomas and the IgGl
fractions were purified. PAS, PA9, PAll, PAl2 and PAl4
exhibited distinct isoelectric focussing profiles,
whereas PA10 had a very similar profile to that of PAY
and therefore may be a second isoclate of the same mAb

(data not shown).

2) MAb binding to CCR5+ cells
None of the purified anti-CCR5 mAbs stained the

parental L1.2 cell line (data not shown). However, mAbs
PA9-PAl12 and PA14 stained >90%, and PA8 stained -~70%,
of L1.2-CCR5' cells as determined by flow cytometry,
showing they recognized CCR5 (Figure 1). The anti-CCR5
maAb 2D7, which was a ©positive control in our
experiments, also stained >90% of L1.2-CCR5' cells. PA8-
PA12 and PAl4 are all IgGl, and react equally well with
a goat anti-mouse IgG, whereés 2D7 is an IgG2a and may
react differently with the reporter antibody. Only mean

fluorescence intensities (m.f.i.) measured with maAbs



i sotyping ELI SA (Cappell, Durham NC) to secrete 1gGl mAbs. Ascites fluids
were prepared fromBalb/C mce that were injected with the six hybridomas
and the Iw@b3/nfrecti ons were purified. PA8, PA9, PAll, PAPRP2TAISO3/03A00)

exhi bited distinct isoelectric focussing profiles, whereas PALO had a very
simlar profile to that of PA9 and therefare may be a second isol ate of
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between PA8 and thsset heyr ”@@ﬁS“ﬁ@@’e@ﬁ@egoﬂﬁ%‘%@BtOV&E anpyl dg, aac%geoféf

concentrations ( n and probably do not correspon
di fferences in mﬁ\gtl f?%ﬁzfl &§ %81‘ CCRS. This inplies that PA8 |nt eracts

only with a subset of CCR5 nol ecules present on the surface of L1.2-CCR5

celi's. Conpared wcbRphie@- @£B5+L1ceal degrs0i LePES; shi vy &l ed RBVE: 8XxBihikt ed

di fferent pattern%inb%E@én gf e&guaéﬁgerns of staining by the anti-

CCR5 mAbs. 2D7 and PAl4 stained >20%, PAll and PAl2
stained ~10%, PA8, PA9 and PAl10 stained <5% of PBMC
(Figure 1). The mean fluorescence intensities of thé
stained PBMC were about ten-fold 1lower than those
obtained with L1.2-CCR5" cells for each mAb; their rank
order was (2D7>) PAl4> PAl12~ PAll~ PA10~ PAS~ PAS.
Again, this differed somewhat from the order of
reactivities observed on ACCRS transfectants. The
difference between PA9 m.f.i. and PA14 m.f.i. was
seven-fold. Other groups have observed similar
differences in the ability of anti-CCR5 mAbs to stain
stable, CCR5" cell lines versus PBMC (28). This may be
due to cell-specific differences in CCRS conformation,
post-translational modification or oligomerization.
Alternatively, association with other «cell surface
molecules may differ between cells. Since an obvious
choice for such a molecule would be the CD4 cell
surface antigen, which is absent from L1.2-CCR5' cells
and present on PBMCs, we also tested the ability PAS8-
PA12, PAl4 and 2D7 to stain Hela cells transiently
expressing CCR5 alone or with CD4. No differences were
observed in the ability of any of the mAbs to stain

cell surface CCR5 in the presence of CD4 (data not



CCRS mAbs. 2D7 and PAl14 stained >20% PAl1l and PAl12 stained -10% PA8, PA9
and PA10 stained <5%of PBMC (Figure 1) . The nean fl uorescence
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alone or with CD4. No di,ffgrences were observed in the ability of any of
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03/ 072766 PCT/ USO3PBS56H t0833BhERRT1SS |1etheid § Larfiessssciratireadbandeen
these two protei dspactredeSCRHt pravelne bgpinteapesnr edegriizgd ibyiichhieng
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cells were lipofected with mutant or wild type CCRS

coding sequences appended with C-terminal HA tags, and
infected with vTF7 (23) to boost co-receptor
expression. The cells were then incubated with the
anti-CCR5 mAbs and their binding was revealed by a PE-
labeled gocat anti-mouse IgG. A second, intracellular
stain was performed with a FITC-labeled anti-HA mAb
(BabCo) . This internal control allowed us to directly
normalize staining by the anti-CCR5 mAbs for mutant co-
receptor expression levels on the cell surface. Hence,
mAb binding to each mutant is expressed as a percentage

of binding to wild-type CCR5 (Figure 4) .

Certain point mutations reduced the binding of all of
the antibodies to CCR5 by >50%. In general, PA8-PAl2
were the most affected, PAl4 and 2D7 the least affected
by this class of mutants, which included the cysteine
pair C101A and C178A, the Nt mutants Y10A, D11A, K25A,
the ECL1 mutant D95A, the ECL2 mutants K171A/E172A,
Q188A, K191A/N192A, and the ECL3 mutants F263A and
F264A (Fig. 1). One interpretation is that these

residues are not part of the mAb epitopes per se, but

that changing them to alanines causes conformational
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MAbs recogni ze ovelLapRLaG P, EiStEACEEP LORSSer to bind to cCRs.

4) Chemokine signaling in the presence of anti-CCR5
mAbs

Chemokine receptor-binding agents can be antagonists

or, more rarely, agonists of receptor-mediated
intracellular signaling. Alternatively, they could have
no effect on signaling. CCR5 is able to bind three cCC-
chemokines, RANTES, MIP-l1a and MIP-1f, and transduce a
signal that modulates cytosolic calcium levels. We
therefore tested the agonist/antagonist activity of
various concentrations of mAbs PA8-PAl2, PAl4 and 2D7.
Changes in intracellular calcium  concentrations,
(Ca*)i, were measured in Indo-1-locaded L1.2-CCR5®
cells. None of the mAbs stimuléted a change in (ca®)i,
indicating that they are not agonists for CCR5. PAS-
PAl2 were also unable to inhibit Ca* fluxes induced by
RANTES (Fig.5A and data not shown) , even at
concentrations as high as 100pug/ml, showing they are
not antagonists either. These concentrations provide
saturating binding of the mAbs to L1.2-CCR5" cells, as
shown by flow cytometry and the gpl20/CCR5 binding
assay (Fig. 6D and data not shown). MAbs PAl14 and 2D7,



(Figure 4). MAb PA8 binding to CCRS depended on N13 and Y15 in the Nt. MAb
PA9 and PA10 required D2, Y3, 4, P8 and N13 in the Nt, and Y176 and T177
in ECL2. WBl3®A966 al so required S7 in the Nt. MAb PAl1l an®CPABE3MHESoi ng
depended on Q4 in the Nt. PAl14 required D2 in the Nt, and R168 and Y176 in
ECL2. Finally, mAb 2D7 required Q170 and K171/ E172 in ECL2 in order to
bind to CCR5. 4) Chenokine signaling in tHeresence of anti-CCR5 mAbs
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cal ci um nobi |'i zat Len sndgged hye SRAMIES, al though with different potencies
(Fig.5A, 5B). The 1C50 for PA14 calciuminflux inhibition was 50g/m ,

whi ch was approxinmately 8-fold higher than the 1C50 for 2D7 (Fig. SB).
RANTES-, M P-|la- and M#riitirmgucetl CCR5 co-receptor function by the

mAbs
MAbs PA8-PAl2 and PAl4 were initially selected on the
basis of their ability to inhibit HIV-1 envelope-

mediated cell-cell fusion. This activity was confirmed
and quantified for the purified mAbs. As expected, all
six mAbs, as well as mAb 2D7, blocked fusion between
CD4"CCR5" PM1 cells and HelLa-Envy, ' cells in the RET
assay. The rank order of potency was 2D7~ PAl4> PAl2>
PAl1l> PA10~ PAY9~ PA8 (Fig. 6A). IC,, values for PAl4 and
2D7 were 1.7pg/ml and 1.6pg/ml respectively, for PAll

and PAl2 these were 25.5ug/ml and 10.0ug/ml
respectively (Figure 3). PA8, PA9 and PA10 inhibited
fusion by only 10-15% at 300ug/ml. None of the mAbs

+

affected fusion between PM1 cells and HelLa-Env,;" cells,
which express the full length envelope protein from an

X4 virus (data not shown) .

The ability of the different anti-CCRS5 mAbs to inhibit
entry of a prototypic RS5 virus, JR-FL, and a R5X4
virus, Gun-1, in a single-round of replication,
luciferase-based entry assay was also tested. The rank

order of potency in the entry assay was similar to the



calciumfluxes were each inhibited by simlar concentrations of PA14 (data
not shown). None of the mAbs affected SDF-1-induced cal ci um nobilization
in L1 2-WORS07wed | s, whi ch endogenously express CXCR4 (daca/usnmossahown) .
Finally, neither mAbs nor CC- chenokines affected cytosolic calciumlevels
in parental L1.2 cells (data not shown). _3)_Inhibition of CCRS co-receptor
function by the mnmAbs MAbs PA8- PA12 and PAI4 were initially selected on the
basi s of their abotéd tdetteominhibih thé/-de Envwedldpdusiedi atedycéfig cedB)
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the full length ehv ope protelnfroman ta‘no The
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R5 virus, JR-FL, anhan Rehy VIEIULSry G- &ualrtlaD;ﬁ'cngjhﬁt-rlOU\Véis 0f-3-fold

repllcatlon | uci f er ase- hase ntr. SS h n or der
of potency in the™&ntri asg wgs S|Xlr1na}f ?\%Eiyh r'\sf&% gg?‘%?%%% End 8-

PCT/ US03/ 05500 -BB @ﬁ'e“}de(tdeﬁm ned $TFPVUHe cell-cell fusion assay (Fig. 6B).
A >50% i nhibition of JR-FL or Gun-1 entry with PA8-PAl1l1 was unable to be

gﬁ:?;n33'>gggbkff nyajg§1£g£p%é%2rﬁﬁﬁs %1ghggﬁﬁkibk@“@%ﬁ%ﬂo&@h%985£8&iOf
fusion either by directly affecting the gpl20/CCR5
interaction or by impeding post-binding~steps involved
in the formation of an active fusion complex. To
determine the mechanism of inhibition of wviral fusion
and entry by PA8-PA12 and PAl4, the ability of the
different mAbs to block the gpl20/CCRS5 interaction was
tested. For this an assay that detects binding to L1.2-
CCRS' cells of biotinylated HIV-1,. dgpl20 complexed
with sCD4 was used. No binding of biotinylated gpl20
was observed in the absence of sCD4 or CCR5, or when

HIV-1,; gpl20 was used (Fig. 6C).

With the exception of PAS8, all mwAbs abrogated
gp120/sCD4 binding to L1.2-CCR5" (Fig. 6D). Inhibition
by PA8 saturated at ~40%, which concurs with flow
cytometry data (Figure 1) in suggesting that this mAb
binds only to a subset of CCR5 molecules on L1.2-CCR5’
cells. MAbs PA9, PA10, PAll and PAl12 inhibited binding
with 1IC,, values of 0.24, 0.13, 0.33, 0.24 pg/ml
respectively (Figure 3). Surprisingly, mAbs PAl4 and
2D7 were the two least efficient inhibitors of
gp120/sCD4 binding, with IC,, values of 1.58 and 1.38

ng/ml respectively (Figure 3). Therefore, there was no

correlation between the ability of a mAb to inhibit



this mAb was unable to be obtained. The |CsO values for PAl4 and 2D7
inhibition of JR-FL entry were determned to be 0.024 and 0.026 g/m
respecti webywspB7gure 3), and were 60-fold | ower then thogeralsvaossed in the
fusion assay. Entry of dual-tropic GQun-1 was 2-3-fold nore sensitive to
inhibition by anti-CCRS mAbs than JR- FL emtry (data not shown).
Anti-co-receptor mAbs m ght inhibit envel ope-nediated fusion either by
directly affectingpthe/CRA/ZORECREA1rpedr mevPBRROr fB§1 PRpEAIInFTIEst - Hithdi ng
steps involved incthaediqrrgtion olocar aghizegstusi wirenmpl exo The desermi ne
t he mechanismof inhibition of viral fusion and entry by PA8-PA12 and
PA14, the abili tyTBFRHE - different mAbs to bl ock the gpl 20/ CCRS
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CCRSI, ndi ng of bioti nylat ﬁd' %gl%(%s Vas ol:r)%g_r_gggil ?Ethe gt;ﬁen&%eqj sEP4H ?r

or when H V-1, %

PA8, al|l mAbs abrogat eehtgpl 20i&EDArEi nding to L1.2-CCRS' (Fig. 6D)
Inhibition by PA8 saturated at -40% which concurs with flow cytonetry

data (Figure 1) in suggesting that.this in o] b CCR5
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%Ease progression. CCR5 mAbs were therefore
tested in combination with each other or with RANTES,
or with CD4-1gG2, which binds to HIV-1 gpl20 to inhibit
attachment to target cells. Dose-response curves were
obtained for the agents used individually and in
combination in viral fusion and entry assays. Data were
analyzed using the median effect principle (9). The
concentrations of single-agents or their mixtures
required to produce a given effect were quantitatively
compared in a term known as the Combination Index (CI).
A CI value greater than 1 indicates antagonism, CI ~ 1
indicates an additive effect, and CI < 1 indicates a
synergistic effect wherein the presence of one agent

enhances the effect of another.

