HUMAN ANTI BODI ES THAT BI ND CXCR4 AND USES THEREOF Background Chenoki nes are
a famly of about 50 small proteins that nodulate cell trafficking 5and
angi ogenesi s and also play a significant role in the tunor m croenvironnent
(Micari, A P. and Caux, C. (2002) Cytokine Gowh Factor Rev. 13:143-154).
Dependi ng on their structure, chenokines are classified as G C chenokines
(containing a cysteinecysteine notif) or G X-C chenpkines (containing a
cyst ei ne- X- cyst ei HUMAN ANTIBEBEDS FHAT BHYD KiX(CR4 4 NP YBBHBTKIERROF hus are
classified as menbers of the CCR famly 10or CXCR fam |y, respectively.

One nenber of the CXCR famly is CXCR4, a seven transnenbrane G protein
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63: 3005- 3008) D§u ry The present disclosure provides isolated nonocl onal’
anti bodi es, in particrd gihy %m@mﬁ%gﬁe%‘%né%m%% ammﬂgn.bgtﬂﬂest 0 human
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i nstant disclosure pertains to an isolated human nonocl onal anti body, or an
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Summary
The present disclosure provides isolated monoctonal antibodies, in particular
30 human monoclonal antibodies, that bind 1o human CXCR4 and that exhibit numerous
desirable properties. These properties include the ability to bind to native human
CXCR4 expressed on a cell surface, the ebiiity to inhibit SDF-1 binding to human
CXCR4, the ability to inhibit SDF-t-induced calcium flux in cells expressing CXCRA4,



nM or less). In another enbodinent, the anti body binds to native hunman
CXCR4 expressed on a cell surface but does not inhibit binding of SDF-1 to
human CXCR4. In 15 yet other enbodinments, the antibody also inhibits

SDF- 1-i nduced calciumflux in cells expressing human CXCR4, preferably wth
an ECso for inhibition of 3 nMor less, or 2 nMor less, or 1 nMor |ess,

or 0.9 nM or essmyor_ ib8t . _r.n uessm t noz rlllM orel ess Xor Ohe6 HM or | ess,
or 0.5 nM or ‘Peailitydo ingiby inqugedsmiggatign of gellg Gy IS X G Rk dhe abiiptn or
less, or 0. 333}}9bﬂM\ﬁlﬂar§ﬁﬁ;%forﬂaﬁo:yﬁ)lhlﬂﬁamﬂfmbﬂmﬁp% rv&rHoﬁven&:f&alsa(ﬁliu'\/%@é A al so
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full-length antibodies (i.e., npri Si vari abl e and’ constan regi ons).
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host cell or Tn an artificial aferred as this
di scl osure pe ai iess @., an ECsidbainkith oo wa28. 6®mMairdmaloramsn bBOyr lesororarese

ti gen-bi ndi pn t here bod s to native
ﬁﬂn;ﬁ CXCRA ;”%PE&S d" @ere%o“%‘?‘?éﬁ“eﬂ“%ﬁ@ Hinsit npdve gwav é&%ﬁ SDF- 1 Ito

human CXCR4; dape}set nhnalaelt ﬁjrﬁ%aﬁbammubwm%mﬁsmxl tdhtﬁfhh|@<(ﬁ¥£pr1633i ng
human CXCR4; éﬁgd% i nhi bits SDE-1-j m.gration of cells expressing human

CXCR4; an ‘h?ﬁembpg meRfsi "IhFé'P‘XPOFhBIéO maitae PEH -Byussd selp e ir sdls vein
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apoptosis of cells expressing human CXCR4 and/or inhibits growth of CXCR4+

tunor cells dWdPoless prdbiedsor {asier 0 8aM ordptperdst B8M;qf lags.\05 0.7 nM or less, or 4.6
another aspeqiu of RisSol) SELOSHLE PBULR: BRIk 3o 0loB9s Aliaf | AR sRPRE] onal

anti body, or antigen bi'nding portion there ‘wher el n the’anti body
cross- conpet &g 053g#9 &Mmrﬂnﬂs)ngn 111 Otbxmﬂ,bwlmma theefnebmmoammutnﬂm: lwher ein
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capiilary tube formation by HuVECs, induces apoptosis of cells expressing CXCR4,
inhibits tumor cell proliferation /. vitro, inhibits tumor cell proliferation or induces
25 tumor cell apoptosis in vivo, inhibits metastases of CXCR4" tumor cells and/or increases
survival time of a CXCR4™ tumor-bearing subject.
Preferably, the antibody binds to human CXCR4 with high affinity, such as with
aKpof 1x 107 M or less or with a Kp of 5x 10® M or less. Preferably, the antibodies
of this disclosure are full-length antibodies (/.¢., comprising variable and constant
30 regions). Furthermore, the antibodies of this disclosure preferably are raised against
full-length human CXCR-4 expressed in its native conformation on a host cell or in an

artificial membrane.



aci d sequence of SEQ ED NO 30; or (c) a heavy chain variable region
conprising the am no acid sequence of SEQ ID NO 27 and a light chain

vari abl e region conprising the am no acid sequence of SEQ ID NO 31; or
25(d) a heavy chain variable region conprising the am no acid sequence of
SEQ ID NO 28 and a light chain variable region conprising the amno acid
sequence of SEQ ID NGO 32. In certain enbodi nents, this disclosure provides
an isol ated nonoclloﬁailrefa‘mdi%my thimdiselmummdr@élmmémmimgd bionan rooncchesleof |
corrprlsmgah hai n..v e 3Qreqion pthat . roduct of or
derived from a?%ggn)h% %ﬂ-?né’f’géb 09‘ er §‘|re §reé{h F B 'gg’fg%peci fically binds
human CXCR4. |n ot hefa) @éimdodd .me.mt Bumﬁd‘ﬂ?XCHﬂSﬁﬁr@ﬁhﬁ@ Predsudag; an i sol at ed

nonocl onal anti body, n antlge bi ndi ng portlon t hereof, conprising a
li ght chain vari abi e(bSé'dﬂBH BaE 9 sgD[thtO;}I“BHﬂ 4or derived froma human

VK L15 geng, whereing hﬂ\l@ﬂtgmﬂQYndﬁ%Qafcﬂ&@hb)ymmengé( pRIROh (R CR A yet
ot her enbodi nents, this disclosure provides an isol at ed nonocl onal

anti body, or an anti Gemidiiigl-pureddonistaner ebtells exmipeing hwgaraf¥ERY. chai n
variable region that ig ‘fhe product of or derived froma human VH 3-48 gene
and a light chain varlaB e region that is the 5product of or derived froma
human VK LI 5 gene, (dhérheiirs capiBarantliclfonhatispeg hfmaalmbylidil nds emloteiial CXCR4.

I'n anot her aspect, this disclosure provides an isolated nonocl onal

anti body, or antigen bi Rdi ng portion thereof, conprising: a heavy chain
vari abl e t®gi Bventrhat p&ﬁiﬂiﬂ’!y,sl&&nﬁﬂ'd)d?lalsomes @mﬁtosum%emesma@mgemarand a

li ght chai le t hat CDR3
wnarein - CERTsEuerRhRU erbRt A WA Brot i o orrscSeuBEY compr | sob

an am no aci dggﬁj Quencevsel ected fromthe group consisting of amno acid
sequences of SEQ I D NGsi 9-12, and conservative nodifications thereof;
15(b) the |ight cHaarOtEFRESY @’?@@lﬁﬁfmngmeme%mlmdamam no acid

sequence sel eghte] bOMBENAGAY BorfANHALE MheRln ATMRLAFL A 28AERS R Of SEQ

I D NGs: 21-24, and consérvatiVv cat'ions thereo c) the
anti body b} ndndiog e XGR4 Muhanefe)(@mnekqmewbedmohﬁ afecemlcd arslbmﬂ)aocenprdses
preferred enbodi ment¢I hIVS nt arzﬂ)yer has.one, or nore ,of the ffol | ow ng
20characteristics: iGhBre BHAd e ofglgbﬁorfp?sé”%mmo aRiiSEIueRce ©

SDF- 1-i nduced cal ci um fSEq»dD mocﬁ A8 adhipr 8B \mgaiﬁé(@(bn cofihihd Se amino

SDF- 1-i nduced m gration qf cells gg@rr@sﬁgn% CXCR-4; inhibits capillary tube
formati on by HuVECs: i AUBCERAESHH ePl's expressing CXCR4 (in vitro

and/or in vivo), i nh@blamaa\grc@m Wa@db ] XEBh komprisi th€ &hing abid s¥dueh@ ognd/ or in
vivo, and/or inhibits netatases of CXCR4+ tunmor cells
20 SEQ ID NO: 26 and a light chain variable region compnsing the amino
acid sequence of SEQ ID NO: 30; or
(c) a heavy chain variable region comprising the amino acid sequence of
SEQ ID NO: 27 and a light chain variable region comprising the amino
acid sequence of SEQ ID NO: 31; or
25 (d) a heavy chain variable region comprising the amino acid sequence of
SEQ 1D NO: 28 and a light chain variable region comprising the amino
acid sequence of SEQ ID NO: 32.
In certain embodiments, this disclosure provides an isolated monoclonal
antibody, or an antigen-binding portion thereof, comprising a heavy chain variable
"~ 30 region that is the product of or derived from a human Vy 3-48 gene, wherein the
antibody specifically binds human CXCR4. In other embodiments, this disclosure

provides an isolated monoclonal antibody, or an antigen-binding portion thereof,

comprising a light chain vartable region that is the product of or derived from a human




25Preferably, the heavy chain variable regi on CDR2 sequence conprises an
am no aci d sequence selected fromthe group consisting of amno acid
sequences of SEQ ID NGs: 5-8, and conservative nodifications thereof; and
the light chain variable region COR2 sequence conprises an am no acid
sequence selected fromthe group consisting of am no acid sequences of SEQ
I D NGs: 17-20, and conservative nodifications thereof 30Preferably, the
heavy chain v&F ﬁhﬂgeé‘ef‘ébqrﬂﬂtm'qmdé/éﬁfféﬁﬁgy E@%??@%C%QRQMW‘ a¥fd sequence
sel ected fronanyRQintnBUMiCARTsEel prsli@ds aﬁﬁ@o&%d@rﬁé%c&ﬁ&l‘éﬁﬁ%?, SanFhgehD NOs:
1-4, and conservative nodifications thereof; and the |ight chain Variable
regi on CDR | bindrieqiien berwph careerisig ani hreviadiah weiqblemueonsibhtesthedrodngm t he
group consi Stdig g AToRCs Afibdl VLAUEIERSNEG PR Qnhil NRle dFiodGra AEL
conservative nodifications thereof. preferfed co i nation conprises: (a)
heavy chaiin vapdwbbieor deqyeadirc@DREurconpr L gape SE@réi Diid@ntidody5pd)fialiheavy
chai n vari abl.e i on conprising SEQ ID NO 5; (c) a heavy
chai n vari ablbeersg’glm(%PlC%'conpri sing SEQ ED NO 9; (d) a light chain
vari abl e regi on ChDRhnaixipsest, hg Hcslifd pNidek 3 isolated monoti@hal antiic@htorchai n
vari abl e region CDR2 conprising SEQID NO 17; and (0 a light chain

vari abl e regiBHEEDRE IRBRYHPLINAGOISEYY P NA: 21. 10Anot her preferred

conbi nati on conpri;gesy dhdh A 8aNY; & hal Boyatdabbe \r gk on Gk conpr i si ng
SEQ ID NO._2; (b) a heavy chain variable region CDR2 conprising SEQ I D NO
6; (c) a Weavy chabaveyessiabladighiedhipory2CBRSregmmphat spmprisSEQDRD, QIOR2.10¢ (d) a
| i ght chain varia i CORL.gonprising SEQ ID NGO 14; 15(e) a |ight
chai n vari abl e regjll%}lj%%{fé@%%nprle@i ng SEQID NGO 18; and (1) a light chain
vari abl e regi on CDR3heberyy ickdimgarBERQ réddoMNODR2 2equinet doeipripgsah amircheid

conmbi nati on conprises: a) a heavy.chain vyariable I I
ot o1 g SRR RiGTecigd from the efop phs 3R e ok ) KPS ERb G B CoRo
conpri si ng SEQJ, Brd\&nsetvatR@ (eadifcali@RMyeredtai n vari abl e regi on CDR3 o
g(égplr ::)SI n_ fEQ ! D(bN)Othe Figlh’t cggg vzixarialbﬁegrgggiog PZ%IRI} s\éc?urelnt?ebclo?nprrigeglagrzlim%[c))lr\;]éidcorrprI stng

sequence selected from the group consisting of amino acid sequence of SEQ ID NOs:

21-24, and conservative modifications thereof; and
{c) the antibody binds to native human CXCR4 expressed on a cell surface.