Combinations of PA12 and 2D7 were the most potently
synergistic, with CI values ranging between 0.02 and
0.29, depending on the ratio of the antibodies (Fig. 7
and Figure 2). The degree of synergy is known to vary
with the stoichiometry of the agents. The viral entry
and fusion assays were generally consistent in
identifying mAb combinations that are highly
synergistic, PAl2 and 2D7; moderately synergistic, PAl2



receptor. 6) Synergistic inhibition of H V-1 fusion by conbinations of
anti-CCR5 mAbs and other viral entry inhibitors Co-receptor-specific
agents nmawyoasn7ds6 mul ti ple stages of the entry process amdTawshd/aEs00
non-additive effects when used in conbination. Froma clinical
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afford sone | evelamd pPatécti eddiaguenst PALseasedpr dgrlessi oand CORSalkAbS
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addi tive, PAll and,RAle; ands\weakby. pa14 and 2D7 exhibited no synergy
with RANTES, which is consistent with these mAbs being
inhibitory of RANTES binding and signaling (Fig. BA,
5B). Finally, we tested synergy between mAbs PAl2,
PA14, 2D7 and CD4-IgG2, which interacts with gpl20. We
observed moderate synergy between PAl12 and CD4-IgG2 but
no synergy between PAl4 or 2D7 and CD4-IgG2 (Figure 2).

Experimental Discussion

Six murine anti-CCR5 1IgGl mAbs were isolated and
characterized. Whereas PA8, PA9, PAll, PAl2 and PAl4
are distinct molecular species, PA9 and PAl0 are
indistinguishable by the analyses and therefore are
probably the same mAb. All of the mAbs that were
isolated recognize complex conformational epitopes, as
is often the case with mAbs raised against native, cell
surface proteins. Epitope mapping was performed for all
mAbs using a panel of CCR5 alanine point mutants.
Residues that affected binding of all mAbs similarly
were assumed to cause conformational perturbations in
the co-receptor and not to constitute part of the mAb
epitopes. Only two such residues, Y10 and D11, have
been shown to affect HIV-1 entry (20, 52). The PAS8,
pal1l and PAl2 epitopes are located exclusively in the



antagoni stic, PAl4 and 2D7. The lack of synergy between PAl4 and 2D7 is
not surprising given that these mAbs cross-conpete for binding to CCR5

cel |l s as wetsnmeed by flow cytonmetry (data not shown) . pCmaSedieseo/ati on
of an additive effect of PA1l and PA12 may be an indication that these
mAbs bind to slightly different epitopes_gg_ CCR5, while sharing a
dependency on residue Q4 in the Nt. The aEI lity of mAbs PAl12, PAl14 and 2D7
to synergize w tit RANEES.i monlsdekeny wiedl -tdeld rHfagsilon RAS ahsoablested.
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conformati onal peft®dr bat¥ o}?fsn‘?rPepttﬁéle gAbE%%]b? o?t%r?]g Ho1° S SIESRSEREUER part
of the mAb epitopas. bEntupchaogsdchyr esitdgesesyd0 Andiprdieshaled, bBRHO shown

fgcgzggcéx?:v-l e?E&YPQQQ rég%%F?Jhﬁef eBAkkaQHQnB&%ae@p&Egpﬁﬁe@r@n
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epitope was located exclusively in ECL2.

The PAl4 epitope comprises both D2 in the Nt and R168
in ECL2 indicating that these two residues are proximal
to one another within the context of a mAb footprint.
They may even directly interact with one another

through their opposite charges.

MAbs PA8-PA12 and PAl4 stained CCR5" cells with
different intensities and in a cell type-dependent
manner. All mAbs except PA8 stained >90% L1.2-CCR5°
cells, the highest mean fluorescence intensity being
observed with PAl1l1 and PA12. However, PAl4 and 2D7
stained the highest percentage of PBMC and also yielded
the highest mean fluorescence intensities on these
cells. Hill et al. (28) have recently characterized a
panel of anti-CCR5 mAbs that similarly stained
transfected cells, but only two of eight stained PBMC,
and none stained primary monocytes. A low affinity for
CCR5 probably accounted for -the non-reactivity of two
of the mAbs with primary cells, but this was unlikely
to be the explanation for the failure of the other four



-59 Nt domain. Consistent wwth this result, PA8 was able to bind a
biotinylated Nt peptide, containing residues D2 through R31, in an ELISA
(dat a notwehemmiee However, PAIl and PAl2, whose bi ndi ngprstrrusngidisodepended
only on 4, did not bind the Nt peptide in solution (data not shown). One
possibility is that the Nt peptide does nog,_assume t he proper conformation
for recognition by PA11 and PA12, wher eas %AS bi ndi ng may be | ess
conformati on- dependefct . AhhebﬁatmmlyanaAlheambsEAié nhghtosintirtastse with
resi dues that we hawv t t %gg\/\% ds h o] S
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two of eight stalmm RBMGh =akdanongosiat nedf prhiewkyingpnodytesd. cAl ¢ ovn
affinity for r#¥%§yﬁgna%%9u@h%%ukgﬁlth%oQBQtée@QEthEYCQéméMQble t he
rrAbsvmthprlrraryc s, but this was_unli

for binding to.CCR5. Yet thesélmAbs stain PBMC the most
intensely. Alternatively, differential CCRS5 _epitope
exposure may reflect cell type-specific receptor
oligomerization, association with other cell-surface
molecules, or different post-translational
modifications such as glycosylation. We have shown that
differences in mAb binding probably do not reflect cell

type-specific differences in CD4/CCR5 interactions.

MAbs DPA8-PA12 did not inhibit CC-chemokine induced
calcium mobilization in CCR5" cells, nor did they
mediate signaling through CCR5. MAbs 2D7 and PAl4 were
inhibitors of CC-chemokine induced calcium
mobilization, but 2D7 was almost an order of magnitude
more potent than PAl4. This may be because the PAl4
epitope overlaps less with the CC-chemokine binding
domain on CCR5 than the 2D7 epitope. All of the mAbs
also blocked HIV-1 entry and envelope-mediated membrane
fusion, but inhibition of cell-cell fusion required in
some cases almost two orders of magnitude more antibody
than what was needed to block viral entry. Presumably,
more gp120/CD4/CCR5 interactions as well as

interactions between adhesion molecules are established



to be the explanation for'the failure of the other four WO 03/072766
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These observations raise questions about the nature of
the CCR5 molecules presented on different cells and
about the mechanisms of inhibition of viral fusion and
entry. It may be that CCR5 on L1.2 cells, used in the
mAb and gpl20-binding assays, is not in an identical
conformation to CCR5 on PBMC, used in the mAb-binding
assay, or to CCR5 on PM1 and U87MG cells used in the

fusion and entry assays.

The low staining of PBMC and the partial inhibition of
fusion and entry by some of our mAbs indicate that they
are only able to bind to a subset of CCRS5 molecules
expressed on primary lymphocytes, PM1 and UB7MG-
CD4°'CCR5* cell lines. Yet, other than PA8, all mAbs are
able to stain >90% L1.2-CCR5' cells and to completely
block binding of the gpl20/sCD4 complex to these cells.
At least one difference between L1.2-CCR5' and the other
cells that we have used is the density of co-receptor
protein on the cell surface. Indeed, we estimate that
the L1.2-CCR5' cells express 10- to 100-fold more cell
surface co-receptor than PM1 and U87MG-CD4'CCR5" cells.

But when Hela cells are engineered to transiently



sone cases al nost two orders of nagnitude nore antibody than what was
needed to block viral entry. Presumably, nore gpl 20/ CD4/ CCR5 interactions
as well awsoomtEs@acti ons between adhesi on nol ecul es are e@cahiSpzbssc WO
03/ 072766 PCT/ US03/ 05500 -61 and act cooperatively during cell-cell
fusion, conpared to virus-cell fusion, malg ng it nore difficult to
inhibit. This is commonly observed vmth anti-bodies to LFA-1 or to the
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mAbs are able to staln >90% L1, 2-CCR5' cells and.to con‘e ely
presence of mAb concentrations that sat rate epitopes

required for gpl20 binding to L1.2-CCR5+ cells. We
favor the hypothesis that the co-receptor molecules
present on L1.2-CCR5" cells possess one HIV-1 entry-
competent conformation whereas CCRS molecules on PBMC,
PM1 and CCR5® UB7MG exist in multiple, entry-competent
states that display different mAb reactivities. Whereas
PA14 and 2D7 may recognize all conformations, other
mAbs may not. Why L1.2 cells are conducive to a
particular fusion-competent conformation remains to be

determined.

It has recently been demonstrated that the gpl20-
binding domain lies in the first twenty residues of the
CCR5 Nt domain. MAbs to the gpl20-binding domain on
CCR5 potently block this interaction but are not nearly
as efficient at inhibiting HIV-1 fusion and entry into
target cells as PA14 and 2D7, whose epitopes lie
outside this region. PAl14 recognizes the tip of the Nt
and residues in ECL2, whereas the 2D7 epitope is
located exclusively in ECL2. At the mechanism of action
of these mAbs can only be speculated. It may be that

their binding to the first few residues of ECL2 induces



bl ock binding of the gpl20/sCD4 conplex to these cells. At |east one

di fference between L1.2-CCR5' and the other cells that we have used is the
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more efficient than directly blocking that

interaction. One way to explain this would be to assume
that the off rate of gpl20 binding to CCR5 is much
lower than the on rate of mAb binding to CCR5. Thus,
every time a mAb detaches itself from a co-receptor
molecule, a virion-associated gpl20 molecule replaces
it in a quasi-irreversible fashion since this

interaction leads to membrane fusion.

Synergy between combinations of anti-CCR5 mAbs is
probably a result of their interactions with distinct
epitopes that are involved in inter-dependent,
consecutive steps of HIV-1 entry. The degree of synergy
observed between PAl12 and 2D7 (CI<0.1 wunder many
circumstances) 1is extraordinary since CI values <0.2
are rarely observed for combinations of anti-HIV-1
antibodies (33, 35, 61), reverse transcriptase
inhibitors (29), or protease inhibitors (44). Because
of its potency, the PA12:2D7 combination was examined
in multiple assay formats and concentration ratios, for
which consistently ‘high = levels of synergy were
observed. Moderate synergy was observed for PAl2

combined with PAl4. We also observed moderate synergy
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The above results are consistent with a model wherein
HIV-1 entry occurs in three distinct steps involving
receptor binding, co-receptor binding, and co-receptor
mediated membrane fusion. Separate co-receptor binding
and fusion events are suggested by the lack of
correlation between the monoclonal antibodies’
abilities to block gpl20 binding and HIV-1
fusion/entry. The chronology of events during fusion is
further suggested by the. patterns of synergies
observed. Agents, such as PAl12, that potently inhibit
the middle step of the process, namely gp 120 binding,
act synergistically with inhibitors of prior and

subsequent steps.

Example 2

Background: The increasing incidence of multidrug-
resistant HIV-1 mandates the search for novel classes
of antiretroviral agents. CCR5 is a reguisite fusion
coreceptor for primary HIV-1 isolates and provides a

promising target for antiviral therapy. PRO140C is an
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correl ati on bet we@ppt heo FoA9ss pnatnaditd batives'es examined a single 1 mg
dose of PRO140. In multi-dose studies, PRO 140 was
administered once every three days for three weeks at
doses ranging from 0.1-1.0 mg . In a separate
experiment, flow cytometry was used to examine the
potential for lymphocyte depletion following PRO 140

injection.

Results: Both single-dose and multi-dose PRO 140
reduced viral 1loads to undetectable levels in all
treated animals, and the viral load reductions ranged
to 1.8 log 10. A transitory control of viral
replication was observed following single injection of
PRO 140 while multiple injections led to a prolonged
control with no evidence of viral rebound during
therapy. Dose-dependent differences were observed in
the kinetics of the PRO 140-mediated reductions in
viral load. Flow cytometry analysis showed that
treatment with PRO 140 did not lead to lymphocyte
depletlon, confirming that impact on viral replication

in vivo was solely due to 'CCR5-blockage.



abilities to bl ock gpl20 binding and H V-1 fusion/entry. The chronol ogy of
events during fusion is further suggested by the patterns of synergies
observed.wAgentxe6 such as PA12, that potently inhibit thecwusds/essst ep of
the process, nanely gp 120 binding, act synergistically with inhibitors of
prior and subsequent steps. Exanple 2 Background: The increasing incidence
of nmultidrug- resistant H V-1 nmandates t he®Search for novel classes of
antiretroviral agents. CCR5 is a requisite fusion coreceptor for primary
H V-1 isolates and provides a promsing target for antiviral therapy.
PRO140 is an WD @M&MPUSOBM%%H@J@& &ifecttrs Hbnoet oAl i body
that potently inhifits; HEY- leahryianddienl i catian al, GeAceptpatians that
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H V-1 JR- CSF. Weerd iqralCC&beadyibitatis whsrppichedierid lani mal  were .
treated intraperitoneally with PRO 140 or control antibody and nonitored
for viral burden using the Roche Anplicor assay. Initial studies exam ned
a single 1 ngy dozemdlePROL40. In nulti-dose studies, PRO 140 was

adm ni stered once every three days for three weeks at doses ranging from
0.1-1.0 ng. In a separate experinent, flow cytonetry was used to exan ne
the potential fokednggocyte depletion follow ng PRO 140 injection

Results: Both single-dose and nulti-dose PRQ 140 regyced-viral qups to
undet ect abl e | evet shpRagiged CCRS antibody (huPRO 14 was tested for

the ability to block RANTES-induced calcium
mobilization in L1.2-CCR5 cells and the ability to
block replication of HIV-1 CASE C 1/85 in human PBMC's

using methods described herein.

Results:
The results as shown in Figure 19 shows that the
humanized CCRS antibody potently blocks HIV-1 but not
RANTES.

REFERENCES

1. Allaway, G.P., K.L. Davis-Bruno, B.A. Beaudry,
E.B. Garcia, E.L. Wong, A.M. Ryder, K.W. Hasel,
M.C. Gauduin, R.A. Koup, J.S. McDougal and P.J.
Maddon. 1995. Expression and characterization of
CD4-I1gG2, a novel heterotetramer that neutralizes
primary HIV type 1 disolates. AIDS Res Hum
Retroviruses 11: 533-5389.

2. Allaway, G.P., A.M. Ryder, G.A. Beaudry and P.J.
Maddon. 1993. Synergistic inhibition of HIV-1
envelope-mediated cell fusion by CD4 -based

molecules in combination with antibodies to gpl20

or gp4l. AIDS Res Hum Retroviruses 9: 581-587.

3. Amara, A., S.L. Gall, O. Schwartz, dJ. Salamero, M.



treated animals, and the viral |oad reductions ranged to 1.8 log 10. A
transitory control of viral replication was observed follow ng single

i nj ecti orwofo3/nPR& 140 while nmultiple injections |led to a pcolusngedoo cont r ol
wi th no evidence of viral rebound during therapy. Dose-dependent

di fferences were observed in the kineti cgegf_ t he PRO 140- nedi at ed
reductions in viral |oad. Flow cytonetry anal ysis showed that- treatnent
with PRO 140 did not Ivadeso | yrphodydegscibepl, et iton, d@Emgliloding, t hal. L npact

on viral replication fMi;ugepas, 3ol ely %zta%acgg§s§é&9¥ag§99w 03{p72766
PCT/ US03/ 05500 -66 Conclusions: PRO 140_is, highly effecti ve in conjir ol I'ing

establ i shed H V-1 i nf €e55FPERT t ROVREEPBL2SEY™D ABUSBE1KbLR BYIRFIR
infection. These findisus jpr-depeedemt vnt/@rz]nathoa‘atobncmfcemﬂoherﬁlﬂdrmo

therapy in particular , Hf@r SR | @N&ft%st hes apyini i 968er ale. fE@npl e
3 Methods: A hunmani zed 5 anti bod’%/ﬁéh 140) was tested for the

ability to bl ock RANTESRHFGEEA ca ci M558 | F?Qtl%ﬁ@ 191. 2-CCR5 cel I s

and the ability tg blgclgdeplgcatiangef "ﬂﬁ/vle%§F Cadd 85110@1%”&%15’@!\/0 s
usi ng nethods described hHerein. Results: The results

s o] ure 19
shows that the hunani S¥IPWERE JREFBHTY HETPEARTHY oﬂ? I-ﬁ]/ ?nmr& n%?
RANTES. REFERENCES 1. Sﬁlglagway GP., K L DaV| s-Bruno, B. A Beaudry, E. B

Garcia, E.L. Wng A der 1\%( % dwp9 R ALK S.
’ epR4PLnd
McDougal and P.J.>" 135Ge5 preSS| (?n and tharact €11 zat on o
CD4-1g&, a novel het eretentcawer BhEt nBumraRm| | Zowunodeficiency  virus
infection. Frontiers in Bioscience 3: d44-58.
6. Bieniasz, P.D., R.A. Fridell, I. Aramori, S$.5.G.
Ferguson, M.C. Caron and B.R. Cullen. 1997. HIV-1-
induced cell fusion 1is mediated by multiple
regions within both the viral envelope and the
CCR5 co-receptor. EMBO 16: 2599-26095.

7. Brelot, A., N. Heveker, O. Pleskoff, N. Sol and M.
Alizon. 1997. Role of the first and third
extracellular domaing - of CXCR4 in human
immunodeficiency virus coreceptor activity. J.
Virol. 71: 4744-4751.

8. Chan, D.C. and P.S. Kim. 1998. HIV entry and its
inhibition. Cell 93: 681-684.

5. Chou, T.C. and D.C. Rideout. Synergism and
antagonism in chemotherapy. New York: Academic
Press, 1991

10. Cocchi, F., A.L. DeVico, A. Garzino-Derno, S.K.
Arya, R.C. Gallo and P. Lusso. 1995.

Identification of RANTES, MIP-1a and MIP-1PB as the
major HIV-suppressive factors produced by CD8 T-
cells. Science 270: 1811-1815.

11. Connor, R.I., K.E. Sheridan, D. Ceradini, S. Choe
and N.R. Landau. 1997. Change in co-receptor use
correlates with disease progression in HIV-1
infected individuals. J. Exp. Med. 185: 621-628.



primary H'V type 1 isolates. AIDS Res Hum Retroviruses 11: 533-539. 2.

A laway, GP., AM Ryder, G A Beaudry and P.J. Maddon. 1993. Synergistic
i nhi bi ti omoeB/oH786 1 envel ope-nedi ated cel |l fusion by CD4rbaamsds/oiswi ecul es
in conbination with antibodies to gpl20 or gp4l. AIDS Res Hum Retroviruses
9: 581-587. 3. Amara, A, S L. Gall, O Schwartz, J. Salanero, M WO

03/ 072766 PCT/ US03/05500 -67 Montes, P. Loetscher, M Baggiolini, J.L.
Virelizier and F.1Ar erzane-, Sei 8dedps. J18997. &g, copecepiwst schhnmr, eguk at i on
as ant i viral principl &, ; SOEphandependgalal nkeraaliZald an:ahebbe, chiopoki ne
recept or CXCR4 contributes to tnhibition of H V replication. J.

186: 139-146. 4. Bergefiregigierog7M- H eI inind &r&pi sﬁ“VkFﬁe a‘?:‘t"men{m ne
receptor connection. AIRSkIlefwsseppli997. S31Tbon SstBueniuasz,ard Doasne B. R
Cul | en. 1998. Chemoking,, r%ﬁﬁ@&%ﬁa?”% @mgy' W”Q@?&h&i £AEN, vaéy§ved
infection. Frontiers in Biosclence 5 . |en|asz P. D,

Fridell, I. Aranori, S3StQr- 1FeFB&§§ﬁ°C&FE?O%aP6nC§HH4BaR IR h. fﬁ@@?

H V-1- induced cell fusimanncss amedli ahribbyisnl bt pHev-negizme® wid:hi aohpeth t he
viral envelope and the CCR5 co-receptor. EMBO 16: 2599-2609. 7. Brelot,

A., N Heveker, 0. Ple§&bff, N. Sol and M Alizon. 1997. Role of the first
and third extraceBanmﬁlgMHnmhns Bf GCXCRA. d .. .huBarexrlymurbodef | €lepbgmyi r us

coreceptor activity. Jy yM wafééh 4 44- Hhelve8. aghaﬁ aD Geigpd E9§4 Ki m
1998. HIV entry and its inhibition. Cell 93 681-6 9. Chou, T.C gn

D.C. Ri deout. Synerglsﬁﬁ%uﬁp4 (T4) antigen is an essentlal compobnent o
the receptor for the AIDS retrovirus. Nature 312:

763-766.
14. Deng, H.K., R. Liu, W. Ellmeier, S. Choe, D.
Unutmaz, M. Burkhart, P. DiMarizio, S. Marmon,

R.E. Sutton, C.M. Hill, §.C. Peiper, T.J. Schall,
D.R. Littman and N.R. Landau. 1996. Identification
of a major co-receptor for primary isolates of

HIV-1. Nature 381l: 661-666.

15. Dimitrov, D.S. 1997. How do viruses enter cells?
The HIV Co-receptors teach wus a lesson of

complexity. Cell 891: 721-730.

16. Donzella, G.A., D. Schols, S.W. Lin, K.A.
Nagashima, P.J. Maddon, G.P. Allaway, T.P. Sakmar,
E.D. Clercq and J.P. Moore. 1998. JM3100, a small
molecule that interacts with the CXCR4 co-receptor
to prevent HIV-1 entry. Nat. Med. 4: 72-77.

17. Doranz, B.J., K. Grovit-Ferbas, M.P. Sharron, S.H.
Mao, M.B. Goetz, E.S. Daar, R.W. Doms and W.A.
O'Brien. 1997. A small molecule inhibitor directed
against the chemokine receptor CXCR4 prevents its

use as an HIV-1 co-receptor. J. Ex. Med. 186:

1395-1400.

18. Doranz, B.J., Z.-H. Lu, J. Rucker, T.-Y. Zhang, M.
Sharron, Y.-H. Cen, 2Z.-X. Wang, H.-H. Guo, J.-G.
Du, M.A. Accavitti, R.W. Doms and S.C. Peiper.



ant agoni smin chenot herapy. New York: Academic Press, 1991 10. Cocchi, F
A.L. DeVico, A. Garzino-Derno, S.K Arya, RC @&llo and P. Lusso. 1995.
| dent i f i osOioem72066 RANTES, M P-la and M P-1(3 as the maj oPCHUSBMr essi ve
factors produced by CD8 T- cells. Science 270: 1811-1815. 11. Connor, R I.,
K. E. Sheridan, D. Ceradini, S. Choe and NR Landau. 1997. Change in
co-receptor use correlates with disease progression in HV-1 infected
ilgdi \(/:Ir dual s. J. Exp. Mz=h7.18Bso 621s628:t WOCR3/ @PRZA66s PCEAUSESTIGES00co~ 68

. ump, MP., J.H Qg2 C , Raj AN na .
Arenzana- Sei sdedos, J. L. \%Or'?el {ljgfgéef h:ﬁ/lf ggmainol fﬁlﬁl% B. D. Cé;'%l?gg awlglg‘mllf
Cark-Lewis. 1997. SolwfR%r strultirk: atfd t?ggiss'@]aér, functional activity of

E_t Lg_ﬁal - Celdl _ dﬁr ibytg'!_d 6@%%{,- Jr;l. ,di\ﬁwg&atlzgdi@% iggrg rof ACXER4yacki rat ught f50m

i nding and inhibition, o - 1. : -.7007._13. l.gl el A G,
P.C.L. Beverly, P.R 8apl?1uaarﬂ\é’ I_Y)E 8‘?3‘3\?%}%’ I\ﬁF.COa@ﬁ'aélé—’\I/léngﬂd %?i&él\j/"éi ss.
1984. The CD4 (T4) amikerkdw.ad - Bss¥peralardnpdherftaxdon -t A8%fecBpYot for

tE |h|e Al DS rgt r%hvi rUS-D I\axuwye i3 I\cﬂnZﬁSCEﬁﬁs 14 . ndEnNGedHB thB chitlok We
neier, S oe, D. nut naz, u rt, P. 0D LZ] S. Marnon, R E
Sutton, C.M Hll, S P Pér ,CCT%E'%C qyure 5.83.' Nglglfférg%\ and N. R Landau.
hg?/G.l Iagntlflggtlmn ©f acti dTR) DI, CR-reeepi®oHr Kow. pLifpr ¥ .AsoNageshoha,

- 1. ture : 661-66 15. Dimtrgv, D S -.199 w do vi,.use nt er
cells? The HV Co-recept (%aQUtméDachH]Us éa%afoe’ssgric(jf 5%%%%1 e% 'tyI.WrquI ?'}Sl:
721-730. Mackay, G.P. Allaway, T.P. Sakmar, J.P. Moore and

P.J. Maddon. 1998. Amino terminal substitutions in

the CCR5 co-receptor impair gpl20 binding and
human immunodeficiency wvirus type 1 entry. J.

Virol. 72: 279-285.

21. Dragic, T., A. Trkola and J.P. Moore. 15997. HIV
co-receptors: Gateways to the cell. Advances in

Research and Therapy 7: 2-13.

22. Farzan, M., H. Choe, L. Vaca, K. Martin, Y. Sun,
E. Desjardins, N. Ruffing, L. Wu, R. Wyatt, N.
Gerard, C. Gerard and J. Sodroski. 1998. A
tyrosine-rich region in the N-terminus of CCR5 is
important for human immunodeficiency virus type 1
entry and mediates an association between gpl20
and CCRS. J. Virol. 72: 1160-1164.

23. Fuerst, T.R., E.G. Niles, F.W. Studier and B.
Moss. 1986. Eukaryotic transient-expression system
based on recombinant vaccinia virus that
synthesizes bacteriophage T7 RNA polymerase. Proc.
Natl. Acad. Sci. USA. 83: 8122-8126.