In preferred embodiments, this antibody also has one or more of the following

20 charactertstics: inhibits binding of SDF-1 to CXCR4, inhibits SDF-1-induced calcium
flux in cells expressing CXCR4, inhibits SDF-1-induced migration of cells expressing
CXCR-4; inhibits capillary tube formation by HuVECs; induces apoptosis in cells
expressing CXCRA4 (in vitro and/or in vivo), inhibits growth of CXCR4™ tumor cells in
vifro and/or in vivo, and/or inhibits metatases of CXCR4™ tumor cells.

25 Preferably, the heavy chain variable region CDR2 sequence comprises an amino
acid sequence selected from the group consisting of amino acid sequences of SEQ ID
NOs: 5-8, and conservative modifications thereof, and the light chain variable region
CDR2 sequence comprises an amino acid sequence selected from the group consisting
of amino acid sequences of SEQ ID NOs: 17-20, and conservative modifications thereof.

30  Preferably, the heavy chain variable region CDR1 sequence comprises an amino acid
sequence selected from the group consisting of amino acid sequences of SEQ ID NOs:

1-4, and conservative modifications thereof, and the light chain variable region CDR 1




(e) a light chain variable region CDR2 conprising SEQID NGO 19; and (0 a

| i ght chain variable region CDR3 conprising SEQ ID NO 23. Anot her
preferred conbinati on conprises: 25(a) a heavy chain variable region CDRI
conprising SEQ ID NGO 4; (b) a heavy chain variable region CDR2 conpri sing
SEQ ID NO 8; (c) a heavy chain variable region CDR3 conprising SEQ I D NO
12, (d) a light chain variable region CDRL conprising SEQ ID NO 16; (e) a
| i ght chai n vagquailsk gompigfics A TOR2 20d derucadersgleSRYTOD NG ro@oconaipchg3dedine | i ght

chain vari abl g%lﬂ?%u%giﬁqu?&qssggﬁ §1E§%({51Q3r§4(?fve%ndbgif'{cations tl%eh%o er pr eferred

ant i bodi es of gen Di ndi ng portions ereof,
conprise: (a) a heaygrfohdicombaniiabieenpnegs on conprising an amno acid

sequence selected frqmthe grou onsi st | of SEQ . 25-28 and 41-44;
and (b) a light chai(?ﬁ he?)’é(rcihgﬂl"é'%rbi"grie%'ﬁ“éﬁ%r‘ioﬂpﬁﬁn%sgghgﬂgoabi d sequence
sel ected fsomthe grOUumesSSmtvanhOfep R Ma¥priskfs88 ®mWo4s- 48; wherein

the anti body specifically binds CXCR4. A preferred Conbi nati on conpri ses:
(a) a heavy chain v&PirdBhw Ghaigivanabiomsion DN compriaing 86QIB NOs¥quence of SEQ
ID NG 25 or 41; anggGhiohAcHal:Oliatl R4S | 8 SishEHEQIEREPT{ Si Ng t he

am no acid sequence@dgf gEQ Ia_lg NCIJa 295’.0rrl 45, s nE%{Eg%]t h]ggpg)jr’ef erred

conbi nati on conpri sé3:2 ligh) chainherabje chmnCDRY iaipineing S§Q0IB MONpT iasd ng t he

am no aci d sequence of . 5EQ LD N, 260 or 4, and (D) ca-ldgh,. [hai novari abl e
: 1 ehaily val) ing

region conprising thé amno aci d sequence of SEQ 'D"NO 307 0or 46. Anot her

preferredi@onbi nat Aonha prerreslesmbipajjorecdngaives: chai n vari abl e region
gt chai nvar  abl & LGOI EBIBIL 600 RO ooy 386 SE0MRUICE of |SEOQ | D
NO 31 or 47. (b) aAB&lyhBkin FEGHAY edn CHRY Joaiphan; SEORDIeS: (@) a heavy
chain variable region conprising the am no acid sequence_of SEQ ID NO 28
or 44; and (b) a I|i@he henidhapapiahia eeive S ©awpring ShE IPEO0alf no aci d
sequence of SEQ I D 0, 3R &ﬁin%riab]r@l!e@ioﬂ@lﬂeéon%gﬁgtSEQfil)tlbbSItqi scl osure,
anti bodi es, or antigen-binding portions thereof, are provided that conpete
for bindihy to CXCR&) Wwiltght chap vofizblhesgiwh dildkikem ronied SERLIDDYET Bs andThe
anti bochcs of 115, ) SRR SOPR. R XA Sy bl plgB% 1, ant bod e
be anti body 20f r aghmmites preferck casbiration deatprisar Fab' 2 fragnents, or single
chain anti bodi es. (a) a heavy chain variable region CDR1 comprising SEQ [D NO: 3;
(b) a heavy chain variable region CDR2 comprising SEQ [D NO: 7;
20 (¢) a heavy chain variable region CDR3 comprising SEQ ID NO: 11;
(d) a light chain variable region CDR1 comprising SEQ 1D NO: 15;
(e) a light chain variable region CDR2 comprising SEQ D NO: 19; and
(f) a light chain variable region CDR3 comprising SEQ ID NO: 23.
Another preferred combination comprises:
25 {a) a heavy chain variable region CDR1 comprising SEQ ID NO: 4;
{b) a heavy chain variable region CDR2 comprising SEQ ID NO: 8;
{c) a heavy chain variable region CDR3 comprising SEQ ID NO: 12;
(d) a hight chain variable region CDR1 comprsing SEQ ID NO: 16;
(e) a hght chain variable region CDR2 comprising SEQ ID NO: 20; and
30 (f) a light chain variable region CDR3 comprising SEQ ID NO: 24.
Other preferred antibodies of this disclosure, or antigen binding portions thereof,
comprise: (a) a heavy chain variable region comprising an amino acid sequence selected

from the group consisting of SEQ ID NOs: 25-28 and 41-44; and (b) a light chain




Thi s di sclosure al so provides an i nmunoconj ugate conprising an anti body of
this disclosure, or antigen-binding portion thereof, linked to a

t herapeutic agent, such as a cytotoxin or a radioactive isotope. This

di scl osure al so provides a bispecific nolecule conprising an anti body, or
anti gen-binding portion thereof, of this disclosure, Iinked to a 25second
functional noiety having a different binding specificity than said

anti body, or ﬁﬁ?%ﬁgﬁ“ﬂi Bﬂﬁ@méﬁ??PWHaPHéWEGP“%%WﬁS@ﬁPWd%%@EHhﬁF$§W%@ an
anti body, or @HEE@EMNDsTH- OR300 ERAHROIb&y dpBHRAG BMHNAY BRICR 40T

bi specific nolecule of this disclosure and a pharnaceutically acceptable
carrier are also p¥befased combryanecaPaEgsdahshewiy|ciain @aEaddi iagiot he

anti bodi es, Ofonfikin R ARCAASRLLL BSES IENEDDs 01 Lk ) di B8 pwr @ are

al so enconpassed by this disclosure, as well as expriession ctors

conpri si ng suciaplecdgednccoaningsg tredmosicidelbace oh§iEQ P NY: 20 ohd4expr essi on
vectors. Met hods nﬂ%ﬂ%;e%fgkggoagg&}§§QR4.ant'fo$ies sing.tpe bost cells
conprising such éxpres8ison v 6rs'§r8”@P§%‘% SVFHEF AR IANE TR ude t he
steps of (i) expriesgiegniheaddidbody of SEQ B NS oced;landnd dlidh) chasp! ati ng
t he anti body fromthe host cell . Anot her asPect of this disclosure

pertains to nEf'AYEEEHN BREFAE thigmineciid kaysngs PASEQTANQsPP or §herei n t he

cel|'s are contact ethoet Prefre@RbihBAson Bhpaithi @eNrdi Ndi g, SRPLLI LR, t her eof ,
of this disclosure. The cells can be contacted in vitro by culturing the
cel I's with t remRRENBE <P ATBRO tdbscardncs otHEQ He NEL AT acfBdnd (b)wilight dbgin

adm ni stering,tih td 10,8 ) £ .8 jment, the
cells are tungf @gﬁggﬁggﬂﬁggggﬁgagﬁ%ﬁﬁﬁgﬁé&?ﬁ%gﬁgiﬁg%gg%§Ep?giin i nhibition
of the growth of tAnwther prefdrsd aordlbioatidnrtoimipiites ) Oficanetiast asiable ofgidrhe t unor

he. mot hod 1 CCUUSTE RS AIVOIE BHUES Bnteg ANCHEGr R HB° S8 BAni n yot

anot her enbodianielsit regldrecotplibig deaminimRiDeyhease bS BNID NO: apepdLry di sorder
and the ngthods result in inhintLoq of inflammtion. In yet another
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fol |l owi ng de%g}lgq dgscria;ion.%nd exaaneST_Mhi%h smould.not be construed
as |imiting. “MRECESA BT &t AN EAEBRALT. bt heb i deenpat s and
publ i shed patagtoi@ipbi £aticadisetdotopd. This AaBQIE altdpSviaRR] biGREIRG M oRcBle
expressly incorparated herein by 25reference. Brief Description of the
Dr awi ngs comprising an antibody, or antigen-binding portion thereof, of this disciosure, hinked to a
25 second functional moiety having a different binding specificity than said antibody, or

antigen binding portion thereof.

Compositions comprising an antibody, or antigen-binding portion thereof, or

immunoconjugate or bispecific molecule of this disclosure and a pharmaceutically

acceptable carrier are also provided.
30 Nucleic acid molecules encoding the antibodies, or antigen-binding portions

thereof, of this disclosure are also encompassed by this disclosure, as well as expression

vectors comprising such nucleic acids and host cells comprising such expression vectors.

Methods for preparing anti-CXCR4 antibodies using the host cells comprising such




Figure I A shows the nucleotide sequence (SEQ ID NGO 33) and am no acid
sequence (SEQ ID NO 25) of the heavy chain variable region of the F7 human
30 nonocl onal antibody. The CDRL (SEQ ID NO 1), CDOR2 (SEQ ID NGO 5) and
CDR3 (SEQ ID NO 9) regions are delineated and the V, D and J germine
derivations are indicated Fi gure 1B shows the nucl eoti de sequence
(SEQ ID NG 37) and am no acid sequence (SEQ 1D NO 29) of the |light chain
vari abl e regi GG OF NEFIET 2RI IRTI PO AAY InshdE HSHeps CERFIESED | D NO
13), CDR2 (SE a3 [ are delineated
and the V andQ‘”ng‘é”'r\Qtf‘%@S&gégfav"at. O%&S%géﬁé%nﬁ%dﬁﬁm fifdlodban Figure 2A
shows the nucl eot|ﬁ@th@qmb@t%l$E@:lD®rN®ﬁaeﬁ)o raﬁdjodxmfmmdakaung 8EG8énce (SEQ

I D NO 26) of Lnvar abI n., .of t 9 hurra nocl onal
ant i body. )The %ﬁﬁ’y %@éQ F% SR 1S %@%@ L EERRYSEQ | D
NO 10) re§i opstian thedef, |oﬁ9n&tcbﬂ:l@ﬁu@l trhecr:]éd/l,s chh ismdmtlaégemm;:raey delfirvatlicons are
10i ndi cat ed. 2B sh ws the nucl eoti sequence (SEQ I D NG
38) and ani noceélélwdthégﬁﬂ'gﬁﬁ‘g’ Frpscse bCNC]?e BORCIET e Ylaﬁ%‘f”‘%ﬁﬁgﬁ E\'/grl abl e
regi on of theaﬁ@ohyumrguaﬁaoq.hQF@renaate’nB@cﬂmemegc@QBk oRbRed P NPessthft) . CDR2
(SEQ ID NO 18 d CDR3 (SEQ ID NO 22) regions are delineated and the V
and J gernlink |&oafhedﬁ%hcairféwitsmah-émoeaf the growth of Emgueeds 3nd/ehows t he

nucl eoti de seguenes dreRQ:RNGE mSﬁ)mraremsam MT@CLQ@@Q%%@ AREQFRING 27)
of the heavy chain variable region of the DI human nonocl ona antlbody The