24. Genoud, S., F. Kajumo, Y. Guo, D.A.D. Thompson and
T. Dragic. CCR5-mediated human immunodeficiency
virus entry depends on an amino-terminal domain
gpl20-binding site and -on the conformational
integrity of all four extracellular domains. J.
Virol. submitted. '



16. Donzella, G A., D Schols, SSW Lin, K A Nagashim, P.J. Maddon, G P.
Al away, T.P. Sakmar, E. D. Cercq and J.P. More. 1998. JM3100, a snall
nol ecul e wbas/7ateer acts with the CXCR4 co-receptor to precemsoidsges entry.
Nat. Med. 4: 72-77. 17. Doranz, B.J., K Govit-Ferbas, MP. Sharron, S. H.
Mao, M B. Goetz, E.S. Daar, R W Dons and WA O Brien. 1997. A snall

nol ecul e inhibitor directed against the chenokine receptor CXCR4 prevents
its wuse as an H ¥51 ceettegept Or. and BEB. KMedkoli86ka. 13958 14@). piBteDor anz,

B.J., Z.-H Lu, J. Ruck&lyiek +¥ 9899 M giShar pean, Yo H Véang,
HoH Gro oG Do MR AR e R Y e SR B Ple% S5

03/ 072766 PCT/ US036 05580rdor69 1997 .M Twiudpseg ncth -ECRS donaudfoatan ﬁ”ekh ate

co- receptor usage by M@n IJMUNeEekkCRERCY . VTfk@latYJF!ﬁaal E};lha}{l:éﬂént71
6305- 6314. 19. Dragic,

Huanh, K. A. Nagashi ma,°C h@ﬁ%néﬁ“?’bﬁ‘%w&dﬁﬁ ]Fiydﬁ tfé%ep J ?e%b?’é and
WA. Paxton. 1996. H \by tkat £F-Fhewolobr RAVTES | 55 neddepentdnt tdle the

chenokine receptor CGndKBrmi.suNalgdr €38%s-661r 671512, Dpagi ¢irdi. Ain
Trkola, X W Lin, K A Naashlma F. Kajuno, L. Zhao, WC dson, L. Wi,

C. R Mackay, GP. AlIBWSS T.P. Sakmar, J.P. More and P.J. Maddon. 1998.
Anino ternminal suBSti tigiﬂ‘rédmr i At Me @@Rseéo-iﬂec‘é@t@rqtthpaﬁr- ép228. bhndi ng
and hunman i munodefi ctenesmatd,usmt ype ikogntdya J. Mhdidet2mez§8nd85. 21.

Dragic, T., A Trkola Mbar 1997 HIV sco-Kecepto e s to
the cell. Advances in %seals%sh P And heraogy e algg arza;i‘rr\l%k V\QI)Q

Choe, L. Vaca, K. MartpyoprextiSgn, of SDF-1-derived small peptldes

Current Bioclogy 8: 368-376.

28. Hill, ¢.M., D. Xwon, M. Jones, C.B. Davis, S.
Marmon, B.L. Daugherty, J.A. DeMartino, M.S.
Springer, D. Unutmaz and D.R. Littman. 1998. The
amino terminus of human CCR5 is required for its
function as a receptor for diverse human and
simian immunodeficiency virus envelope

glycoproteins. Virology 248: 357-371.

29. Johnson, V.A., D.P.  Merrill, J.A. Videler, T.C.
Chou, R.E. Byington, J.J. Eron, R.T. D'Aquila and

M.S. Hirsch. 1991. Two-drug combinations of
zidovudine, didanosine, and recombinant
interferon-alpha A inhibit replication of

zidovudine-resistant human immunodeficiency virus

type 1 synergistically in vitro. J Infect Dis 164:

646-655.

30. XKlatzmann, D., E. Champagne, S. Chamaret, J.M.
Gruest, D. Guetard, T. Hercend, J.C. Gluckman and
L. Montagnier. 1984. T-lymphocyte T4 molecule
behaves as the receptor for human retrovirus LAV.
Nature 312: 382-385.

31. Kuhmann, KXK.E., E.J. Platt, S.L. Kozak and D.
Kabat. 1997. Polymorphism in the CCR5 genes of

African green monkeys and mice implicate specific



E. Desjardins, N. Ruffing, L. Wi, R Watt, N. Gerard, C GCerard and J.
Sodroski. 1998. A tyrosine-rich region in the Ntermnus of CCR5 is

i mpor t antwbaes/otmre@n i mrunodefi ci ency virus type 1 entry aoa/useslosabes an
associ ati on between gpl20 and CCR5. J. Virol. 72: 1160-1164. 23. Fuerst,
TR, EG Nles, F.W Studier and B. Ms$;-1986. Eukaryotic

tranS| ent - expressi on system based on reconbi nant vaccinia virus that
synt hesi zes bact eri opHEH@CT72RNES polty nephset impc by Natmiamcagd SeypmansA,

83: 8122-8126. 24. GCengawthnoBefiFielfdy Wilus¥s. G0, vBrdu D.7iThamasosessd T.
Dragi c. CCRS-nedi ated hunan i nmunodeficiency virus entry depends on an

ani no-terni nal dofrai n X539820 bPndi Ry €YRet ant: SPtimecBonfolmafretal 7
integrity of all four séddcatel lanldam .domaehsiridksoVi rmb98 subtitti¢atte ¥

03/ 072766 PCT/ US03/ 05500 ;~/ 9
protein- coupl ed receg%ors %p%@@ gﬁb%ﬁégﬁ W‘}g g c%ﬁ;}%é? \§it

C., M Miesing, A E I.th% oudPbot re€eptoPondrd J.3p. N/B‘é’%)éa]a%?dmﬂ era
1998. Enhancenent of dnmmdynmuaoded ixdxnepsvicegs type 1 infection by the
CC- chenoki ne RANTES i s |ndependent of the nechanismof virus-cell fusion.
J. Virol. in preds: ZR2lhevBkerS: NBUTR NBK esCOITY Gef nefBt¥ovska Anfra, A
Trautmann, M Alizon amd:hbwﬁehnemders M gdreraznd99819Bu sseghatgost 0f t he

signaling and antivir of S er l;
Current Biology 8: 36§e3utmaQH%5EE8ﬁ Ef Q'fuxﬂaﬁj imc%%%llgﬁggp}l; d@?rus Kuis.

S. Marnon, B.L. Daughef®y, 3. AYDeIQSF‘PFﬂ%tl‘Rﬁ% o%pr PHYRF, Bon%h?%]z and
D. R Littman 1998. Thentibodies. J. Virol. 68: 4001-4008.

34. Labrosse, B., A. Brelot, N. Heveker, N. Scl, D.
.Schols, E.D. Clercq and M. Alizon. 1998.
Determinants for sensitivity of human
immunodeficiency wvirus co-receptor CXCR4 to the
bicyclam AMD3100. J. Virol. 72: 6381-6388.

35. Li, A., H. Katinger, M.R. Posner, L. Cavacini, S.
zolla-Pazner, M.K. Gorny, J. Sodroski, T.C. Chou,
T.W. Baba and R.M. Ruprecht. '1998. Synergistic
neutralization of simian-human immunodeficiency
virus SHIV-vpu+ by triple and quadruple
combinations of human monoclonal antibodies and
high-titer anti-human immunodeficiency virus type
1 immunoglobulins. J. Virol. 72: 3235-3240.

36. Littman, D.R. 1998. Chemokine receptors: keys to
AIDS pathogenesis. Cell 93: 677-680.

37. Litwin, V. unpublished results.

38. Litwin, V., K. Nagashima, A.M. Ryder, C.H. Chang,
J.M. Carver, W.C. Olson, M. BAlizon, K.W. Hasel,
P.J. Maddon and G.P. Allaway. 1996. Human
immunodeficiency virus type 1 membrane fusion
mediated by a laboratory-adapted strain and a
primary isolate analyzed by resonance energy
transfer. J. Virol. 70: 6437-6441.

39. Loetscher, P., J.H. Gong, B. Dewald, M. Baggioloni



am no termnus of human CCR5 is required for its function as a receptor
for diverse human and sim an i munodeficiency virus envel ope

gl ycopr otwpns/07X566¢ ol ogy 248: 357-371. 29. Johnson, V.A , PcPUSMzessod |, J. A
Videler, T.C. Chou, RE Byington, J.J. Eron, RT. DAquila and MS.
Hirsch. 1991. Two-drug conbi nations of zi_p%o_vudi ne, di danosine, and

reconbi nant interferon-alpha Ainhibit replication of

zi dovudi ne-resi stant huaan.i mnaradekivesencyoui r ustekypeal pypetdest iocal |y

in vitro. J Infect Dét}%n 41 9@53165@%19& %5@&593?%91”0%@%%@ S

Chamaret, J.M Gu )
Nbnt agni er. 1984. T- | yREPRESH e4TégﬁBF§Eulaé‘d FEA9e8185 @IrE 1WeEéBFor Jf or

human retrovirus LAV. gidat urreen312733822385-23083 Kuhnann K E, EJ. Platt,
S.L. Kozak and D. Kabat. 1997. Pol hismin th enes of African

green nonkeys and®ni c¥2ffpl teat eB'spéEF]F WO 93/ OF f’@é P 1 USHRFB5560 - 71
am no acids in infectsonsotyy, sPnkancaadhdrunmer. Bipoooetef | Bi eNayski r dises. J.

Virol. 71: 8642-8656. %? 5{9{593 P.Dz, RpoWatt, Jp. nReDInNsgm; R W pSweet,
J. Sodroski and WA Hen I ckson 1998 Structure of an HV gp120 envel ope

gl ycoprotein in conpl 84@24Pr e cBRr ecptor! -and FFABAEPAYi zi ng HHdnan
anti body. Nature 393: AbdBeGbBerdhnd-RaNTES. , S. BurndapckkK. Gorny,CCB5

Kar wowska, A Buchbi Qggérm%tl%%l ! BuPaZ.LQI%G.blg'ggzlre e.L'h%' Stéc novel

neutralization of human | munodefi cl ency virus i nbi nati_ons of
human nonocl onal  ant FBBYPEEOTY). MEFRyPLSTEg: Oﬁoﬁiv466§ecé Vl?)ébr Bssé*'B., A
Brelot, N Heveker, Nve&0l18D 1215-1224.

41. Maddon, P.J., A.G. Dalgleish, J.S5. McDougal, P.R.
Clapham, R.A. Weiss and R. Axel. 1986. The T4 gene
encodes the AIDS virus receptor and is expressed

in the immune system and the brain. Cell 47: 333-

348.

42. McDougal, J.S., M.S. Kennedy, J.M. Sligh, sS.P.
Cort, A. Mawle and J.K.A. Nicholson. 1986. Binding
of HTLVIII / LAV to T4' T cells by a complex of the
110K viral protein and the T4 molecule. Science
231: 382-385.

43. McKnight, A., D. Wilkinson, G. Simmons, S. Talbot,
L. Picard, M. Ahuja, M. Marsh, J.A. Hoxie and P.R.
Clapham. 1997. Inhibition of human
immunodeficiency wvirus fusion by a monoclonal
antibody to a co-receptor (CXCR4) 1is both cell
type and virus strain dependent. J. Virol. 71:

1692-1696.

44. Merrill, D.P., D.J. Manion, T.C. Chou and M.S.
Hirsch. 1997. Antagonism between human
immunodeficiency virus type 1 protease inhibitors
indinavir and saquinavir in vitro. J Infect Dis
176: 265-268.

45. Moore, J.P., Y. Cao, L. Qing, Q.J. Sattentau, J.
Pyati, R. Koduri, J. Robinson, C.F. Barbas, D.R.



Schols, E.D. Clercq and M Alizon. 1998. Determ nants for sensitivity of
human 1 mmunodefi ci ency virus co-receptor CXCR4 to the bicyclam AVD3100.
J. Virol .wéad3/0838i-6388. 35. Li, A, H Katinger, MR Po®aoensoioss@avaci ni,
S. Zolla-Pazner, MK Gorny, J. Sodroski, T.C. Chou, T.W Baba and R M
Ruprecht. 1998. Synergistic neutralizati 1 90_ of sim an-human

i munodeficiency virus SH V-vpu+ by tripl'eé and quadruple conbinations of
human nonocl onal ant igwadices and hipgh-Hot ersest.i - Auimary niseddeés ciehcy

virus type 1 'nnunoglqg%lHQ&ungde%Qéfgncyy%a %3§y§%49 a§@ réi&éf@%h)rD R.

1998. Chenvoki ne receptors: keys DS "pat hogenésis. Cell 7-680.

37. Litwin, V. unpubl‘iessr’ré&apésul tt§ 3@euLF?3\Rﬁ E4Pn K bNagaE‘ﬂP% Or)f‘M
Ryder, C H. Chang, JrMidcarieer,tdV o1 sand MheAlx znﬂut:rélwza}ﬁagel isPp. J.

Maddon and G P. All awgy. ﬁ@éct@uﬁ%@, 'tlmuegd@fltﬁl RBRYmYEL USghYRE. 1|
menbrane fusion nediate | a oratory adapted strain and " a primary

i sol ate anal yzed by rMané €:emltgl®?transfer. J. Virol. 70: 6437-6441.

39. Loetscher, P,q JM‘c‘aoz@nQJ B. D%V\@d,Ja'}Aes%%ggl}@Lanl WD 03/4:627667 .
PCT/ US03/ 05500 -72 and 1. t.erm nal &eptl des; of

stromal cell derived SI"'aatcttedlrtaj.l \%F? @)E(‘f SﬁZﬁ'Dkl 10l;necep? 8T 4 Hgont 3¢ and
antagoni st activitieskathn: BIRS] . Reem 1273, 22379-(92288ntz9. efhckirad, B.

Luckow, P.J. Nel son, Flusgrha,}g,chgams@mns P.R C apham N. Signoret, M
Marsh, M Stangassm er, F. Borlat, N. C #L D. Schl ndorff gnd
A E.|. Proudfoot?’199%°% &xni n%o}?(y'penf’aﬁe E& i Hluces C:Cl'-\bgL
internalization but ixfidirnazireoyt| PRg: Honowd92. Virions of primary
human immunodeficiency virus type 1 isolates
resistant to soluble CD4 (sCD4) neutralization
differ in sCD4 binding and glycoprotein gpl20
retention from sCD4-sensitive isolates. J. Virol.
66: 235-243.

48. Moore, J.P. and R.W. Sweet. 1993. The HIV gpl20-
CD4 interaction: a target for pharmacological and
immunological intervention. Prospect in Drug

Discovery and Design 1: 235-250.