CDR1 ( SEQI? D oresg)g CHORS (nSHE m@hddQesury na:mblnbmbﬁa@f ¢BEQIIHDVNGD thd Xlls.elgi ons

Fl gure 36 shotd Hinb HrbBn BN et Dl RGBT b R Ry RS n e o
sequence ( SEQnkoMGesudtlp imdfibitidreoflihfimaival mmama}liﬂrembagtneﬂn 0t célRerdl human

nmonocl onal anti bod CDR1L (SEQ |1 D CDR? I D NO  19) and
CDR3 (SEQ I D & %T Vfiécgiaaiﬁ@ma&af gél“?ﬁ’?ﬁf%ﬁgk?dﬂ?%&“vna HEIOLCREI M | ne
derivations are 25hngbBata8sbet, this disclosufd J&%ﬁs% rﬁ&ﬂaﬁoﬁsh%uwﬁé %Bﬂh%on
sequence SSEQ | D NQO 36) and ami no acid sequence (SEQ I 28) t he

heavy chath ver$¢3i éte%iﬁl'bﬁoﬁ?fboﬂ%@a'&:@”Ffum’rﬁh%d%@qddﬁalsutam|!b*bmyth0drhe CDR1
(SEQ ID NG 4Yom a(insfﬁ@térR mhe%bﬂrﬂ'% %%d)( %EQ]thQn- gwﬁ%nfoﬁ%e(?&‘? are

del i neated and the V, gernline derivations-are
Figure 4B shovisth'tsldédﬁwt @@bltl@i’é"@édf@rv@@fCSE@ $18n WEls fd) bemonamwiwvio aci d

sequence (SE h Vi r| ble re n o E2 human
m)gocl onal( Q‘t)EJ @h%b@ﬁ%s %ESH%B?%EJB%HE@‘@EI aﬂé‘j% rf%ﬁ%‘ '15151\?%)5 E%ﬁ' and
CDR3 (SEQ | D stem cakt)frcmegle(plasp!araebldedi isngdadséor anth dungodduantemeiger m i ne

derivatio%bs re in |cated Fi gure 5A shows the alignnment of the
S

am no aci ecrfhné?’nlan T t he heavy chain variable regions of F7 (SEQ ID NO

25) and F7GL (SEQ (])tﬂeﬁ‘ﬁ@turéﬂanmmdbihtdgheoﬁlum&ant disclosure will be apparent from the
following detailed description and examples, which should not be construed as limiting,
The contents of all references, Genbank entries, patents and published patent
applications cited throughout this application are expressly incorporated herein by

25  reference,

Brief Description of the Drawings

Figure 1A shows the nucleotide sequence (SEQ ID NO: 33) and amino acid
sequence (SEQ ID NO: 25) of the heavy chain variable region of the F7 human
30 monoclonal anubody. The CDR1 (SEQ ID NO: 1), CDR2 (SEQ ID NO: 5) and CDR3
(SEQ ID NO: 9) regions are delineated and the V, D and J germline derivations are

indicated.



5germine Vry 3-48 am no acid sequence (SEQ ID NO 49)(JI-16b gernmine

di sclosed as SEQ I D NO 52). Fi gure 5B shows the alignnment of the
am no acid sequence of the light chain variable region of F7 (SEQ I D NG

29) and F7GL (SEQID NO 45) vvith the human germline Vk 115 n acid
sequence (ScQ I" NO50) (1X ger-1 e disclosed as ScQ 10l D NO 53).

Fi gure 6A shows the al ]lE%;nrrent of the am no aci d sequence of the heavy chain

variabl e regions Gsupl I dowys s ngeleobds) sequsicHSEQ D D aRdpmpgyacidi t h t he
human ger m i ng, Mh¥e (§E@8ID6W@)”£’9&OPH1@ jﬁ%gﬂ%mx@?@goﬁ?o@% PPy 1- 16

germ i ne di scl osed as cg : ure 6B shows the alignnment of
the ami no acitorngelgodneedady. tThe QDRGHSEEHE ROV EYi @BRe (FRQYIB N 7Fed( SEQ | D

NGO 30) and Lne.. -am.no acid
Sequente- (SEQTE NGro) DLyl AR IR SR ELP R e Uil v e
7A shows the iadicagminent of the am no aC| d sequence of the heavy chain 20
variable regions of DI (SEQ I D NO Q, 1.D 43). with the
human gernline Vi ?'5“?24583}?%5%& '5’5'68“ esﬁﬂu‘eeﬁﬁee S(E&éﬁg ?\Tga“ﬁ%“ ol gerni i ne
di scl osed as s&ﬁ@nieRSE@ID’i‘?()) 26) of the hEd»glthﬂnZan&)lﬂ;Q*é@mhBﬁth@'F@%[lﬂErﬂt of the

am no aci d sequence of the ght chain varia | D NO

D1
31) and DI Q@mqeged B"N@dmf)he\ﬁqw kL lmnw@%ﬂ%ﬁm@w |_6|)5nda Ré acid
sequence (SEQEH: ﬂ@@%\ fegtont ae%melaas aflh 8¢ I‘omu%e%% J} N%m A

Fi gure 8A shows the al |gnrrent of the am no acid sedquence of the heavy chain
vari abl e egiwhentasf E2 (SEQ ID NO 28) and E2G. (SEQ ID NO. 44) with the

i sl osed s 30 SEG B RGVR RN SR ENE S SER LN YRR aphERER 201 { he
grzri no gciEczi GS_SEW_EH@IE(SEQ thi%i) iQbf the{hghtrthmarvnaztﬂlcgreg@gioﬁmecFD hE?aﬁ SEQOI gc:\lg
seéugzce (SE@‘? qﬂt‘?ﬁ)@g@‘)@y 11¢% Cé)%’ rﬁgﬁﬁgbgegc]‘gséﬁhg;&e%\é@ }i@ Fi gure

9 is a graph (IhoWSEY) WNEOb2TdEdIens0ie dlihbat{ddat4hdTvRBRN) g@hﬂl.b@gure%u&z,arﬁ Dl
and E2 to GEM cells that express native human CXCR4 on the cell surface.

5Fi gure 10 i é"‘%\“@"fdaph showi ng anti body conpetition for binding to CEM cells
bet ween FITC | abelpeé@rm gho%%@%h&o@a(ueﬁge @'E@) i) pen?fi) Ah aMoakR! ed

anti - CXCR4 hurman anti bodi es. gure IS a graph showi ng inhibition
of bi nding ofsefl@s%(ﬁﬁﬁépe\éo%Dﬁthﬁbemmeew%ﬁbweam of &XCRAumaman

ot bod o P Refldn o 5L 1R AROIRSOSPRS MNAT o
F9 and D . (SEQ ID NO: 11) regions are delineated and the V, D and ] germline derivations are
20 indicated.

Figure 3B shows the nucleotide sequence (SEQ 1D NO: 39) and amino acid
sequence (SEQ ID NO: 31) of the light chain vaniable region of the D1 human
monoclonal antibody. The CDR1 (SEQ ID NO: 15), CDR2 (SEQ ID NO: 19) and
CDR3 (SEQ ID NO: 23) regions are delineated and the V and J germline derivations are

25  indicated,

Figure 4A shows the nucleotide sequence {SEQ ID NO: 36) and amino acid
sequence (SEQ ID NQO: 28) of the heavy chain variable region of the E2 human
monoclonal antibody. The CDR1 (SEQ ID NO: 4), CDR2 (SEQ ID NO:; 8) and CDR3
(SEQ ID NO: 12) regions are delineated and the V, D and J germline derivations are

30 indicated.

Figure 4B shows the nucleotide sequence (SEQ 1D NO: 40} and amino acid
sequence (SEQ ID NO: 32} of the light chain variable region of the E2 human
monoclonal antibody. The CDRI (SEQ ID NO: 16), CDR2 (SEQ ID NO: 20) and




Figure 13 is a graph show ng inhibition of SDF-1-induced mgration of CEM

cells by anti-CXCR4 human anti bodi es F7 and F9. Figure 14 is a
graph showi ng inhibition of Ranbs tunor cell proliferation in viiro 15by
anti-CXCR4 hurman anti bodies F7, F9 and E2. Fi gures 15A-C are graphs

showi ng inhibition of Ranps tunor cell proliferation in vivo in a

subcut aneous tunor nodel by anti-CXCR4 human anti bodies F7 and F9. Figure
15A shows t he GREEHSEQIBrNQ 034 megiaps onstdslieqated end tieglisrd JigsBnisteales vitives aedi an
tunmor vol une growth curve; Figure 15C shows the nedi an % body wei ght
change. 20Figure 16 is a graph showing % survival of mce treated with the
anti - CXCR4 human aFigiscayshb9s it aligiReemn s thy siwiacidtseqiRicea e H¥pEedhainDet ai | ed

ronocl onal ant RSB LR (CERAP NP BSREE o0 BHD: Ao o eshanaii ch

bi nd speci §i cgbinlint 9,348 a6in b TR qGeHRIS D B RES Q) At Fhlide Bitids@fR | N
certain enbodi_ments, the anti bodies of this disclosure are derived from

particul ar he§59 B0 V@-ht chain gernline sequences and/or conprise
particul ar struct uFglrefs@ahblefhe Sk e%?o%rhﬁg'am}% c@?%rogn eirf%hp&rmtnl cul ar

am no acid sequences. This disclosure provides Iso odi es, nethods
of maki ng sucMarBdkregibodi B5(SEQRRMGcHN jpud BT @s ($HQI IDNSpds) Fitlcthmbleaul es

conpri si ng Sp%%uwmg hbodi es: and..Rhar. Tacephipals € gi.ligns contai ngE'Q. the

ant i bodi es, i fimuinoconj ugates or bl speci Fic- ol ecut es sbf™ Phi§“ i€ Ef ostir e.

Thi s disclidsulleNa):$d).rel ates to net hods of using the antibodies, such as to

det ect CXCR4, as | | 0 dul.ate CXCR4 activi,ty in diseases or

di sorders associ a}tl\g‘aur\ﬁn%?‘tf%g&'gﬁ"gésznbé%ﬁﬂaiﬂo8?'diSfYﬂ)‘GT‘i?ioﬁﬂ‘ethﬁ%"YC‘ﬁ(@R4/ SDF- |
pat hvway, suchvasabRasgehsof FOUSEO D@ SERSdFodH (YEQNDEGH! 49 withifd Mgt | on and
angi ogenesi s. Accordingly, this disclosure also provides nethods of using

t he anti CXCRABHAYIPHEHIPeE 1ine ik segraér 65 D NO: 07 @Sk sgimbine disdboscéranpl e,
to treat a caRegnpsushsyas breast, ovarian, prostate, non-small cell Iung,
pancreatic, thyroid, nmelanoma, nasopharyngeal, renal cell, |ynphons,

neur obl astoma, gl i bBwagBohews ihpaligiorepoefdbconng 2o dkouentkaf thekigbindyin

ost eosar conm, : N , i r 0i. eukeni a.
addi £ onal 1y RS BARYSERUDOO S A ot (R ENDY S0HE G RIRE s
ant i bodi es of gtrhilige Wi ¢ asinp acitl GeduahielfBEQUDIMID: SHETRS Lagilige did@bidas §eQ t hat

t he present dhiﬁll c_)[s> re may be nore readily understood, certain terns are
first defined ((:Pl f-onal definitions are set forth throughout the detailed

description. The tEgire 78X654s the AR nAtASoMBYE Ardinb Seid s&RERIITE theheAB! DHS . _
ort hol ogs @nd JaaLaI ogs. For exarﬁl e, .antibodies specific for CXCR4 may, in
certain cASesYEPEIE P LLO {BER IR NG and B Ils HENGY Adywithiéa bwosran. | n

ot her enbodi Np&nsine Vhe-RNiROiERquence (SEQ ID NO: 49) (JH6b germline disclosed as
SEQ ID NO: 52).

Figure 7B shows the alignment of the amino acid sequence of the light chain

vartable region of DT (SEQ ID NO: 31) and D1GL (SEQ ID NO: 47) with the human
25 germline Vi L15 amino acid sequence (SEQ ID NQ:50) (JK1 germline disclosed as SEQ
ID NO: 53).

Figure 8A shows the alignment of the amino acid sequence of the heavy chain
varable regions of E2 (SEQ ID NO: 28) and E2GL (SEQ ID NO: 44) with the human
germiine Vi 3-48 amino acid sequence (SEQ ID NO: 49) (JH6b germline disclosed as

30 SEQID NO: 52).
Figure 8B shows the alignment of the amino acid sequence of the light chain

variable region of E2 (SEQ ID NO: 32) and E2GL (SEQ ID NO: 48) with the human




specific for human CXCR4 may be conpletely specific for human CXCR4 and may
not exhibit species or other types of cross-reactivity. The term "human
CXCR4" refers to human sequence CXCR4, such as the conplete amno acid
sequence of human CXCR4 havi ng Genbank accessi on nunber P61073 (SEQ I D

NO :51). CXCR4 is also known in 20 the art as, for exanple, LESTR, Fusin or
CD184. The human CXCR4 sequence may differ from human CXCR4 of SEQ ID

NO. : 51 by hawdegine rl Baamp ecid seanaise (&2 AR DNt P OHEK beermlinadipoersd RnSEQ

non- conser veqryggi §js and the CXCR4 has substantially the same bi ol ogi cal
function as the human CXCR4 of SEQ ID NO :51. For exanple, a biological
function of hunan FigxGRA s agrirvhngingihedpidingpef anh-GXER & kamacakibediesrF 7domai n of
25CXCR4 t hat | ecific ound. by an .anti bod t he instant disclosure
or the biol oglﬂirgcsbgﬁ%flgggtt? ggﬂ%%ehﬁﬁﬁgeﬁ{péf(ﬁ? 'Vféur%"e Elhﬁé)" encﬁﬁﬁ Bt

i nvol venerst in th&igued BSisatgraphphoeag sntibody compeitpafdribtidingto DENVREICXCRA
sequence w ||, gener be at | t 90%jdentical in_amno acids sequence
to human CXCF?E%”@%@%(W a@TCm%ﬂH?%‘{Yﬁ: 2o maneh of enlabsied aprked khat
identify the @MaR@n@G¥dddssequence as bei ng human when conpared to CXCR4

am no aci d sequences of other species (e.g., nurine In certain cases, a
human CXCR4 may bé&'@we | eiast2raphoiowing ehntion of binding 604-1abaied SDBYto BEMI9%

i dentical in 2R, AckdcaRAUERE ElQdieSboQha BFQ ID NO.:51. In certain
enmbodi ments, a human ~CXCR4 sequence w I'l "di splay no nore than 10 ami no
acid di fférences ffnpme thie a@4GR4hof inSEQIHHIND. STHL -iddocdentcaimileniaddivent s,

t he human CX na i no re th , even no nore than 4, 3, 2,
or 1 anmino act St()j"f%/I}“léjﬁ;gﬁk‘g¥F?‘8?ﬁrﬁqwgd'6@X§8PgééQ I D NO.: 51. Percent

i dent i Ity C?P 3e d@ﬁ%nrm:nied g&ﬁ)hd\?ﬁﬂih%bﬁ%iﬁ@{@S@F{-ﬂﬁ?ﬂﬁcd&&ﬁéﬁia?i&DﬁfdﬁMr efers to
stromal cell-derjved. r 1, ich is a |ljgan or CXCR4. The term

" SDF- 1" encorﬁﬁ%@e@“@é?ﬁégém‘a’f %‘PB‘?'H%“S-’O‘FM%F-L such as SDF-1 a and SDF-|
p. The am no aci d FsR@PNGE crfph RKERNg IRbith TRaEE ARAR kelPGERRSRR (M FDer
NP_954637. The am no_acid sequence of human SDF-113 has CGenbank accession
nunber NA 000800 GXAhhemmaptibedies ioFYardfd bed in U S. Patent No.

105, 756, 084. SDF- k| l:S.C Q;xgg_- L ] i ' e of
human SDF- 1 can féfu?eesr 5?\ ?%ﬁat%r\%ebh%%]?i 0131 %legggﬁggzye%ru ﬁ’%t’geélgogggg{%ans

descri bed hergivivo firor suX@Retous tumor modd dy met-MX(Rinumenresipdis &7 anéf2rs to t he
action of, fq;rie hocyt es, .anti

X I I , ge resenti cells, phagocytic
cel I's, granul'oeyt Zi@ ngderf tPs{% ab) [émr(%ra‘éorl%% rg‘gltr}] ety ﬁEWBC%geS§Og§/t}Fﬁ%€%g‘Bove
cell's or the thinwerol{mngbuwdi tigveaRigvzodCatoweiht alednass bedydvesgmphawgent ) t hat
results ipn selective damage to, destruction of, or elimnation fromthe
hunan booi& of invgéﬁ”ﬁb%gﬁﬁﬁgﬁg‘?w‘e%lﬁ %”"6}‘?1P?g’é%é?aﬁfﬁfvg%gg&"wr}%%&ffbt hogens,
cancerous celtuan @htibddP FORSERaRbs FHERAIITIMBI dX nddepat hol ogi cal i nflammati on,
normal human cells or tissues. 20A "signal transduction pathway" refers to

t he bi ochemical relationship between a variety of signal transduction

mol ecul es t hagJilAD&cfiNich dilthis RS dos@rsm ssion of a signal fromone portion
of a cell toanother portion of a cell. As used herein, the phrase "cell

surface receptor" Thppfesriedisicpare whaaspd solared Ineoat!enal artibodespheixelsripf

oL el o320 o 5GP ISR 980k AUGLIS AN BRcl, Such @

surface recepkprisedbn thel pridsent cditic bosadieerts tHehmti RXGRAS this disclosure are
derived from particular heavy and light chain germline sequences and/or comprise
particular structural features such as CDR regions comprising particular amino acid
sequences. This disclosure provides isolated antibodies, methods of making such

30 antibodies, immunoconjugates and bispecific molecules comprising such antibodies and

pharmaceutical compositions containing the antibodies, immunoconjugates or bispecific

molecules of this disclosure. This disclosure also relates to methods of using the

antibodies, such as to detect CXCR4, as well as to modulate CXCR4 activity in diseases

10



receptor. The term "anti body"” as referred to herein includes whole
anti bodi es and any antigen binding fragnent (i.e., "antigen-binding
portion") or single chains thereof An "antibody" refers to a glycoprotein
conprising at |east two heavy (H) chains and two 30light (L) chains

i nter-connected by disulfide bonds, or an antigen binding portion thereof
Each heavy chain is conprised of a heavy chain variable re%ion abbrevi at ed
herein as VH) CafisPrderhaacsjatehwith camsersionnt CrEGHER InvelvengbaG  CRAGDY- tonst ant

region is ComphSgl st kbR AMRE Rttt v oiAtnfdd B gl | 1ont chain

is conprised of aTight ch ai n vari abl e regi on (abbreviate erein as VL)
and a |ight chegiegeasiss timaordmedy, gns dlﬂ'dh@llraeglﬁmtpr@\hausmerﬁmdsbﬁmmgtbgmmn is

conprised of Q%Rq aﬁ?ﬁghles%lﬁhis dlgcléélﬁlre (Preat canc:ei-J éor%?jnq gﬁ%ﬁ@f?fuﬁrﬁtag‘}%i‘[ %‘Vh

subdi vided i nt0 Teglons ervaria |I|ty,

det er m ni n§ r egirens o@ﬁﬁ) prostmhefoagsefaﬂeél Winz Mpah&gatRNthy i@ meRin8mADr €
conserved, terne 5fra vvor!k} ns (FR). Each VH and VL is conposed of
three CDRs an8™fB , TORF LY ggﬁp TSRS omey BIRIRSIOMS. car boxy- t er ni nus

inthe foll O\Akﬂﬁgdd?rﬁyd)@zircmﬁﬁl"olo%l IkidnEfRRste64aR8ma FidRie 1b1EfAeukERE, yar i abl e

regions of the heavy and Iight chains contain a binding domain that
interacts wi t AP aHeIF flemih Addiiest bmthis dsfileshes nopviddsencshds bbdingsheray

nedi ate the bp0diRBRATG &L 4 PHACEL ORI S i NSk hLggldec or [-Arlon,
10i ncl udi ng vari ous cel s of the 1 nmmune system (e.qg., effector cell s) and

the first conponent g\ of the classical conplenent system The term
"ant i gen- bY ndi ng p‘@roﬂeé at B pEaserd diskiosg map be mofﬁgmdﬂ?alnd‘trﬁi@@tycgtﬂmtl on"), as

used herein, fghersy f?s@d%f%d%dﬁ‘%ﬁa}fdéﬁrﬁmtafe sf% fofth &@M)B_Qﬂf{? bgfarctain the

ability to speC|f|ca y bind to an antigen as been shown
t hat the 15andésgaptiosi ndi ng function of an anti body can be perfornmed by

fragnments of a full}-lengt bi ndi n ra

enconpassed Wit hi nJ”{eH%m? (P}ﬁg?ﬁ P(ﬁ&%eﬁ "H‘%‘gﬁb Ha?ob P P8R O%%ng?l' gsrﬂ”gbody

ICII‘_ICI u(cjiec(l ) apdralbgd rfagBRmiple, amﬁﬂbﬁ&‘sl@;#eemc b @Emmg}a?(}:@%ér&ﬁ# BesOfrofsh@acyL, VH,
and Cl1 ragment, a bival ent fragnent

conpri si né} t Wy ngggfcf&“;{ﬁéﬁfi%'e P‘%E’éga‘bﬁ}m&”dll%ﬁtlh?i popimetisethaenitigdichi nge

region; 20(ii igecidic Fahumhh agigndt i ey t of
t he hi nge reglp)g(r}lE E:seeumFUNDAI\/EI\}’IpI'a L I&)h]p'e%])(?%;eemTC f@:jﬂu}ﬁaat@: %t"gqypﬁ{

1993); (i V) aewWf%pa@%toﬁ@mwpmﬂcrfgswcmw \”ﬂhesm “b]*ma!dﬁ?ié}Rﬁsrefe(rvyo a Fy
f t
ant Tbody, (vi g Rpec CRCKh, BEasiil HARRLE Sy o PR E el (RERs

whi ch consi st kaverig Genbepkchsagssing némbquGa@Vﬁ@éQdD@éDchDrpCHﬁiEHtiamctlymwn in
25det er m i ng [ (%E chain var| abl e
regi on co%t% ai ‘r‘{?ﬁ’ga%%’ vari “‘g?ﬁé’g'aéﬁgmﬂ;ﬁ@e%‘“&gﬁ@%nﬁ TFOHRT A

Furt her nore, aff’erh&mghumheChm%bﬁﬁﬁQﬂDm 1y Hayink I fagemniple, Masanel VH are
coded for by separate nes,. they can oi ne rec nt et hods,
by 5 synt het | CRTHRGE "R SRR Qe HER b &L Nedas SGE T b n
chain in whi claneibeolMical AN d-hsRGhANS cpmm bOSEQIINIPROV beRtmaRnp! ecul es
(known as single chain Fv (scFv); see e.g., Bird c/al. (1988)Science

242: 423- 426; HAGeEpidyRstiopi %mean(@é‘é%ﬂ Pr*@&mAé&ap@@Pm isacteselBGTdoBg83f . Such
singl e chaj n @rERbodh %%p@eﬁﬁcaﬁy%&da%%%@b&dggbﬁae%&ﬂggg?é@% i n the term