49. Murakami, T., T. Nakajima, Y. Koyanagi, K.
Tachibana, N. Fujii, H. Tamamura, N. Yoshida, M.
Waki, A. Matsumoto, O. Yoshie, T. Kishimoto, N.
Yamamoto and T. Nagasawa. 1997. A small molecule
CXCR4 inhibitor that blocks T cell line-tropic
HIV-1 infection. J. Ex. Med. 186: 1389-1393.

50. Olson, W.C. unpublished results.

51. Pantaleo, G., G. Poli, L. Butini, C. Fox, A.I.
Dayton and A.S. Fauci. 1991. Dissociation between
syncytia formation and HIV spreading. Suppression
of syncytia does not necessarily reflect
inhibition of HIV infection. Eur. J. Immunol. 21:
1771-1774.

52. Rabut, G.E.E., J.A. Konner, F. Kajumo, J.P. Moore

and T. Dragic. 1998. Alanine substitutions of



i nhi bitory nmechanisnms of HV infectivity. J. Ex. Med. 187: 1215-1224. 41.
Maddon, P.J., A G Dalgleish, J.S. MDougal, P.R Capham R A Wiss and
R Axel . w0®8/072Toe T4 gene encodes the AIDS virus recept 8CTAIS0B3/05500
expressed in the immune systemand the brain. Cell 47: 333- 348. 42.
McDougal, J.S., MS. Kennedy, J.M Sligh, \75 Cort, A. Maw e and J. K A
Ni chol son. 1986. Binding of HTLVIII / LA z{o T4 T ceI | s by a conpl ex of

the 110K viral protepdlandatdienddpgallaeculeidses entethe 3dmimdB2e3%3nad3.

McKni ght, A, D. WIk Si S .TI . i car M Ahyja, M
varsh. 3. A Hoxie and iR 355 haRBS o P e POty bmpglpnl nedl ABY

i munodef i ci ency vi ru§aF{|@P1@ﬂf9%y ool GaPicantebalgst @fatélé HEgept or
(CXCR4) is both cell ;ibypRodrhsidndy Stikakntgependent .vikolVi rmal.. 38k -
1692-1696. 44. Merrill, D.P., D.J. Manion, T.C. Chou and MS. Hirsch.
1997. Ant agoni sm bet we&f8 human i nrunodefi ci ency virus type 1 protease

i nhibitors indi nsazvi r Rapglus@gut NaR I Wyttt NO. Hérhahé@et - Knsos , 176 S2m5- 268

fobi maor® I e }onn\g\ong” %%7 récsiac’tF>c?$’?‘uso3‘?0550%6%0:%]‘EQ e

Robi nson, C. F. Bar bas 03/ 07 Bur ton and
D.D. Ho. 1995. Primary® ?Eb’r%’t‘é%“d‘“rn hunBh i mmfnodef FEPEREYEYi rus HYBE 1 are
relatively resistant itwunedsfiadiiezatyi on byroenocl opa20 antgbodiretedngpl20

and their neutralizat lsgpuzcéurélot mp?&lt%%d byo§t udigemit £:{k MNQIRLgp120.

J. Virol. 69: 101- 109 46. Moore Jarreson R A Wiss and Q J.
binding. Sc1ence 280 1949 1953

54. Rucker, J., M. Samson, B.J. Doranz, F. Libert,
J.F. Berson, Y. Yi, R.J. Smyth, R.G. Collman, C.C.
Broder, G. Vassart, R.W. Doms and M. Parmentier.
1996. Regions in the p-chemokine receptors CCR-5
and CCR-2b that determine HIV-1 cofactor
specificity. Cell 87: 437-446.

55. Schols, D., S. Struyf, J.V. Damme, J.A. Este, G.
Henson and E.D. Clercq. 1997. Inhibition of T-
tropic HIV strains by selective antagonization of
the chemokine receptor CXCR4. J. Ex. Med. 186:

1383-1388.

56. Simmons, G., P.R. Clapham, L. Picard, R.E. Offord,
M.M. Rosenkilde, T.W. Schwartz, R. Buser, T.N.C.
Wells and A.E.I. Proudfoot. 1997. Potent
inhibition of HIV-1 infectivity in macrophages and
lymphocytes by a novel CCR5 antagonist. Science
276: 276-279.

57. Simmons, G., D. Wilkinson, J.D. Reeves, M.T.
Dittmar, S. Beddows, J. Weber, G. Carnegie, U.
Desselberger, P.W. Gray, R.A. Weiss and P.R.
Clapham. 1996. Primary, syncytium-inducing human
immunodeficiency virus type-1 isclates are dual-
tropic and most can use either LESTR or CCR5 as

co-receptor for virus entry. J. Virol. 70: 8355-

8360.



Sattentau. The H V-cell fusion reaction. Boca Raton: CRC Press Inc., 1993
(J. Bentz, ed. Viral Fusion nechanisns) 47. Moore, J.P., J. A MKeating,
Y. Huang,w@.3/07gbkenazi and D.D. Ho. 1992. Virions of pri mamusosessen

i mmunodeficiency virus type 1 isolates resistant to soluble CD4 (sCD4)
neutralization differ in sCD4 binding ang] gl ycoprotein gpl20 retention
fromsCD4-sensitive isolates. J. Virol. 6. 235-243. 48. Moore, J.P. and
R W Sweet. 199358 Thesddli¢kgp120m.CDAT nbevm{TMexa tRr@et CébIman, J.

phar macol ogi cal and ]%L Ol“jg,()}cal %é%r en QQnoPr gggectél %O%ggonal

Di scovery and Design
Koyanagi, K. Tachi ba%TsPl}iNdYFUJ 132G5)H dTéPrﬁﬁﬁ?a agﬁln‘%s hﬁ”&‘ﬂd{4 I\/lmh‘b'@kFs
Matsum)to, O Yoshi e, inEedfishi nmot Ownm Yatmerot 0 dndl TcrHNagasawahudad07. A

smal | nol ecul e CXCR4, i nhi I, S el
infection. J. Ex. Med 186 et1f§§§g§§§3t& 85 '{,g% 1&.91%&& S%t?shegyr %sul ts.
51. Pantaleo, G, G P#linoy. thutTrizordc peelane] BIVphyHSA- ald X151 Fauci .

1991. Dissociation betmweest7esyreytia formation and H 'V spreading.

Suppression of syncytia does not necessarily reflect | nh| bition of H VvV
infection. Eur. 32-|nfiha. 2 .7 Prepifa. %Z.Arﬁgﬁﬁt, 'leya “Konner,
F. Kajuno, J.P. I\/boremmd, TG. 1;Dra1g11cawa}y998: Alkmngneﬂasmbstﬂt utRp@angh WO

03/ 072766 PCT/ US03/ 05500 %%é ﬁda@d phoyrRekar re% dugs idepehent ,
am no-term nal donmai n of %

dual -tropic isol ates %ﬂ‘t’t]?féithﬁ'ﬁ}F’1fﬁelriﬁ??3trf15’)(’/}§lfrlgg?:§%]8§n%f¥ﬁ§e?yggsrlopg%g\ef ir glnd
72: 3464- its co-receptor CCR-5. Nature 384: 184-187.
60. Trkola, A., W.A. Paxton, S.P. Monard, J.A. HoXxie,
M.A. Siani, D.A. Thompson, L. Wu, C.R. Mackay, R.
Horuk and J.P. Moore. 1997. Genetic subtype-
independent inhibition of human immunodeficiency.
virus type-1 replication by ccC- and CXC
chemokines. J. Virol. 72: 396-404.

61. Vijh-Warrier, S., A. Pinter, W.J. Honnen and S.A.
Tilley. 1996. Synergistic neutralization of human
immunodeficiency virus type 1 by a chimpanzee
monoclonal antibody against the V2 domain of gp120
in combination with monoclonal antibodies against
the V3 loop and the CD4-binding site. J. Virol.
70: 4466-4473.

62. Ward, S.G., K. bacon and J. Westwick. 1998.
Chemokines and lymphocytes: more than an

attraction. Immunity 9: 1-11.

63. Wu, L., N.P. Gerard, R. Wyatt, H. Choe, C.
Parolin, N. Ruffing, A. Borsetti, A.A. Cardoso, E.
Desjardin, W. Newman, C. Gerard and J. Sodroski.
1996. CD4-induced interaction of primary HIV-1
gpl20 glycoproteins with the chemokine receptor
CCR-5. Nature 384: 179-183.

64. Wu, L., G. LaRosa, N. Kassam, C.J. Gordon, H.
Heath, N. Ruffing, H. Chen, J. Humblias, M.



3468. 53. R zzuto, C., R Watt, N Hernandez-Ranbs, Y. Sun, P. Kwong, W
Hendri ckson and J. Sodroski. 1998. Identification of a conserved human

i mmunodefwoiosnmzéeasi r us gpl20 gl ycoprotein structure i npoPCaRMUSOI/@RS00
chenoki ne receptor binding. Science 280: 1949-1953. 54. Rucker, J., M

Sanson, B.J. Doranz, F. Libert, J.F. Ber§pé1_, Y. Yi, RJ. Smwyth, RG

Col tman, C. C. Broder, G Vassart, R W Dons and M Parnenti er. 1996.
Regi ons in the (3-chespksoe, recepdorentGER- 57 . AndMGORe 24nd hatR .détearkayne

HI V-1 cof actor SpeCiEbgbtyln€€££c§ﬁm14§€ é%g%oﬁgie SQQQk&orDCCRg watthuyf ,
J.V. Damme, J. A Este, G %r}zion and_E. D ibition_aof T-
158) ebt9

tropic HV strains by Snt AYSHLDAE | o‘ﬁon@fqnst hzoﬁhe% ihe FEé8pt or
CXCR4. J. Ex. Med. 186indi383a11388.sbE6leSidmmens, fGr, CPEIRDk@%MaTﬂlnB
Picard, RE Oford, ;M i, Rosenkiilgde, 1‘§7W1§@pwartz R Buser, . T.N C
Wells and A E.I. Proudfoot 1997. Potent inhibition of H V-1 i nfectl vity
i n macrophages aré®. | yiwphocyRes PyD a Korel, ECRBeantagors stk Stiedtce J-276:

276-279. 57. Si”WDnS Rg%lngbnvvbk|rﬁ%HBrrkaonRQﬁﬂﬁsa'IwéBdroEkEtrﬁM3983
Beddows, J. Weber, Carnegle . Desse| ber &l P. W G a R A V‘él | SS and

PR d apham 1996. i—I’PFmar you Js%fﬁ&?tl unt FhAuer Sy hu®dn i FEinodéf"&lency
virus type-1 isol at esiamenddgafictemshi ¢ andvimyst can 9B&%i t hererlhESPREor

CCR5 as co-receptor %Qgcgbfg@eﬁm Matute Yb§Ol70507118355- 8360. WO
03/ 072766 PCT/ US03/ 05500 -75 58. Strizki, J.M, J. Davis-Turner, RG
Col | man, J. 66. Wyatt, R. and J. Sodroski. 1998. The HIV-1

envelope glycoproteins: fusogens, antigens and

immunogens. Science 280: 1884-1888.

67. Ylisastigui, L., J.J. Vizzavona, E. Drakopoulou,
P. Paindavoine, C.F. Calvo, M. Parmentier, J.C.
Gluckman, C. Vita and A. Benjouad. 1998. Synthetic
full 1length and truncated RANTES inhibit HIV-1
infection of primary macrophages. AIDS 12: 977-

984 .

68. Zzhang, J.L., H. Choe, B.J. Dezube, M. Farzan, P.L.
Sharma, X.C. Zhou, L.B. Chen, M. Ono, S. Gillies,
Y. Wu, J.G. Sodroski and C.S. Crumpacker. 1998.
The bis-azo compound FP-21399 inhibits HIV-1
replication by preventing viral entry. Virology
244: 530-541.

69. Cairns, J.S8., D’Souza. M.P., 1998. Chemockines and
HIV-1 second receptors: the therapeutic
connection. Nature Medicine. 1998. Vol 4, No. 5:

563.

70. Kilby, J.Michael, et al. 1998. Potent suppression
of HIV-1 replication in humans by T-20, a
peptide inhibitor of gp4l-medicated virus entry.
Nature Medicine. Vol. 3, No. 11: 1302.



Hoxi e and F. Gonzal ez- Scarano. 1997. A nonoclonal antibody (12G5) directed
agai nst CXCR4 inhibits infection with the dual-tropic human

i mmunodefwoiosnzyéasi rus type 1 isolate H V-1 89.6 but not PCInAISE3/40350pi C
isolate HIV-1 HxB. J. Virol. 71. 5678-5683. 59. Trkola, A, T. Dragic, J.
Arthos, J. Binley, WC. dson, GP. Alaway, C Cheng-Myer, J. Robinson,
P.J. Maddon and J.P. More. 1996. CD4-dependent, antibody sensitive
interactions bet W@en dﬂhi\/ce:ld aptatéd SP@oemecn@t or, €CR; 567 Nat Hsee38MardB4- 187.
60. Trkola, A A. HOXIe MA. Siani, D. A
Thonpson, L. V\ﬂ CR %};9 §I3 Cagg 1J P. Moore. 1997. Cenetic

subt ype- |ndependent |nh|b|t|on of hunan |nnunodef|C|ency virus type-1
replication by Cg2.anth{a sharekimaesntINoVi 0225,/229,396G4@4. J6ly 6,
Vijh-Warrier, S., A f% pery Wolo oppgneand S. A Tilley. 1996.

Synergi stic neutrallza 1on of hunma i mmunodeficiency virus type 1 by a
chi npanzee nonocl onal anti body agai nst the V2 domain of gpl20 in

conbi nati on wi t hygonochothed astbbedi eraagainstNot he5V38b00p° and iskeed
CD4- binding site. 7 rd, S.G, K bacon and J.
Westwi ck. . 1998. Chermilgrlrll%esr a%g?d &ér@}ghgéy e%égr%y\%lt han an attraction.
 munity 9: 1-11. 63. Wi, L., NP. Gerard, R Watt, H Choe, C. Parolin,
N. Ruffing, A BOE;setUhltédA stardeso PaEentDeSIj]car di B, 698, Newnan,is€ueGer ar d
and J. Sodroski. 199 - u i pLe fi primary H V-1 gpl20

gl ycoproteins with thge%%i%eq?ggeg%oégg%cg%%lhmure 384: 179-183. 64.
Wi, L., G LaRosa, N. Kassam C.J. Gordon, H Heath, N Ruffing, H Chen,
J. Hunblias, M 5. pCT International Application No. PCT/US89/05857,

filed December 28, 1989, published July 26, 1990,
WO 90/07861.



WO 03/ 072766 PCT/US03/ 05500 -76 Sanson, M Parnentier, J.P. More and C R
Mackay. 1997. Interaction of chenokine receptor CCRS with its |igands:

mul ti pl e womwakresed or H V-1 gpl20 binding and a singl e domairrushaessehenoki ne
binding. J. Exp. Med. 186: 1373-1381. 65. Watt, R, P.D. Kwong, E.
Desjardins, R Sweet, J. Robinson, W Hendrickson and J. Sodroski. 1998.
The antigenic structure of the human i munodeficiency virus gpl20 envel ope
gl ycoprotein. Nature 393: 705-711. 66. WatMs R and J. Sodroski. 1998. The
H V-1 envel ope glycoproteins: fusogens, antigens and inmmnogens. Science
280: 1884-1888. B2t VA§ sdedmgdi, L., J.J. Vizzavona, E. Drakopoul ou, P.
Eal ndavgl ni, C.F. Calvo, M Parnentier, J.C Quckman, C. Vita and A

enj ouad. 1998. Synthetic full length and truncated RANTES i nhi bi -
infection of prinarfy fcrdphadges® Agf)%”i Y 97’5}’-1C 84?Owlsfr?an3,ls\]|.{“.’°!_" \I—/I '
Choe, B.J. Dezube, M lEghzamhaRnls., &Shanna,igktC. cFhbu, domBri€hea, e Ono,

S. Gllies, Y. Wi, J Sedy gski »a . S. o€ unpackessmid®984desT. e az0
compound FP- 21399  epor ARk p2B8uLe 5 of UACKEAemIDIB aes IGRati S

1 replication by preventing, viral try.
Virol ogy 244: 530-54PVKgBUPRQG4HYEK 5 (8TCCH @6’&%%@ M .s,lgi?gljé?’“(:h%rr%ki %es
and H'V-1 second recepbois: andel itiHerapeberey cowiteot igieh RaeUy eCvetR ci ne.
1998. Vol 4, No. 5! 2363pr{9indi by, dxMedarin ghoahet 1998. cRehent a

suppression of H V-1 | t in h bv T- . i
of gp4l-nedicated vir Qéggﬂﬁ;de%%%i%q&% ﬁ*eu.g‘?égi‘*?ag}@{ﬁﬁi gi: I(%g%‘g' tor

Deposit Designation PTA-4098) or a plasmid
designated pVgl:HuPRO140 (mut B+D+I)-VH (ATCC
Deposit Designation PTA-4099), or a fragment of

such antibody, which binds to CCR5 on the .surface

of a human cell.

2. The anti-CCR5 antibody of claim 1, wherein the
heavy chains are expressed by the plasmid
designated pVgl:HuPRO140 HG2-VH (ATCC Deposit
Designation PTA- 4098).

3. The anti-CCR5 antibody of c¢laim 1, wherein the
heavy chains are expressed by the plasmid
designated pVgl:HuPRO140 (mut B+D+I)-VH (ATCC
Deposit Designation PTA-4099).

4. An anti-CCR5 antibodyvcomprising two light chains,
each chain comprising consecutive amino acids, the
amino acid sequence of which is set forth in SEQ
ID NO:6, and two heavy chains, each heavy chain
comprising consecutive amino acids, the amino acid

sequence of which is set forth in SEQ ID NO:9.

5. An anti-CCR5 antibody comprising two light chains,
each light <chain comprising consecutive amino
acids, the amino acid sequence of which is set
forth in SEQ ID NO:6, and two heavy chains, each
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CLAIMS Wat is claimede lanAb altia CRpearki BedY,nRhch <CRr is3e$ h( '1)n two
| i ght chains, each lIight chain conpri si ng the expression product of

pl asm d desi gnhat ed p\ﬁ@.%&lﬂ?@iﬂé VK (ATCC Deposit Designation PTA- 4097)
and (ii) two heavy chai ns, each heavy chain conprising the expre55|on

product of either ag PA@S%QlQ@éd gﬂééﬁgl@v% !T'UPBQ%éQn G- \%& e i deeposi t
Desi gnati on PTA- 4098) or a plasmd designat ed mut B+D+Hl ) - VH

(ATCC Deposit Desi gnat98i¥ FERI4668FSCRy T far’r&cj’ﬁe F 8? Elﬁ‘?:l‘f" 9 Gody?
whi ch binds to CCR5 omsddieencsurffagbicbfia drundorcel in 2EQ THz Nntéi .- CCRS

anti body of claim1l, wherein the heavy chains are expressed by the plasmd
desi gnated pVgl: HUPROL40 HG2- VH (ATCC Deposit Desi gnat| on PTA- 4098). 3.
The anti-CCR5 anti body ¥t cP‘é?]rﬁllc V\fﬁ%’r%l n°t heS1Adlvy cchai'hE 418 expiressed

by the plasmd consecutive amino acids are the amino acids
expressed by a plasmid designated pVK:HuPR0O140-VK
(ATCC Deposit Designation PTA-4097).

8. The nucleic acid of claim 6, wherein the nucleic
acid comprises the sequence set forth in SEQ 1ID
NO:5.

9. The nucleic acid of any one of claims 6, 7 or 8,
wherein the nucleic acid is RNA, DNA or cDNA.

10.An isolated nucleic acid encoding a polypeptide
comprising consecutive amino acids, the amino acid
sequence of which is set forth in SEQ ID NO:9.

11.The nucleic acid of claim 10, wherein the
consecutive amino acids are the amino acids
expressed by a plasmid designated pVgl:HuPRO140
HG2-VH (ATCC Deposit Designation PTA-4098).

12.The nucleic acid of claim 10, wherein the nucleic
acid comprises the sequence set forth in SEQ ID
NO: 8.

13.The nucleic acid of any one of claims 10, 11 or 12
wherein the nucleic acid is RNA, DNA or cDNA.



desi gnat ed pVgl : HUPROL40 (nut B+D+l)-VI1I (ATCC Deposit Designation
PTA-4099). 4. An anti-CCR5 anti body conprising two |ight chains, each

chai n comppiogiomye€onsecuti ve am no acids, the am no aci dpseqsenesoof which
is set forth in SEQ 1D NO 6, and two heavy chains, each heavy chain
conprising consecutive amino acids, the angi;no acid sequence of which is
set forth in SEQID NGO 9. 5. An anti-CCR5 anti body conprising two |ight
chains, each |ightischai niscdrpedsimglednsesutd venerding acipdd yreheidei no

aci d sequence of which j.s. sei, fc%tsféau@15@%&91&@&dsancthfev\@mhﬁavxcg@al ns,
each WO 03/ 072766 PCT/USH3/ 05500

ami no acids, the am ﬁSqH‘éPﬂes%fqdﬁﬁfél 615 &\%FCE é}l n%r@l #ﬂg ﬁO?%ESJ} :Z)Ve

NO 12. 6. An isolated nucleic acid encoding a pol ypeptide conprising

consecutive amno J¢ 4. tt&%c@@heo acid  sequengemof 1uhi chinkseset fReth in
SEQ ID NO6. 7. The nucleic acid of claim®6,. wherein consecut I Lye am no

aci ds are the am no adP8§eCekpYessEHIR af‘cdde?sma&edeé’&naf‘g‘&n
pVK: HUPROL40- VK ( ATCExPepsset Designaflbeni®TAes097pte8. PMed :HUERGLEOaci d

of claim6, wherein t puckeher) d GaRr i sesothe seauepceisat boath in
SEQID NOS5. 9. The rrﬁc‘:ll eic ac:|L dewf a(%y one O?OC|aI ns 6%@% cl)r 8, wherein

the nucleic acid is R4R2°DNA or 10 An isol ated nucl eic acid encodi ng
a pol ypeptide conprising consecutl ve anino aci ds, the amno acid seqguence

of which is set forth g §E@1EPC'\%7 93 oflc 1T£1ﬁn nUE| QlrferGind 10k Ghal ey 20,
wherein the consecutive amno acids

are the amno acid I es a
pl asm d desi gnat ed pVFCiFuPRMPFdses the sequence 28 For L 3&9 %
NO:11.

17.The nucleic acid of any one of claims 14, 15 and
16, wherein the nucleic acid is RNA, DNA or cDNA.

18.A composition comprising at least one of the anti-
CCR5 antibody or a fragment thereof, of any one of

claims 1-5 and a carrier.

19.A composition comprising the anti-CCRS5 antibody or
a fragment thereof, of any one of claims 1-5,
having attached thereto a material selected from
the group consisting of a radioisotope, a toxin,
polyethylene glycol, a cytotoxic agent and a
detectable label.

20.A method of inhibiting HIV-1 infection of a CD4+
cell which comprises contacting the CD4+ cell with
an antibody which comprises (i) two light chains,
each light chain comprising the expression product
of a plasmid designated pVK:HUPRO140-VK (ATCC
Deposit Designation PTA-4097), and (ii) two heavy
chains, each heavy chain comprising the expression
product of either a plasmid designated
pVgl:HuPRO140 HG2-VH (ATCC Deposit Designation



H&2- VH ( ATCC Deposit Designation PTA-4098). 12.The nucleic acid of claim
10, wherein the nucleic acid conprises the sequence set forth in SEQ ID
NO 8. 13.wbaesnwwbei c acid of any one of clains 10, 11 or PRT/USh&03DN t he
nucleic acid is RNA, DNA or cDNA. WD 03/ 072766 PCT/US03/ 05500 -80 14. An

i solated nucleic acid encoding a polypeptige conprising consecutive am no
acids, the amno acid sequence of which is set forth in SEQ ID NO 12.

15. The nucl ei c aci d of PEA&GA8L4, opher eébirarhial  dossmmAedy ep¥gd rFIEROE® ar e
the amino acids expressed WupaIplesn daflesi gnaioad cpVeks FyRRAA0  dosut
B+D+l ) - VH (ATCC Deposi o Si %nati on _PTA- t4029)s .h16.£|'h§ éwclhe.i (:in%l of
claim 14, wherein the hucl'ei ¢ &ci dfagbnr%ri Ses™Pfié %réqhe%éé “éej’tc%f FEN S n SEQ
ID NO 11. 17. The nucl &b cCaR?P donf tagy orrdask clfaithe 19D445caht, 18, agherein

the n]ycl ﬁi c acid is Rl\@mox.gl\ﬂg\ Sha CONMer :8ndi eOMMOSELEWNLEQAPELSEBY @ff | east
one of the anti CCR5 i bo or gnent thereof f an of | ai s
1-5 and a carrier. 19?]_2{%91@&5@?? (a)]#\'(;:_(a)lrrpjrr? seic_r?ge' rfeel'%nft%io- %@ésoé_z;ﬁf'i bccf‘ ;:/l or a
fragment thereof, of ahy oneibited.aifWseriely, imzadifgngt ttHohdd Headtiona
materi al selected fromsthe @paUPce0Nsi Sting of a radi oi sotope, a toxin,
pol yet hyl ene glycol, a cytotoxic agent and a detectable |abel. 20.A nethod
of inhibiting HIV-1 infection of a CD4+ cell which conprises contacting
the CD4+ cell with 2anThmt mbodgdwefchcbaimpr R8es vheretno thightDehaiasd,l each
| i ght chain conprisingekfe fdar eggkon product of a plasmd designated
pVK: HUPRO140- VK ( ATCC '
22.A method of treating a subject afflicted with HIV-
1 which comprises administering to the subject an
effective HIV-1 treating dosage amount of an anti-
CCR5 antibody comprising (i) two 1light chains,
each light chain comprising the expression product
of a plasmid designated pVK:HuPRO140-VK (ATCC
Deposit Designation PTA-4097), and (ii) two heavy
chains, each heavy chain comprising the expression
product of either a plasmid designated
pVgl:HuPRO140 HG2-VH (ATCC Deposit Designation
PTA-4098) or a plasmid designated pVgl:HuPR0O140
(mut B+D+I)-VH (ATCC Deposit Designation PTA-
4099), or a fragment of such antibody, which binds
to CCR5 on the surface of a human cell, under
conditions effective to treat said HIV-i-afflicted

subject.