"antigen-bi ndi ng portion" of an anti bod se anti ragnents are
obt ai ned usi ngjological function of human CXCR4 is chemokine binding or involvement in the

metastatic process.
A particular human CXCR4 sequence will generally be at least 90% identical in
amino acids sequence to human CXCR4 of SEQ ID NO.-51 and contains amino acid
30  residues that identify the amino acid sequence as being human when compared to
CXCR4 amino acid sequences of other species (e.g., murine). In certain cases, a human
CXCR4 may be at least 95%, or even at least 96%, 97%, 98%, or 99% identical in

amino acid sequence to CXCR4 of SEQ 1D NO.:51. In certain embodiments, a human
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conventional techniques known to those with skill in the art, and the
fragnments are screened for utility in the sane nanner as are intact

ant i bodi es. An "isol ated anti body", as used herein, is intended to
refer to an antibody that is substantially free of other antibodies having
different antigenic specificities (e.g., an 5isolated antibody that

specifically b CXCR4 i.s ,substanti al | ree of. i badies t.h

shect 11 cal 1y BIGRT aiCrenat STRET " Risr b SRt BBleLEE B BT Hha
specifically djiSlEansIéﬂéRORal.mrmamlh@m?@ﬁmeMaﬁl& s CXERC Y dikpay Bo BbRer | ;
antigens, such as CXCR4 nol equl es from ot her species. Mreoyer., an_isolate
ant | body na\:{(;%% SOBEIieir ek ot | !f;ng;fwiﬂﬁfersnﬁafrﬁmjcaﬁtafgrzﬁé
rhFmrals. Ol &1 MBerccHDIAOH 1P B be Rk dEcribd®PR&4EnONal  anti body
conposition” as used herein re?er to a preP?aSrat(i:non of anti body nol ecul es of
singl e mollecul ar ddspasi SPENL” raferrdpsledrom atl-dertviep por dowpisls istd lmandifes pl ays a
si ngl e bindi Cirfl Gt Yorg» af fini - parti cular eplto The term
hunan anti bagse Raih S YRd Bicohists ARG <R iPEbMEY SEE- CRlaEgpEa

15havi ng var i 8ISOF-HYi THSninb i @hudied b Huhfn fSDFTRsIGeApshkGORskiggi ons are
derived from human germ ine i munogl obulin sequences. Furthernore, if the

?ntl bﬁdy cont'&'gﬁ’sf p%sﬂéihn'fbf;gi‘ﬁl?%ﬁwd ﬁ:eh@?né@)ﬁfsh?gm Sj?gm)wsé}esg“zf der:cv;aﬂ.
rom human ge : ot el [ ences, . unan, ant, €S 0 is
di scl osure naa;? |S%'§ﬁﬂhe aﬁn&ﬂo am'dﬁ?@g?gﬁgg’ ]?1(33'? e%gé%ggpfﬁ@gj%n&n‘ c(f:jerrri i ne

i mrunogl obsul i H7Beipde SOES! i elsg kpov@OasU8E L B ST hentniacisaked qlyce aitdatim GDF-
owever, t he tETHUREh 8 RPF Gt D5t eR ARl % R Frtiea o

i ncl ude anti bodCrs, i n whi ch CDR sequences derived fromthe germine of

anot her mammal i an _speci es, such as a nouse, have been grafted onto hunman

framewor k sequencdd¢ IIBTHRMYRS KIPOREMEHEREMBE reipRI oL AT BB lymphesydest o

anti bodi es di @9%«% BnneSdeNd IpBadde et s SPBGICEY 6], hid soMbICRaliaMBIeMals abl e
regions in which both the franework and "CDR regions are derived from human

germ i ne Pmmuiedicebby tha abevggellrcasdhe livsr Ondudimphadivpdipg cyteiseshyidan nonocl onal

anti bodi es arc%m%'ie%ﬂﬁ‘%ﬁaz Do s iHXQFéu@gH?mé(géit&*he'&tﬂﬁlib’r?’@fsoraeli%aﬁa‘?i'ob Qpt @k ned
animal, e.g.,” a’transgeni ¢ nouse, having a

froma transgeni'c nonhunman
genone conpr ilsimg badhofravadimeaathogéna) el oransyps mde@ettwah patiydens haicerobs ansgene

fused to an i rtalized cell. : he term "reconbi nant, human

ant i body", asC%Hgé’B hEPE ?f%“iohféﬁnﬁ‘aa’smé’ﬁ-l;oﬁ’&‘ﬁg]dg@%{?'}’?}b"&i 'é%rmf‘h&'tmaarcg”qurepar ed,
expressed, crigaieed or isolated by reconbi nant neans, such as (a)

anti bodies isolated froman aninal (e.g.. a nouse) that is transgenic or

t ranschr oifosonal _ f%rs'gfﬁ%ﬁ’s‘i"}?ﬂﬁ’hlﬁﬁ\‘%ﬁuIW%”Q%W%”%?‘“%[‘%WF‘F%W& bEFERAS ed
therefrom (deggedREG AU LRRLARAIWoulds Blar BIRY b RAEIARe h3RIALRH of h GFhA host
cell transformed to express the human anti bodﬁ, e.g., froma transfectons,
(c) anti bodi €& geft Rreen giragal & Boteopistieraefta cell o iupritheraimtherbman "&Ht | body

i brary, and J i r _ ' i 5.0l by any
ot her reans. tha e B o B S o R Pk RO LB Y
ot her DNA seqiesreess Suwhl adobmtpinsaissiohafrash anighifediossthhakeny acinabhe
régions 14y \A’ndf%r}eltl.hgnfe:ﬁa@n%‘?c\:’\gfrak"cg?gur%rercg Lo thg%ﬁesg?ﬁfsg]eguré Qra @J{'ERQ
gPrrnline”i nmunogi ntim T n 'séequences. Th Cértarn é odi TEATE!™ Kowever,  10such
reconbi nant hweesprorant i bodi es can be subjected to in vitro nutagenesis (or,
when an ani mal transgenic for hu I equences i s used, |.n vivo sonatic
nut agenesi s) and talﬁ'_ﬁge”in_hémﬁ’r‘i’fjhoasg&neae‘g‘é’fi\ﬁgﬂfb@%'“%?s Whele pEPAtEF AV *Pegi ons of

t he .r ecombi namtigadihipgdir@nent (i.e., “antigen-binding portion™) or single chains thereof. An

"antibody" refers to a glycoprotein comprising at least two heavy (H) chains and two

i 30  light (L) chains inter-connected by disulfide bonds, or an antigen binding portion
thereof. Each heavy chain is compnsed of a heavy chain variable region (abbreviated
herein as VH) and a heavy chain constant region. The heavy chain constant region is

comprised of three domains, Cyl, Cy2 and Cy3. Each light chain is comprised of a light
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are sequences that, while derived fromand related to hunman 'gernt ine VH and
VI, sequences, may not naturally exist within the human anti body gernii ne

repertoire in 15vivo. As used herein, "isotype" refers to the
anti body class (e.g., IgMor 1gGl) that is encoded by the heavy chain
constant regi on genes. The phrases "an anti body recogni zi ng an

antigen" and "an anti body @em fic for an antigen" are used interchangeably
herein with tﬁ'é’"ft‘é?t”ﬁtﬂfa%'ah phyedstedbsren abwmdzdgbe@tafmc@astw reggora il he

antigen.” Thehélﬁrcﬁ@l BAHERA: ARk RAdY, ﬂ?efd'o‘f%% dStrain," nLtI an;y] anél %{? Jped form

of the human antibody, e.g.; a conj ugate 0 e’a er agent
or anti body. hurthesrsnbdind phml zregioanefi Hypm‘yanabehty,rmtrmndIadnmlanem:ir&y to

anti bodies in rived fromthe ge ne of

anot her mamma %"\@éfh“%}p% YN (%%%img%”p&rﬁ@ﬁ’ét re%ﬁa%arﬁé’éq{e@‘?rﬁ 'SHES human
framewor k Seqfteneesk rdgalis(FRN alack VaRRIWY k dorgbea ofbRlid CIORY 4MaTsu A% be made
within the human f%ﬁamework sequences, The term "chimeric antibody"

i s intended t Y PEFEYOT ST EBOATES Ci‘rﬁo’%tefﬂ"ﬁ’”t‘h’é theadiofl awing ordsgi B! §&Rdences

are derived fFRIMGDW, FRECCHA3 AN tHR vaRbH @Bond agh@ﬁha%‘?mﬁ%W e derived
from anot her species, such as an anti bod% ih which the varia Oreg| on

sequences ar SRR Y RINE GAmain ks tnseragis Wibbe andisen. t e contiartt aqgions efjihen

sequences ar e,fiBkkivesaf O (YR ARL LA noASL MRS HBE SR, AR, 20 i body
that "specifically bi nds to nurran CXCI% Tsr ﬁtgnded t“% Feref fo°&n

anti body thatinpldidg V@roommnlamf@)edﬁmunasmttqw@g leifpciGXERY dhd arafirane or nore
non- human spe ntially bind to non-CXCR4 proteins.
. n%dnﬁn%}tn%rﬁkélq?gtet%e crﬁ 8 ca ? g ‘\{?

In certain e an an €t ant disclosure specifically

bi nds to human CXOR% tefn sacgehm;mg, pobdonOiof &h Mdibb@Nfor igheahulRgef erably, the
.anti body binds to Sturran XCR4 th a KDof 1 x 104 Mor |ess, nore
preferably 5 ROTUYU) R Bicd|NEEW, ressipioPns oe maredmenents,ef amangihpdy thpigsiain ther e

preferably | xablify BMpeEifit25%ind@YaR aAIieR (4. eERCRR) i ﬁas%eér@{lo&gt £83: The term
"does not_ substantially bind" to a protein or cells, as use erein, means

does not bi noa”@lge‘lj@éé‘"&é‘tnchmﬁ apjap b ogly Isprybe reef fior rntdtlw fragmenis ofin Gt elengtbr
cells, i.e. biRgsdt @Xtaggielg\)ﬂg%gdrtg%gé%}q&ltg e?tcé%ﬁa@ ET“ thli x.10-6 M or nore,

? term 6nt$ﬁ1
nor e preferably 17°x ( 0 nore pre era 1 or nore,
mor e pr ef er abtgding gorgen"1g Nk entibgdy @cludy Eha Fab fragment, a monovalent fragment

consisting of the Vi, Vi, Cy and Cy1 domains; (ii) a F(ab'), fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region;

20 (iii) a Fab’ fragment, which is essentially an Fab with part of the hinge region (see,
FUNDAMENTAL IMMUNOLOGY (Paul ed., 3.sup.rd ed. 1993); (iv) a Fd fragment
consisting of the Viy and Cy1 domains; (v) a Fv fragment consisting of the Vi and Vy
domains of a single arm of an antibody, (vi) a dAb fragment (Ward e/ al., (1989) Nature
341:544-546), which consists of a Vi domain; (vii) an isolated complementarity

25 determining region (CDR); and (viii) a nanobody, a heavy chain variable region
containing a single variable domain and two constant domains. Furthermore, although
the two domains of the Fv fragment, V,_and Vy, are coded for by separate genes, they
can be joined, using recombinant methods, by a synthetic linker that enables them 1o be
made as a single protein chain in which the V), and Vy, regions pair to form monovalent

36 molecules (known as single chain Fv (scFv), see e.g., Bird er al. (1988) Science
242:423-426; and Huston e/ al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). Such
single chain antibodies are also intended to be encompassed within the term "antigen-

binding portion” of an antibody. These antibody fragments are obtained using
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nore preferably 1 x 10 M or nore. The term "Kassoc" or "Ka", as used
herein, is intended to refer to the association rate of a particul ar

anti body-antigen interaction, whereas the term"Kdra" or "Kd," as used
herein, is intended to refer to the dissociation rate of a particul ar

ant i body-antigen 15interaction. The term"KO", as used herein, is intended
to refer to the di.ssociation constant, which .is obtaiped. fromthe ratio of
Kd to Ka (1. EOMeRHPHLFeapiter Shoup iodieser sl indhert. citiae FEBRETHHE (M. KD
val ues for anticbdifesutitianinige Gelehdhaed alShie mebhpds wel | established in
the art. A preferred nethod for determ ning the KD of an antibody is by

using surface pl asyioroREdoREPRAE, . B8 METIdEm. y EPery ta rdFrde emanivody e such
as a 20Bi acorsgkdidniaphEBE other antibofits H@g@y&ﬁ&@ﬁ&ntsg&%&pg iHﬁi’Eig(E (%%-_- 3&/}” nity"

for an 19G antibody refers to an antib avi ng or |ess,
nmor e pref ér absojatsl sntibodyshkiopedikedy bevel XtiBdas prbefaeralyifiee bk 40ib8dkothal ess,
even nore prefer 5 0-9M.or.. |l e ven re.preferabl. x 10-9M
or less for Ss'p%g?%g%/bgﬁépé%eﬁ‘? Oﬁblgﬁ/\%%neé,ﬁcﬁﬂfg'ﬁng %aﬂaﬁia{: glb%dﬁithr%f%ﬁ%ﬁéw 25vary
for other antbie @X(RDinyydsweFedrhaex i @activity @hothdrfantideny, sud [KANXCRS or an