23.A method of preventing a subject from contracting
an HIV-1 infection which comprises administering
to the subject an effective HIV-1 infection-
preventing dosage amount of an anti-CCR5 antibody
comprising (i) two light chains, each light chain
comprising the expression product of a plasmid
designated PVK : HUPRO14 0 - VK (ATCC Deposit
Designation PTA-4097), and (ii) two heavy chains,



Deposit Designation PTA-4097), and (ii) two heavy chains, each heavy chain
conprising the expression product of either a plasm d designated

pVgl : HUPRQD 480G VH ( ATCC Deposit Designation WO 03/ 0727@86TRSI3/43508/ 05500
-81 PTA-4098) or a plasm d designated pVgl: HUPRO140 (nut B+D+l)-VH (ATCC

Deposit Designation PTA- 4099), or a fragl nt of such anti body which binds
to CCRS on the surface of the CD4+ cell, i anount and under conditions
such that fusion of Hh¥hlhesvarcHdivr boinpfceeﬁﬁgl tied lestpretsbe ofDdrodett i s

i nhi bited, thereby |nh| bit f.e e , The
met hod of clai m 20, er &i %Q?ﬂlﬂ é}}férﬂd fi&'s?gnaﬁ’éd él\f‘gé&%%*m% U}Orrléctvlzhod of
treating a subject afVHi ct/@FCRHi t REPPSAL 1 %ﬁ’(ﬂﬁlaééﬁﬁrl EE8- 407 hi sR%eridig to
the subject an effecbkivemtsV- d]eshrg&aﬁ:bﬁg slosagmpeRoDant  OfutanBant i) - OCRS

anti body conprising (i i chajh copprihshpg the
expressi on product of %gk%’l()gé%g%& des%l %ﬁatégﬁVET %40 VK C% Dep05|t
Desi gnati on PTA-4097) Ofanﬂu‘ﬁl )anttekboﬁléavy’hltﬂl?al hEndgadh he €ﬁ‘al hhe
conprising the expres%m&macerodﬂct 0f puhdrer aepl asmudddesi gratiédions
pVgl : HUPRO140 HG2- VH 0 QD yRTA- 4088)-+9Lna; pl agiikd
desi gnat ed pVgl: HuPRO%?EgE:E%ﬁ% Eb %é(%/r%nagdlccHDeposm Desi g:?\atll on PTA-
4099), or a fragment 6MPS&ER-anti body, which binds to CCR5 on the surface

of a human cell, under conditions effective to treat said H V-1-afflicted
subj ect. 23. A et hag gf Preventi ng a.suhj et £09y CORhERELE e ABAELV: L
i nfection which corfpri'sés adm nistering_ to the sub th an effect ve H V-1
i nfecti on- CCR5 antibody is administered to e subject y a

method selected from the group consisting of

intravenous, intramuscular and subcutaneous means.

25 .The method of claim 22 or 23, wherein the anti-
CCR5 antibody is administered continuously to said

subject.

26 .The method of claim 22 or 23 wherein the anti-CCRS5
antibody is administered at predetermined periodic

intervals to said subject.

27 .The method of claim 22 or 23, which further
comprises labeling the anti-CCR5 antibody with a

detectable marker.

28 .The method of claim 27, wherein the detectable

marker is a radioactive or a fluorescent marker.

29 .The method of claim 22 or 23, wherein the dosage
of said anti-CCR5 antibody ranges from about 0.1
to about 100,000 ug/kg body weight of said

subject.



preventing dosage anmount of an anti-CCRS antibody conprising (i) two |ight
chains, each light chain conprising the expression product of a plasmd
desi gnat esop¥k729¢PROL40- VK ( ATCC Deposit Designati on PTAPECOARp3ozmod (i)
two heavy chains, WO 03/072766 PCT/US03/05500 -82 each heavy chain
conprising the expression product of eithgg_a plasnm d designated

pVvgl : HUPRO 140 H&- VH (ATCC Deposit Designation PTA-4098) or a plasmd
desi gnat ed pVgl : HUPROLZRe (mathdd+DEl yl¥kn ZATCR PepasitheDdssggmt orsaid

PTA-4099), or a fragrreaﬁtloéc@%hlt%bapoweswﬂbehﬂ%{lﬁ&t&(&@o&_ﬁh dle
surface of a human cell er conditions ffective to prevent said H V-1

infection in said subf]é%"t‘&lfif PRE RO ocfc}?tﬁ di£3390FUBRECther ei n t he

anti- CCR5 antibody is adnministered to the subj ect by a nethod sel ected

fromthe group consks$thng Of; Jd@hgavgggw ay Ntdamisekar Upcut angeous
means. 25. The nethod of c]al nl1 22 or V\%EI’EI n t'hé ant |-%5 antj body is

admi ni stered conti nuoug?g/lt%cpssalad“twye 1o CATRTHSERod 10f TM%Qi MIY or 23
wherein the anti-CCRS chaindodyachs laght nelss er ecbratr ipriedet ke nexedke peidrodi C

nterval s to said Subj pebeyd7. The Jrephodal  ohal ghddedr pdd. nubkGh § g her

conprises | abeling the anti-CCR5 bod¥1 det ectabl e, mar er 28. The
met hod of claim 27, whéPEFh ]?foéosdé"t éjéatsé étlﬁ’ér EE% 19 r fDbaltived it a
fluorescent marker. 2Bedhe miEwhod, ofeathni me2yorci28in weempirnstihe ddsage of

sai d anti-CCRS anti bodyyfanges,f aBaRbeubrOclcntp abgihsA08, 800; gha pody

wei ght of said subject,.
pVgl:HuPRO140 HG2-VH (ATCC Deposit Designation

PTA-4098) or a plasmid designated pVgl:HuPRO140
{(mut B+D+I)-VH (ATCC Deposit Designation PTA-
4099), or a fragment of such antibody which binds
to CCR5 on the surface of a human cell, conjugated

to at least one polymer.

32.The anti-CCR5 antibody conjugate of claim 31,
wherein the polymer is selected from the group

congisting of hydrophilic polyvinyl polymers,

polyalkylene ethers, polyoxyalkylenes,
polymethacrylates, carbomers, branched
polysaccharides, unbranched polysaccharides,

polymers of sugar alcohols, heparin and heparon.

33.The anti-CCR5 antibody conjugate of c¢laim 32,
wherein the polyalkylene ether is polyethylene
glycol (PEG) or a derivative thereof.

34.The anti-CCR5 antibody conjugate of claim 33,
wherein at least one PEG has an average molecular
weight of at least 20 kD.

35.The anti-CCR5 antibody conjugate of claim 31,
wherein the apparent size of the conjugate is at
least about 500 kD.



WD 03/ 072766 PCT/ US03/ 05500 -83 30.The nethod of claim?29, wherein the
dosage of said anti-CCR5 anti body does not inhibit an endogenous

chenoki newva®sowa7eéey on CCR5 in said subject. 31. An anti - CCRETAISH3/ RS0y
conjugate conprising an anti-CCR5 antibody which conprises (i) two |ight
chains, each light chain conprising the gégéession product of a plasmd
desi gnat ed pVK: HUPRO140- VK ( ATCC Deposi t signati on PTA-4097), and (ii)
two heavy chai ns, each heavy chain conprising the expression product of

either a plasm d desi ted. .pVghcHu 400 HGZ 2 NH, §ATLCC Jepeshim Desi gnati on
PTA- 4098) or a pl agr%n"3H%esaﬁ‘gtr%at\%§‘spvd%: )‘;Htum%mﬁ’ ilgﬁmﬁ. BiDH ) - VH (ATCC
Deposit Designation PTAer@dooyheor Caniidaifentadf Auchanti i &K bi nds
to CCR5 on the surfacenefea@shuimnseehh, hedhjLigat,ecan t m@ted asin gmean

potymer. 32.The anti- ¢LRo;a0d bode copl vgal s plutd@idh Haa ahatetdudde

pol yner is sel ected fron1? e group _ consisting of hydrophilic polyvinyl

pol yners, polyal kyl ehe et He¥e" poliFEXPaFRY| effess - p&PVE@FﬁﬁcryT%te§f
carbomers, branched pehysapedwdddesantiHirarschechtpidlogyacchar i desgmerpol yner s
of sugar al cohols, he r%gognd heparon. 33. The anti-CCR5 anti body conjugate
of claim32, wherein the pol yal kyl ene ether is polyethylene glycol (PEG
or a derivative thereof. 34.The anti-CCR5 anti body conjugate of claim 33,
wherein at | east one REGeRasdanfavenapet iy etnd artioseighta of CRE+ | @@kt 20

kD. 35.The anti-CCR5 antibody copj ugat 19%Bql JPid3ls WheneLh.1 appar ent
size of the conjugategyshg? ¥Iea§%ggbo§% Ocﬁ%ghmDFQ§/072766 #ﬁb
PCT/ US03/ 05500 a subject at risk of HIV-1 infection the conjugate
of claim 31 in an amount and under conditions
effective to inhibit infection of CCR5+ cells of

said subject by HIV-1.

38.2A method of treating an HIV-1 infection in a
subject, which method comprises administering to
an HIV-1-infected subject the conjugate of claim
31 in an amount and under conditions effective to

treat the subject’s HIV-1 infection.

39.The method of claim 38, wherein the amount of the
conjugate is effective in reducing a viral load in

the subject.

40.The method of claim 38, wherein the amount of the
conjugate is effective in increasing a CD4+ cell

count in the subject.

41 .The method of claim 38, which further comprises
administering to said subject at least one

conventional anti-viral agent.

42 . The method of claim 37 or 38, wherein the
conjugate is administered to the subject by a



-84 36. The anti-CCR5 anti body conjugate of claim31, wherein the conjugate
has at | east one of an increase in serumhalf-life, an increase in nean
resi dencewoios®72766 t he circul ati on and a decrease in serumrCtlusas/edsee rate,
conpared to a nonconjugated anti-CCR5 anti body or fragment thereof. 37.A
met hod of inhibiting infection of a CCRS+_gell by H V-1, which nethod
conprises admnistering to a subject at risk of HV-1 infection the
conjugate of claim3inérheh @edentedndtxawdertheondirripnscorsfstdmiove ofo

inhib!t infection Qf cxﬁgﬁéﬁéﬂdu%,Oﬁntﬁéﬁﬁkéﬂﬂgre%hdbﬁubﬁﬁkénedﬁ%-AegﬁbhOd of
treating an HV-1 infection in a" subject, which nethod conprises

adm nistering to an H V-1-infected subject the conjugate of claim 31 in
an amount and under4gofk t itgishast f @ft | wéal® BY eaPrt hdd subjhaneisy Hityel

infection. 39.The met heghplgaeai i:3&amhakeeRehecamuioveliyt o @anjaugat e
is effective in reducing a viral load in the subject. 40.The nethod of
clai m 38, wherein the 2WDUHT" of the conjugate is effective in increasing a
CD4+ cell count in the subject. 41. The nethod of claim 38, which further

conprises admnistghifget nSBidh SWj ectaah | east opness conmaitdignalthe
anti-viral agent. 42. The nmethod of claim 37 qr 38 wherein_ t nj_ugat e
is administered to the"SUBi¥EE by *& VKfé%ﬁTﬁé}ﬁgg%PCTF%SO3? ?égﬁféaiég%nethod
sel ected fromthe groupextrdistimgrvdls e redichey®) erht ranuscul ar and
subcut aneous neans. 43. The nmethod of claim 37 or 38, wherein the

45 . The method of <¢laim 37 or 38, which further
comprises labeling the conjugate with a detectable

marker.

46 . The method of claim 45, wherein the detectable

marker is a radioactive or a fluocrescent marker.

47.A transformed host cell comprising at least two
vectors, at least one vector comprising a nucleic
acid sequence encoding heavy chains of an anti-
CCR5 antibody, and at least one vector comprising
a nucleic acid sequence encoding light chains of
the anti-CCR5 antibody, wherein the anti-CCR5
antibody comprises two heavy chains having the
amino acid sequence set forth in SEQ ID NO:9, and
two 1light chains having the amino acid sequence
gset forth in SEQ ID NO:6.

48.A transformed host cell comprising at least two
vectors, at least one vector comprising a nucleic
acid sequence encoding heavy chains of an anti-
CCR5 antibody, and at least one vector comprising
a nucleic acid sequence encoding light chains of
the anti-CCR5 antibody, wherein the anti-CCR5
antibody comprises two heavy chains having the

amino acid sequence set forth in SEQ ID NO:12, and



conjugate is adm nistered continuously to said subject. 44. The method of
claim37 or 38, wherein the conjugate is adm nistered at predeterm ned
peri odi c wotenyabe to sai d subject. 45. The net hod of cl ai ®C3US03/0380 which
further conprises |abeling the conjugate with a detectable narker. 46. The
met hod of claim45, wherein the detectabl eggmarker is a radioactive or a
fluorescent marker. 47.A transfornmed host cell_ conprising . at |east two
vectors, at |east one Y&t btIRonpPreEihighaviiRl Pe 28era 8&4derfrGEYERESdi ng
heavy chains of an antset GExBhanhi bBQlyID avak éat | east one vector conpri sing
a nucl ei c acid sequence encoding light chains of the anti-CCR5 anti body,
wherein the anti-CCR5 antibody conprises two heav¥ chai ns having the
amino aci d sequence?8ethd oftANFROBEEY | BORO: oCelind Tt vittaimyht 7 c A né havi ng
the am no aci d sequencehesein ftaet beih SEQ InAn@16and48eA transf or ned host
cell conmprising at least two vectors, at |east one vector conprising a
nucl eic acid sequence encodi ng heavy chains_of an anti- CCR5 antibody, and

at | east one vector>Rof? i SiFnRFroamrdchert setl Skqukhide hcBETRg™ it
chains of the anti-CCRbLaNtS hodps wbel gian AHte canlli oCCRSny entriabaedy 1 .
conprises two heavy chains having the am no acid sequence set forth in SEQ
I D NO 12, and WD 03/072766 PCT/ US03/ 05500 -86 two _light, chains having the
amino acid sequence>!sBi®f SFERSFAEEH) POSNO 881 49°FhetFdhstdr i HSst cel |
of claim47 or 48, whenerairt hdecekllisearamrauhieaantet (CRSAENTHdody .
transforned host cell of claim49 wherein the
52 .The transformed host cell of claim 47, wherein the
vector encoding heavy chains is designated
pVgl:HuPRO140 HG2-VH (ATCC Deposit Designation

PTA-4098) .

53.The transformed host cell of claim 48, wherein the
vector encoding heavy chains is designated
PVgl:HuPRO140 (mut B+D+1) -VH (ATCC Deposit
Designation PTA-4099).

54 .The transformed host <cell of claim 47 or 48,
wherein the vector encoding 1light chains 1is
designated PVK:HUPR0O140-VK (ATCC Deposit
Designation PTA-4097).

55.The transformed host cell of claim 47, wherein the
vector encoding heavy chains is designated
pVgl:HUPRO140 HG2-VH (ATCC Deposit Designation
PTA- 4098) and the vector encoding light chains is
designated PVK:HUPR0140-VK (ATCC Deposit
Designation PTA—4097f.

56 .The transformed host cell of claim 48, wherein the
vector encoding the heavy chains is designated
pVgl:HuPRO140 (mut © B+D+I)-VH (ATCC Deposit



cell is a COS cell, a CHO cell or a nyeloma cell. 51.The transfornmed host
cell of claim47 or 48, wherein the cell secretes the anti-CCR5 anti body.
52. The t reogBoratedd host cell of claim47, wherein the veeCwomsesesad ng
heavy chains is designated pVgl:HIPRO140 H&-VH ( ATCC Deposit Designation
PTA-4098). 53. The transforned host cell of claim48, wherein the vector
encodi ng heavy chains is designated pVgI‘:SI—TlIPROMO (mut B+D+l)-VH (ATCC

Deposit Designation BEA14099) on 54pTha ddoanstanmeehdiostet@dd ehcebahgn 47 or

48, wherein the vectar, encoding |light chains is ' _

pVK: HUPROL40- VK (ATCCQLB(@E] sicg“al%ési%na??%%?’ﬁ%&%éb‘gﬁ’lu%%gﬁg K al8F6F med
host cell of claim 47 Deplosri¢i Reshenatient ®TAeAE8d! ng heavy chains is
designated pVgl:HUIPRO140 H&-VH (ATCC Deposit Designation PTA- 4098) and

t he vector encoding light chai i desi gnat ed . pVK: HUP, 40- VK. (AT
Deposit Designati g':h7 '5%&- &6@’?!7??8%"%?‘%'%05[84 %ﬁgft‘tof’ﬁga{%ﬁoﬂgtﬁgﬁ ecl;felél ﬁlg'rgn 48,

wherein the vector encoedieng tavd hessguasita nendalidesikgritedchpirg | BEPROL40

(mut ' B+Dtl ) - VH (ATCG Heposd fe MO 03{ 73466/ 50302800 irr 8Fedesignati on
PTA-4099) and the vector encoding |ight chains is designated

pVK- HUPROL40- VK ( ATCCY®&posit Designati on PTA-4097). 57.The transfor ned
host cell of claim47, wherein the nucleic acid sequence encodi ng heavy

chains has the nucieiga¢idnsedugagenss! daant Bri 156 44 D wi@e8n 88eThe
transformed host cell of .cl.aim 48, wherein the Jn.ucl ekileca }g:i ghglelgye%g

i i ence encodin
encodi ng heavy chaunsrﬁﬁ§elc acid sedqu g .
the nucleic acid sequence set forth in SEQ 1ID

NO:llf

59.The transformed host <cell of claim 47 or 48
wherein the nucleic acid sequence encoding light
chains has the nucleic acid sequence set forth in
SEQ ID NO:5.

60.A vector comprising a nucleic acid sequence
encoding a heavy chain of an anti-CCR5 antibody,
wherein the heavy chain comprises the amino acid
sequence set forth in SEQ ID NO:9.

61.The vector of c¢laim 60, wherein the vector is
designated pVgl:HuUPRO140 HG2-VH (ATCC Deposit
Designation No. PTA-4098).

62.2 vector comprising a nucleic acid sequence
encoding a heavy chain of an anti-CCR5 antibody,
wherein the heavy chain comprises the amino acid

sequence set forth in SEQ ID NO:12.

63.The vector of claim 62, wherein the vector is
designated pVgl:HuPRO140 (mut B+D+I1)-VH (ATCC
Deposit Designation No. PTA-4099).



the nucleic acid sequence set forth in SEQID NO 11. 59. The transforned
host cell of claim47 or 48 wherein the nucleic acid sequence encodi ng

| i ght chaons/otese t he nucl ei ¢ acid sequence set forth in PEBE@ShENIN®M S. 60. A
vector conprising a nucleic acid sequence encoding a heavy chain of an
anti-CCRS anti body, wherein the heavy chajgn conprises the am no acid
sequence set forth in SEQ ID NO 9. 61. The vector of claim60, wherein the
vector is designatéd FpVylecHaPROIAOPHEINGH (ATCCDBERF6si BCiPesFARERSR No.
PTA-4098). 62. A vect OlenGRARhESENY ighbuchaie ati dnseqitencerseaaodbagya heavy

chain of an anti-CCR5 antibody, \QEEE |I %hh?}glggg%g}l%%l D Lonptisescthe

anmino acid sequence set FoFth tn . vector of claim62,
wherein the vector is sedeshgpased fpygih RRPRER4EP (¥Rte -B+D+l ) - VH (ATCC
Deposit Designation No. PTA-4099). WO 03/072766 PCT/US03/05500 -88 64.A
vector conprising a huycleic acid sequen codj light ghaid} of can
anti - CCR5 ant i body, ©> Wh&r e\l’%caﬁ%re ?lgghct%agﬁ'ai éﬁp’coghglg%%s 'ltt%g an%kﬂdo ac%ﬁ
sequence set forth in SEQINBLRD, 6. BYK THEPRAG OV Kof cl'AFRf64, RREPERR t he

vector is designated f¥ ghd PRI 40 VO {rAEGE7Peposit  Designati on No.
PTA-4097). 66. A process for producing an anti-CCR5 anti body which

conprises culturing a host cell containing therein (i) a plasmd

desi gnat ed pVK: HuPRGEL40- YKoc¢ATCC Deppspeudiand gRat i eﬁtpmﬁog?}l,tléﬁéyu i)
either a plasnid desigpated d¥ghiEuPROL40uHG2y VH nhoAT CCeDepasintaDashgnat i on
PTA-4098) or a plasni%herein (i) a plasmid designated pVK:HuUPRO140-VK
(ATCC Deposit Designation PTA-4097), and (ii)
either a plasmid designated pVgl:HuPRO140 HGZ2-VH
(ATCC Deposit Designation PTA-4098) or a plasmid
designated pVgl:PR0O140 (mut B+D+1) -VH (ATCC
Deposit Designation PTA-4099) under conditions
permitting the production of an antibody
comprising two light chains encoded by the plasmid
designated pVK:HuPRO140 HG2-VH (ATCC Deposit
Designation PTA-4097)and two heavy chains encoded
either by the plasmid designated pVgl:HuPRO140
HG2-VH (ATCC Deposit Designation PTA-4098) or by
the plasmid designated pVgl:HuPRO 140 (mut B+D+I) -
VH (ATCC Deposit Designation PTA-4099), so as to

thereby produce an anti-CCR5 antibody.

67.A process for producing an anti-CCR5 antibody

which comprises:

a) transforming a host cell with (i) a plasmid
designated pVK:HuPRO140-VK (ATCC Deposit
Designation PTA-4097), and (ii) either a
plasmid designated pVgl:HuPRO140 HG2-VH (ATCC
Deposit Designation PTA-4098) or a plasmid
designated pVgl:HuPRO140 (mut B+D+I)-VH (ATCC
Deposit Designation PTA-4099); and



desi gnated pVgl : PRO140 (rmut B+D+l)-VH (ATCC Deposit Designation PTA-4099)
under conditions permtting the production of an antibody conprising two
l'i ght chavasserweded by the plasmd designated pVK HuPRORED/USE2038b0 ( ATCC
Deposit Designation PTA-4097)and two heavy chains encoded either by the
pl asm d desi gnated pVgl: HUPRO140 HG2- VH (,ALCC Deposit Designation
PTA-4098) or by the plasm d designated pVvgl: HUPRO 140 (nut B+D+l)- VH
(ATCC Deposit Designatibh PTAWODY), tde asransfarmedebhopt ofirdd anrdd i - CCRS
gg% P_ogy- 67j At pr OCfess forc@ﬁ@ﬂ@mml ?5e_§ﬂﬂ#t(§@?5 @:ﬂbﬁb@ﬂyon\/\lhio(fh an
Ises: a ransform ng_a_host ce W t. i) a m .desi
pVK: HUPROL40- VK ( ATCC Depogf”fpb(fé}éi ‘é%“&%rilosr%“ﬁw&%”éi’oé%g,%aﬁga(‘??) %??ﬁ%ﬁ' a
pl asmi d desi gnated pVgl : HUPROL#e HE2LagnidATGes igepierd t MESIFGFEOL 6R- VK
PTA-4098) or a plasmd deshgnat edpp¥ot : BdPRAM: driubTBHDid7)- \echd ATGE

Deposit Designation PTA-4099); and WO 03/07 6 RPCT/USQ3/ 0 0,.7%89;
culturing the transforned E%%%ycé:?“ 15rs1deerncoc%(z)§dietlig%r(%J chlrmé}'?%i ﬁéagﬁéghcti on
of an antibody conprisingdeaboraepd R -HYPBALHYSEZ DY t WPl BSRPE*T
ﬁe5| gnathe_d pVK: HugRSM_O- XKDeﬁMﬁxh‘gmposmtAJa@SisgnabironbE?TAté@97)a1aEmlidi\Ao
eavy chai ns encoded either t he pl 1 jgn |-y H HG&2- VH
(ATCC Deposit .Designati ondﬁ?xg?@é% pﬁyfgwb?/hftpgg%?agknl‘lﬁg B esﬁ)gh@?&%@@(t
pVgl : HUIPROL40 (nut B+D+l) - DRPPATCC Dol tiopesiPgRat P8R! PTAS2099F, &9 as to
thereby produce an anti - CCREe28b{ beeyiue8 afhantet dork aintdloaiag. 66 or 67,
whi ch further conprises recovering the anti-CCR5 anti body so
68.The method of claim 66 or 67, which further
comprises recovering the anti-CCR5 antibody so

produced in isolated form.

69.The method of claim 66 or 67, wherein the host

cell is a mammalian cell.

70.The method of claim 69, wherein the mammalian host

cell is a-COS cell, a CHO cell or a myeloma cell.

71.The method of claim 66 or 67, wherein the heavy
chains of the anti-CCRS5 antibody are encoded by
the plasmid designated pVgl:HuPRO140 HG2-VH (ATCC
Deposit Designation PTA-4098) .

72.The method of claim 66 or 67, wherein the heavy
chains of the anti-CCR5 antibody are encoded by
the plasmid designated . pVgl:HuPRO140 (mut B+D+I)
(ATCC Deposit Designation PTA-4099).

73 .A kit for use in a process of producing an anti-

CCR5 antibody comprising:

a) a vector comprising a nucleic acid sequence
encoding a light chain of an anti-CCR5
antibody, wherein the light chain comprises the



produced in isolated form 69. The nethod of claim®66 or 67, wherein the
host <cell is a manmalian cell. 70.The nethod of claim 69, wherein the
mamal i arwbaesi727éel | is a COS cell, a CHO cell or a nyel omaTamsbd/sso¥1l. The
met hod of claim66 or 67, wherein the heavy chains of the anti-CCR5

anti body are encoded by the plasm d desi gaated pVgl: HUPRO140 H&-VH (ATCC
Deposit Designation PTA-4098). 72. The nethod of claim6 or 67, wherein the
heavy chains of the ant i 2"¢BR5 35ALi 564Ye8Fe SREodEd By 17t REp 1T i €

desi gnat ed pVgl : HUPROL40 amwut B+D+l) (ATCC Deposit Designation PTA-4099).
73.A kit for use in a process of producing an anti- CCRS anti body
conprising: a) a vectqy) GONPELSINY c3mPYelehs aci dusBHUENGR i deNsOghdIg-A
light chain of an anti-CCR5 .anti body,hé/\gl@rei n.the Ii ght chain cop&)élj{ées
the WD 03/ 072766 PCT/ USO3/55500° - G0 affho acri*sequihce Fet FoFTH T SEQ
ID NO6; and b) a vect orrT¢3RpPEY si Wepre Hudihe disfcivd chedteneerr esrodity a
hﬁavy chai n of dan anti - C@Rano?ratciibo@équ%heéeisatt Herfaaviy G ncomprd ses
the am no acid sequence set r i L. D_NO._9 r.a vector conprising
a nucl eic acid sequence ozfncaoc;l\?er?’é:]:Iaélr %é%\g?l% gyﬁ)aopuggejént ?9&1'«%6%%% Cfebody,
wherein the heavy chain GHFFiEiEes the Pefinho §BREN sefbencd sedntbr€FRT n SEQ

I D NO 12. antibody, wherein the heavy chain comprises the
amino acid sequence set forth in SEQ ID NO:12.