IgMisotype refers to an, anti body having a KD of 10-6M or |ess, nore

p?ef erabi y 1 ol fﬁogg@beréewsn&%wo%glérsagrfy appbady ey de suksinfially fesd

herei n, the tgbMer SUblaeshieribiNGhMdaSAMYs human or nonhurman animal . The term
"nonhuman ani mal " _includes all vertebrates, e.g., mammls and non- mamal s,
30such ast®nonhumad bpkraateancckrdastibeiyger "reaoslondl optiwdy cempesitiashpeiksenhs,

anphi bi ans, n | - ri .S, ' ' psurge are
Gescri bod | nFOrHSSy HERERTyn o pn sl i AP R RO o tlie REiiBR &y
Ant i bodi es  monocloii entaridy bod pesgtical didpiays diisglebsudire speafictyandeffeity fed by
particul ar furgﬁitciulgpglitofgatur es or properties of the antibodies. For
exanpl e, the PNt I"Bod'€8% bi nd to native Shuman CXCR4 expressed on a cell
surface. PreferablMe tean "Bunharbododyf', dshisai itk liomunecdaoittudean@¥3R4 Wit h
high affinity, for ex le with.a KD of 1 x 104 Mor |ess. The. anti- CXCR4
anti bodi €8 o aY’H$§aféﬂbgegfp%i8'ﬂﬁr‘8“g“f°g'fbé’ﬁh‘8?{fa‘EQ‘HP%i“Pd8??@‘ GB1ORb#"E At Vefl frem

foll owi ng chaumeh ?éﬂnﬁffrﬂ:ﬁﬁmunoglobulin sqqueqc(ag)slbiheﬁhﬁd?g_ime antibdy PeHFRRS LXCRA
expressed on a cell surface; 10(b) inhi bltlggebl ndi ng of SDY:-l t o CXCR4;

(c) inhibiti ﬁ@“%ﬂtleﬁiqnnﬁﬁé@ﬁt%‘hﬁéloﬂrﬁsﬂlif‘u‘i@ﬁf“ em|hgmax geredias ng CXCR4;
immunoglobulin sequences. The human antibodies of this disclosure may include amino
acid residues not encoded by human germline immunoglobulin sequences (e.g.,

20 mutations introduced by random or site-specific mutagenesis in vifro or by somatic
mutation i1 vivo). However, the term "human antibody", as used herein, is not intended
to include antibodies in which CDR sequences derived from the germline of another
mammalian species, such as a mouse, have been grafted onto human framework
sequences.

25 The term "human monoclonal antibody” refers to antibodies displaying a single
binding specificity, which have variable regions in which both the framework and CDR
regions are derived from human germline immunoglobulin sequences. In one
embodiment, the human monoclonal antibodies are produced by a hybridoma which
includes a B cell obtained from a transgenic nonhuman animal, e.g., a transgenic mouse,

30 having a genome comprising a human heavy chain transgene and a light chain transgene
fused to an immortalized cell.

The term "recombinant human antibody", as used herein, includes all human

antibodies that are prepared, expressed, created or isolated by recombinant means, such
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(d) inhibiting SDF-1-induced mgration of cells expressing CXCR4; (e)
inhibiting capillary tube formation by human unbilical vein endotheli al
cells; 15(0 binding to hunan CXCR4 with a KD of |x10-7Mor less; (Q)

i nduci ng apoptosis in cells expressing CXCR4; (h) inhibiting tunor cell
proliferation in vitro; (i) inhibiting tunor cell proliferation and/or
i nduci ng tunor optosis in vivo; 20(j) inhibiting netastases of
CXCRA4+ t unor éfﬂg é““baﬁ'&? HP‘atEQ)fmm’r@a@qlrﬁ@gsmmuvéthat i ff@nsgEnin OCXCRA+

t unor - bear i ng yarRh®&tosomal for humald 1&1)%(%%!551:??@%% FTPA‘WW%% rQ:E)arg H%re?f this

di scl osure binds to native hunman O on a“ce 0es no
i nhi bi t bi ndi képs@tbespther badovOXGRantdredisd selrtadditom mhospid! tSiBEf'-oﬂmtd‘ldldﬁ[ﬁds

cal ci um fl ux eSSI es..n it 25SDF-1-i nduced
i gration of :[:Hell ?ahéﬁt%gg %ﬁans?e‘:%&ahgs tﬂ%’gﬁf EFB frogha ant i body of
this discl 6surfe:oinbmd|$t ¢amhmaanor\aehﬁmmnﬁ‘a(@%r@pl aAd ¢®lahtiSdi s epand does

i nhi bit bindi ngg{ dss - d XCR4 a oes inhibit SDF-1-induced cal ci um
flux in cells SXpPes&iAly @@@éﬁteﬁﬁ’ Yo e RNg e By espiicing phiimsad i grat i on
of cells exprasmbng!BXERdenclsByshdes ko QhHTINLTRRAGHITENE Soh BN AMhDRM.Of this
di scl osure bi ndsboto 30native human CXCR4 on a cell surface and oes i nhi bit

bi ndi ng of SDEM|Pofigs paxeranabiswgegae® Winth th frasprork aph B0Redgiond att devived ux i n

cel I's expressigg }r;xnc;Rza,Panctpdg@sndm,,m becabed hRduged..m gration of cells
expr essi ngOCXCR4 In Still other -enbodi nents, an antibody of ‘thls

di scl osur é9bi AeFs recomMbziervRINTag Blb odiXCRM Emnsub;ecxed lo ms'wroframegenehne(sr iwHah bi t

bi nding of S nduced cal ci um f |l in cells
expr essi ng C)QERIE%%&%%%H fﬁﬂ@%ﬂ?igwen ’835?‘# 4 At oRape mB@B?@S'é?ﬁFjessi ng
CXCR4 and doethuk tileiabiirto aajichheates of theeV f ordnatrb@ensyf tRUYESSinaRY Sfesal vy, an

anti body of this disclqsure.binds o human CXCR4 with a KD of 5 5x 1(:)-8M
or |less, bi ndsrets%q“ﬁﬁ%ﬁ' %F& deived @W%gﬁﬂ“‘@dBPWaBIWW"“FéIS{sa”dMndS to

human CXCR4 Widgber@ed<B a0 hotnaXurdif- XM Mithin@FShunkiinRflShdd %gleHmfa é?é%g ith a KD
of 4 x 10-9M or less, binds to human CXCR4 with a KD of 3 x 10 or | ess,

or binds {® htf#&n CXCR4 with a KD of 2 x io Mor |ess. Preferably, an

antibody of the | n%sl kel ﬁer@r‘nnqéd‘ﬂ)e@ﬁefégﬁ) th %rﬁsbgﬁ}nﬁﬁh g%% rIgGil)q nSlI\E/ICg? for

inhibition of 50 nMor |less, nore prefera
| ess. or 10 nfceded bydhe hegyy hamtonstattaeson gﬂneﬁ nivl or less (e.g., an EC50

for inhibition of ﬁ]%pfﬁgs&lvla%nd ?ﬁfhmgé"d%%%%}“"ww Qar, ‘f'm?%‘? QQOdg[ﬁﬁeCifﬁq frrng or

| ess) Preferably, an‘antibody o oSure i"A Huced
cal ci um fl ux #mantgen"srevspd esschggdabiyhercCXCRA theitdrtn "am aliGo0y fudichibndas bi ti on of

3 nMor | 7S spgaﬁgally to an antigen.”

The term “human antibody derivatives” refers to any modified form of the
human antibody, e.g., a conjugate of the antibody and another agent or antibody.

The term “humanized antibody™ is intended to refer to antibodies in which CDR
sequences derived from the germline of another mammalian species, such as a mouse,

25 have been grafted onto human framework sequences. Additional framework region
modifications may be made within the human framework sequences.

The term “chimeric antibody™ is intended to refer to antibodies in which the
variable region sequences are derived from one species and the constant region
sequences are derived from another species, such as an antibody in which the variable

30 region sequences are derived from a mouse antibody and the constant region sequences
are derived from a human antibody.

As used herein, an antibody that “specifically binds to human CXCR4” is
intended to refer to an antibody that binds to human CXCR4 {and possibly CXCR4 from
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15preferably 2 nMor less, or 1 nMor less, or 0.9 nMor less, or 0.8 nMor
|l ess, or 0.7 nMor less, or 0.6 nMor less, or 0.5 nMor less, or 0.4 nMor
|l ess (e.g., 0.9046 nMor less, 0.5684 or less, or 0.3219 nMor |ess).
Preferably, an antibody of this disclosure inhibits SDF-1-induced mgration
of cells expressi ng human CXCR4 with an EC50 for inhibition of 50 nM or

| ess, nore 20preferably 30 nM or ;ess | ess, or, 15 nMor |ess

or
(e.g., 18.99 9MobMmofe-hugan fpecis) it dpesdey S%Sta”“f‘?'yéf“éﬂriﬁia?‘ﬁ WEOIEIHS.

eval uat e the jRicBeiNImBEdIMbALY, aﬁfamt;my@memaine@,sélgéa%s%eaﬂédnywaywn CXCR4
expressed on a cell|l surface are known in the art, including for exanple,

f1 ow cyt orret ripmeA&IX SR &0t B HOcél pr 2 V?rs@mtth@neofné’tr@f?rablwh@&rﬁrb@ésb»gdsnat ive

CXCR4 or that, f & e abl e
assays are des%?&%gggﬁﬁqdﬁ% ?ﬁf ?ﬁ% %&Sﬁp{ 'ﬁgre r\c{]?%r q?Alzcel r"*%. ne t hat
expresses natmare pEXGEAy 3 ltOF?éA CENEs] meed ;breﬂeraha ] Sud {)Mtxiréesa,swaymofeor

eval uati ng |nh|p l¥0§ g(ﬁ] lgfr ng of SDF-1, inhibition of SDF-1 induced

cal ci um f I ux, P"FREPBI 1 °"$PE-1 i nduced cel |l nmigration, inhibition of
capillary tube formmtdran dbys ddum‘beanndlmuﬁt’ kONpRieiARARNNESE SsetMe@Rl | S
expressing CXCR4 in vitro 30and/or .in vivo, inhibition of gromh of CXCR44
tumor cel s i'can A9esaabbiad of §pey nerdindanid) Hizh ARINEY {9 BA PekeinBt wls.ases of
CXCRC tumor  oglds; alGr@kia Qr AR GHiinkaE, LM dedaid orinfbrl ReorEXRIPILSS 1 x BhPdi ng
affinity of the antibodies also can be det ermi ned by standard’ met hods, such
as by ScatThardnanarys peferabiphadPohabr merei hodipesderaily 100 DM opmdreEgven
Preferred ant l.gsure are the human nonocl onal antibodi es
F7, F9, DI ljag'ﬁgkeq??%pe{te I\gl|3§ght ?uctural |y characterized as described in
Examples 1 and 2. TReecrMlKl...dniriiE. aes thes beramncesenied Forrefdr 8y thBhssacistidn2 ar e
shown i n SEQ and 28 r ec |ver The L ,amno acid
sequences of r.a_fgo @amﬁlﬁa aﬁ@b%ﬁ' é%'ﬁ&?vﬂ‘f“%“%é Kog OF3bhe” &Us5hg 32,
respectively.heAdilii§ inconadd g refed tbelierlﬁSst@ncanﬁtlaB)f@barﬁZularFaﬂanay a&hﬂglerEZ, in

whi ch certal n framework residyes were substituted with a gerniine residue,
vere creabed 'BRECUPE FREIEPT dep 35 UiEH RAHN.E INteneed 1opgiEr to IS @psORACE2 QL The

VI, am no acdnagAUSREss Blfed Fbm tEQRR of KDloG @EIKFRGlan@NSxploNA {0 SPQA D

NCB: 1041, 42, 43 and 44, respectively. The am no aci d sequences of
F7GL, F9G., Dhol@ coaprhtmiay (M &mw&qurmn@@@eﬁmr\l&detmmedesmgme&mds 48,

respecti Vel Y. vei ouaptisi®h € LA £AEOhhARE 10 AREHES AN ka0 OXORA,

the V1.1 and sequences can and nat che {6 creale of

ant i - CXCR4 b|tryd43ng soh@eldseon ofsotdnics pdifgatpssinga bIOXERA shiterdisngy o such
"m xed azﬂ) mal%/I s antibodi es can be 15tested using the binding assays
descri bed "ab @coéi%dsyl "t he Exanples (e.g., flow cytonetry with CEM cells).
Preferably, when 4 aadhevinahaicns “meR affinkgdfonnt igtintibed, refersvd .ah asit@dence
froma particul ar [ im

/V isre thea structurally simlar V
sequence. k'@\)ﬂ“éé ftelf"éf%t}}dfrges’iﬂf“o’% ﬁ%é%g%wf‘rl&ﬂ\%‘” Eﬁsﬁ"éﬂlf“é’fé/v i/ VL
pairing is r aRtRE&SH Wl@hl\/ﬂoﬁés}’suﬁ%iﬂﬁ"@}é PrefSiablyl 28 104 M o5 @GYBRCEen more
20Accordingly, in one aspect, this disclosure provides an isol ated

monocl onal  antr¢seaY, 1 o0 aMtqrdﬁéﬁf%aﬁ%ﬁgnwm Hoteydie hedrafimiip i nglinggpan
25 vary for other antibody isotypes. For example, “high affinity” binding for an IgM
isotype refers to an antibody having a Kp of 10°° M or less, more preferably 107 M or
less, even more preferably 10% M or less.
As used herein, the term "subject” includes any human or nonhuman animal,
The term "nonhuman animal” includes all vertebrates, ¢.g., mammals and non-mammals,
30 such as nonhuman primates, sheep, dogs, cats, horses, cows, chickens, amphibians,
reptiles, etc.
Various aspects of this disclosure are described in further detail in the following

subsections.



(a) a heavy chain variable region conprising an am no acid sequence

sel ected fromthe group consisting of SEQ ID NGs: 25-28 and 41-44; and

(b) a light chain variable region conprising an am no acid sequence

sel ected 25fromthe group consisting of SEQ I D NGs: 29-32 and 45-48;
wherein the anti body specifically binds CXCR4, preferably human CXCR4.
Preferred heavy and |light chain conbi nati ons incl ude: (a) a heavy
chain variable region conprising the am no acid sequence of SEQ ID NO 25
or 41 and a I%ghtcgﬁé ﬂsg@gdllgbl e region conprising the am no 30acid
sequence of S or 45; or (b) a heavy chain variable region
conprising the ani e Emtlbdd:&eﬁ'mbndsclofurﬁﬁé)chdﬁckdﬂzetﬂﬁy partidhiPar dimditiandl i ght chai n

o (e) o hedy PRV LAR AR ATLARE P N Rl Bt e Soauence

of SEQ I D NO hmamcmazzanﬂe@ecﬂ brgmenoﬁnafm wperabﬂyearmgbw} &’qnmﬂsabsngz the
am no acid se a heavy chain

vari abl e regi gﬁsncerﬁf(f){:gq R hthﬁé “g'l’ﬁ'ﬁofoéé’ﬁ’df‘%%\‘,[ﬁ'éﬁg@ b XS‘QEQ" pOeNOTh28 or 44

and a |ight chai cxxcawaahm,gs%mmlmrapw@fgbgf&h.amoﬁl@o%argomguence of SEQ
ID NO 32 or 48. I n anot her aspect is disclosure provides

ant i bodi es t hitlowéngrhprgetetisissheavy chain and |ight chain CDRls, CDR2s and

CDR3s of F7, F9, D\ @h4k ,.np,n.vgwm;m b hereof . Jhe & no aci d
sequences of the V¥ BE % f k7, F‘QP QQ%’é‘% 'T? ,s"hofa%nl n 10SEQ | D NGs:

1- 4, respé@tiveIy.(bThérhamngrtonchng@FSﬂﬁqhe:rﬁE§Ré;f the V CDR2s of F7, F9, DI

and E2 are shown i S .lD :.5:-8,, respectively. The a Cld sequences
of the VH COR3s of & %%HHE"E‘? aleum flwogs il S QRESTEE nh%@]‘%sa 12,
respectively. The (aimrmama@@Bm@e&aﬁ.gﬂtt,ohbece%e%m efxdis; F9, DI and E2
are shown in SEQ I g&s 13-16 resp ctively. The am no acid sequences of
the Vk CDR2s of F7.®) paubifipg capilagyjybe R RO SHRAD HmBice! o ngogethaiml 20,
respectively. The @mino acid sequences of the Vk CDR3s of F7, F9, DI and E2
are shown in SEQ I D NOs: 21-24, res ectively. The% CDR regions are

del i neat ed> usi ng t GEPirGiRAto heynen EXQRdawMh 2 K of Ac107ad oaless; (1991) Sequences of

Prot ei ns of | nmmung I , U. S. Departnent of
Heal t h and Human S(Igysl:'@gisng aﬁﬁﬁ?ﬁﬁshlcf@ﬁxﬁ sl?rﬁfoékg§43242) 20G ven that each
of these antibodi e®) mzhrbitblgrtcmbloceﬂ:mmeferamrdw it néito; ant i gen bi ndi ng specificity
CoRb. and CORS sed aﬁ@ﬁ%ﬂn%wm O B B o S L Rl RS N be
"m xed and mat ched¥vdi.e., CDRs fromdifferent antl bodi es can be m xed and
mat ch, al fhough each ti body nust c CDR |, CDR2, and CDR3 and
a Vk CDR %6] a@) H‘%E’ES%F% tasfadescqféﬁ?(é%btt%?r 5% PEECRA bi ndi ng Mol ecul es

of this di scl osure(k) aXiehdnbiundl A1 Ginffof 8 USITR 4T RsH-RAG JRbeRed” anti bodi es
can be tested using the binding assays descri bed above and in the Exanpl es

(e.g., ELISAs, Bi dB6P&YP ymaenGys &y antphody @F%I%ysclwréﬁ gk [0 IPDRE Bwefliences ar e
m xed and mat eRed ohr&%e%ft;e b I3s AN S SRS %{:ggﬁ%ﬁd B bCUl ar

VH sequence is repl aced a structuraliy S sequence s
Li kewi se, whemh¥ik SEHR! ﬁéfqt—:@rr@@@naﬂex mcxléﬁdewmdsm@tikﬁﬁ@d ang h&s(ﬁmnhabnt- CDR2

and/ or CDR3 SgGHSNfGcES A AT LLRU Blesst CRORENCoRE ELEEAREYs 5 T ep! aced

antibody of this disclosure binds to native human CXCR4 on a cell surface and does
inhibit binding of SDF-1 to CXCR4 and does inhibit SDF-1-induced calcium flux in
cells expressing CXCR4 but does not inhibit SDF-1-induced migration of cells
expressing CXCR4. 1n still other embodiments, an antibody of this disclosure binds to

30 native human CXCR4 on a cell surface and does inhibit binding of SDF-1 to CXCR4
and does inhibit SDF-1-induced calcium flux in cells expressing CXCR4 and does
inhibit SDF-1-induced migration of cells expressing CXCR4. In still other

embodiments, an antibody of this disclosure binds to native human CXCR4 on a cell



a structurally simlar CDR sequence(s). It will be readily apparent to the
ordinarily skilled artisan that novel VH and VI, sequences can be created
by substituting one or nore VH and/or VL CDR regi on sequences with

structurally simlar sequences fromthe CDR sequences disclosed herein for
nmonocl onal anti bodi es anti bodi es F7, F9, D and E2 Accordingly,

Santi body, o SR G0 DAY Bor Tt REF Rt b RO Sy e Bty

heavy chain vardialtle e&p@bs@fg CORRY, dbesmnmalsmg‘ amdamdnmgaqwos&qyence

selected fromthe gr onsi sting of SEQ (b) a heavy
chain vari ableép?eéij”%)axébﬁ& ‘i%‘h‘%r”l hfép‘é]ﬁ‘)’atﬁf’%@”ﬁﬁloﬂ b§éﬁi}@&§e sel ected from

the group consi stipdge@bly SEQnki %dy%héal@csos%%mdsq?h&ﬁyycﬁbﬂw arkakke

region CDR3 conpyising an amno acid sequence selected fromthe group
consi sting ofx Eﬁl':BQ/IIQDldSD@mdQIOI@man CXCR4 withi Ka 0fi Zph1 0 ChHanir hesw,ahriridaltd e regi on
CDRI conpri si d n e d from ro on stlng
of SEQ I D NS m%g%fgdﬂtm?mﬁgkn ot S4U% ?’?fﬁ% &nﬁ to hﬁglarﬁb\?(g:rR%a aiﬁg lg ﬂl CDR?
conpri si ng amoé’mdmoleagbddsmqmemé:mﬂca Kd ofB arof hMeogiegupr laRkssd stl ng of

SEQ I D NGCs: 7 20; t chain variable region CDR3
conprising a r@“a@& ‘H’tléélfﬂé’ﬁéé‘ }Qel\éé’? Sfromthe group consisting of SEQ
| D NGs: 21-24; whexgimblyhe anbsdyaftyhespashd disahd yrsm-mqi&;« KRG x oreharabl y
human CXCR4. In a preferred enbodi nent, the antibod onprises: 20(a) a

heavy chaith \AarEGenios ItayighefCORM odsitphpssimeferstlp 30D Iem or(I§)nMy onlegvy
chain vari ablg g 0N SRR m%pfe!;ssbpgnlﬁ'-:c@lésp(cj?dan%Q{ .mmﬁavam%@' n

vari abl e regi on CDR3 conprising SEQ I In variable
regi on CDR | nddmplessphig. SEIEQ’IIODIGB&)OIF 2.336 nM or less) (e) ali ght chain

Var! abl e r egi on %er%ﬁ a%l 9&3/2}&8 cgc“%urezujhlb?sn%}2§( aucgd ¢l Lém ﬂ%gal n

vari abl e regi on r|S|n anot her pre
enbodi ment, tdeds auprésboglyurson@XCResvith an ECs, for (nhlbiteonhdawn ehlassnmear | abl e

(2100 COF SORELR TR SR B M Bk B DTN O D RO,
conpri sing SEQRIdsE NG i@ or less, or 0.5 nM or less, or 0.4 nM or less (e.g., 0.9046 nM or less,
0.5684 or less, or 0.3219 nM or less).

Preferably, an antibody of this disclosure inhibits SDF-1-induced migration of

cells expressing human CXCR4 with an ECsg for inhibition of 50 nM or less, more
20 preferably 30 nM or less, or 20 nM or less, or 15 nM or less (e.g., 18.99 nM or less, or
12.44 or less). ' _

Standard assays to evaluate the binding ability of the antibodies toward native
human CXCR4 expressed on a cell surface are known in the art, including for example,
flow cytometry analysis using a cell line that naturally expresses native CXCR4 or that

25 has been transfected to express native CXCR4. Suitable assays are described in detail in
the Examples. A preferred cell line that expresses native CXCR4 15 the CEM T cell hne.
Suitable assays for evaluating inhibition of binding of SDF-1, inhibition of SDF-1
induced calcium flux, inhibition of SDF-1 induced cell migration, inhibition of capillary
tube formation by HuVECs, induction of apoptosis in cells expressing CXCR4 in viiro

30 and/or in vivo, inhibition of growth of CXCR4" tumor cells in vitro andfor in vivo,
and/or inhibition of metastases of CXCR4™ tumor cells are also described in detail in the
Examples. Binding affinity of the antibodies also can be determined by standard

methods, such as by Scatchard analysis.




.30(d) a light chain variable region CDR1L conprising SEQID NO 14; (e) a

| ight chain variable region CDR2 conprising SEQ ID NO 18; and (f) a
| ight chain variable region CDR3 conprising SEQ ID NO 22 In another
preferred enbodi nent, the antibody conprises: (a) a heavy chain variable
region CDRL conprising SEQID NO 3; (b) a heavy chain variable region CDR2
conprising SEQ I D NO. 7; (c) a heavy chai n variable regi on CDR3 conpri si ng
SEQ I D NO  11Mangslonal Anfibedigsd; RO.DrandiiZe regi on CDRL conpri sing SEQ | D NO

15; 5(e) a light Ch%f’e'?re!@ﬁtib%me?c)flﬁg'd%'alo@&reqpmnh%é?jq] g%%amé%p 19 and

(1) a light chain variable region CDR3 conpri sing %1 anot her
preferred embd8ilresnd E2 Fﬁelaiﬁﬁtam@@tdgpttcdmha@elsnzed as describdda) Faamglayy admi n

variabl e regi 0 ng. avy. chain

vari abl e regi gﬁ n%a Se '%errllg SE% ]% Hga"%y iﬁ(sé?w'é'"h%/@ Elﬁ)é ¥ari abl e

Iregl on CDR3 cg?’rpmd &, rﬁgpﬁﬁ@ly O s, a]rﬂl’,\ohfdii) sheqtlérichmglw mlv;a,al@laéﬁgg@gi on CDR
conpri sing c i abl e regijon

conpri si ng 5=, %Wogéﬂ’dﬁ(@§ g g?pﬁﬁt"eg’hétdﬁ"\P&?'llyaﬂlltfé“ wgifgms cbiB

conpri si ng SEED,IID MIAER 4 whith EStalkdmdeROWR silfestviige %Et]tﬁlté@twnwa% dormai n,

i ndependently fromthe CDRl 15and/or CDR2 donai n(s al one can determ ne

the bindi ng sPEEPsivears reaed and aevefomedio hesin as BEgnd06Labi Ghend BAAL t Fat .
mul tiple anti bodigs aca{kpp.rpadplsc#&ng BR9eeh & Eﬁd:oh*‘# vi-ng Lhe, F‘Hﬁ)m di ng

specifici t& based on a conmon sequénce. for- exarrp'e a et
al, British J41.d2. Bander, 3887(6@)\’62/521@8’0&@2@&61)1 séglescssiobFRGL tHeS I pmaduct i on of

a hunanlzed a I vy chai.n vari abl e domai n
CDR3 of 20nurlyf¥nde za%r?? %’P %@dﬂgkﬁg %/6 428?%?(‘%8?6“5?]}' Mot Ri ot

296: 833- 849 (2000)G|(veieshareabh ﬁﬁghdsse(a@tfﬁaidn:aﬂin iid fohekCRA, el w;@mw]zei n-2

(EGP— 2) anti bod| es usi rll)g ¥ %(Ee he%\,%%chal n CDR3 seguence of the parental
muri ne MOG- 31°4RTICCEER- KEY B tehqg drarreals other anprig¥CRARINEINE medgsulesc |

U S A 95 891&taenﬁc1@m98¢che%mda |1Guch ANl an@ aUABR NS ARG} vl Nt €gr
ct, 133 anilbodle using a heavy and |ight chain variab 5domain of a

muri ne ant? - i HEGRTRE H38INdRE P E/AENBOS ahdvered 1 té@@*ﬁﬂmﬁeg 8ntwi body
conprises a déﬁ&rhélﬁytwﬁf?GE%ﬁs)O‘ﬁrtﬁﬁe%l ot R GRS, tr@%&&&%%@@%@ e of

bi ndi ng the sane epitope as the parent muring an inities as
hi gh or hi ghe'i“a‘fill*ﬁénaWhéecpiaﬁ@rffoﬁmmlrh@li%fﬁ{nﬂéopleywng Bac;ﬁra;sd eithatiructdralym Chem

wmei S ani 11 cant OB ST | BB Rt TG0A bt o] ot BAPBRUTE AL r oc.
Nat|. Acad. Sdingls 8:plcedRitp s AuCREIT sQrﬂx%BJL Séqi&ﬁCd’l bi ng
20 Accordingly, in one aspect, this disclosure provides an isolated monocional
antibody, or antigen binding portion thereof comprising:
(a) a heavy chain variable region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 25-28 and 41-44: and
(b) a light chain variable region comprising an amino acid sequence selected
25 from the group consisting of SEQ ID NOs: 29-32 and 45-48;
wherein the antibody specifically binds CXCR4, preferably human CXCR4.
Preferred heavy and light chain combinations include:
(a) aheavy chain variable region comprising the amino acid sequence of
SEQ ID NO: 25 or 41 and a light chain variable region comprising the amino
30 acid sequence of SEQ ID NO: 29 or 45; or
(b} a heavy chain variable region comprising the amino acid sequence of
SEQ 1D NO: 26 or 42 and a light chain variable region comprising the amino
acid sequence of SEQ ID NO: 30 or 46; or

19




the grafting of heavy chain CDR3 segeunces of three Fibs (SI-1, SI-40, and
SI-32) agai nst human placental DNA onto the heavy chain of an anti-tetanus
toxoi d Fab thereby replacing the existing heavy chain CDR3 and
denonstrating that the CDR3 domain alone conferred binding specificity);
Ditzel etlnununol. 117:739-749(1996) (describing grafting studi es wherein

transfer of only the heavy, chain of a parent polyspecific Fab LNA3 to
L heavy chai n ot SOnbRGRRA Tioepleier ot e s AER Hk NGRS ob313
anti body was suff iSEQemt NOO2T &t43i dnd RitigHh dginSREIE iegidn)éoﬁibﬁiilh'get_hﬁﬁh%t Fab) ;

5Berezov al., Bl Ajournal 8:Scientific Review 8 (2001) (describing peptide
mi metics based on 2FHECEERes BPERNDME; I HEMY: Honocl onal anti body; | gar ashi
c/all Bloc/win (Tokypheah} thtd2arfivlch OB cdlSinfieithl H6n8add s@ibNQ R d

synt heti c pol ypep?%ﬂée ecaog’r espoﬁc?i ng %‘o ﬁ}e CDI%S do_rrgugﬁ %?a]g]ﬁ&g of

ant i - phosghat i dyl SEF IReNGN2§ trothyand aBgbr drewiveriahte gigionVomatisim2th8@ming0 ( 1998)
(showi ng that a signle peti jved.formthe heavy 10 chain CDR3 donain
of an anti-respi raafgigrs%‘)g?cﬁcoﬁt%ﬁgzleﬁjvli&@ug?rlﬁg]\/) anti body was capabl e of
neutral i zi ng the \hBnsher aspectt this)discl@@vie pedvidds antitddies thalNedmprde 8d.hedgi . U. S. A

90: 4374-8 (1993 scri bi p | de ed the _heayy chai p CDR3 donain
of a murine ?’%’-alg-ﬂ?"]ﬁﬁ ?'Bg\g%al,s’ %Mﬂ@%&%o‘ﬁ &y prﬁ,_oqc Reons
152: 5218- 532%h4rd&94he belRSGEIdREQG &R APIHe NG, CDR Y dTF70f 0, 3N HEEY aBYshahafd | ng
t he heavy chain CDR3 regi on of Z-DNA- 15 binding anti b&c)ié% and Xu and
it

Davis, |mfuniSER I3NGs: b ,re@@wﬁf_(d@g NS A5l seReanoeiof resy s ¢ffe. Fdavy
chain CDR3 i 5 S4Hdfi2Cdr&Mownan BEQ}[H)LNQE:@@ﬁ,‘f’ésg@cg'rvgﬁn,trh@;‘milngMiH@%cﬁ’x‘éhﬂe%f to

di stingui sh between a variety o apten an otein antigens). See also, US

Pat ent s Nos. ths ¥s L0846 of B7,9P4D126d E5216900'882;SE) BAB021%] 2, 6¢sp&@iv8$3The
6, 827, 925; 5, 83 43. 762 a 1 d i_bi,ng patented
ant i bodi es dea?" ﬁ'ﬁ%%“ﬁ%}eqgensclgsnogf?ges\ébg%&?%%ﬁrfgq’ %g’@a%%sﬁgm? ﬁhé’sé‘ 'nggrl nces is

her eby i ncor po@atiddchyspeed eheritie antind dctd ®bdncetof the Vi, CDR2s KFTOFgiDigl y, the

present djscl osure provide onal anti bodj es conprisjng one or nore
heavy anglsor an _Eﬁ@f%ﬁ&\”ﬂ"céﬁér?ﬁ%- ﬁgz?’rrﬁ%"%{‘r‘f‘?{dnt MBBERP O FBEN S 2 human
or non- human (ROVIBDR3VGEIEEY, 1 hghdBNee siaRalin 8801 IDAYs: 23-202RaRES 0f 25
specifically hinding to CXCR4. Wthin certain aspects, the present

di scl osure prid¢icddsrsimpIcsabncadrsps HiedsbeoipemdKakptdnd .of arbt%8 heavy

and/ or i ght %aéanees%tggy@#mnﬁlrn%mgﬁ:aﬂ%éaym l?d?{iérpw’Deg%-Pe:@%f a nouse
or rat antibody, wherein the nonoclonal antibody is capable of specifically
bi ndi ng t o CXBREh an) Hivnen Sermeese Nibid divhhesatien Ned24Alent i ve ant i bodi es

conpri si one or y b h'n&gﬁ%d in .30 froma

non- human%ant i bodﬁ%ﬁhgr%%\ﬁcoggﬂa}%% ‘gr{“cl))f)b'g%ér?ﬁefnla&rlta. or4 gf)nl(anr{#éf}[ ﬁ%“%n tbhn;dméb)
retain the fupetfiodiyat pohacdpteailgby dee;CIIR), AikRE] abdCDRE rggors, piVi; QR |, and/ or

(d) have a siggl.ar bi.ndi,ng affini th rr di n ar ent al. _non- hunman
i body. - CORZ G kPR Epic Bl ¥y BB o f 2 T el BB b oL
gono_cl oPaI anhi pdhes’ (ﬁ_@g@gk@iﬂﬂ@l- cﬁﬁaemra;;ﬁmxfdeesmatls@/mmaaiﬁmmhtbighuth%@gi n CDR3
omain froma human antibody, such_ as or_exanpl e, a hunman anti body

obt ai ned frorﬁa‘_‘g’ %HQ‘?‘Y C%ﬂ%?‘ﬁﬁﬁi”%}’e@%%ﬁé{j Eﬁﬁﬁﬁ”%ﬁﬁkE&NvﬁQR@a@ébl e of
speci fi calsl y dibrdipgrel® ofdhith-CXERAILMARENFSIe RFRIE IS dilNMRurPIE&GH

di scl osure provi des nonocl onal antibodi €s conprising one or nore heavy
and/ or |i ght benringofcms misriind Maidnd aamibpdies ¢ banestd s the bimlintessiss f or

exanple, a h : i ; i r - i , in the
Firer. human St bany PER SHLOSHICION PLIOR BHERSLAMRY pBEIS LN
wher.ein the CBDR8 VAdrRR requemes tleenikéd ad neiad, thenCDBOJYDR 2 pridoreDR3 CDR3
domain in a hgn&ag eafnti bode(. tIha\t/ i s |acki ng bi.ndj,ng 103Pa§ci f i.Fi gé for CXCR4
to generate & Second MARANCER: I bEEY TRAL"™ AR gAY ST ERN v bi ndi ng
t o CXCR4.h30W tsla:i,uanfeos’yell_ewbaé,i \gﬁht\&.,CBM@&J}UEM@E&?HA%CB?HM?@@J&&S%@@URH,i-si n(E:]) gne
or nore heavy or |jight chain_ CDR3 donpi romthe first human anti body
(a) are capalﬁ[zrgfﬁfd/%ér%&Sieﬂbe“F%Fm‘Biarﬂﬁ‘FﬁgPaW{}t pEauenss Pregsralin s ARlaged et onal
charact eri st iaGsiict(i)ly Binfidr CDRIBQUSATH. ePIlidRecaddPdf@rfenl Dihdiddadlysi ni | ar
binding affinity as 15the corresponding parental first human anti body.

Ant i bodi es HabTIRYaPat thetiess! \Eanfi VuieauSaehs sicascreated by supgjitgptonr ar

enbodi nents, an antibody of this disclosure conprises a heavy chain

vari able region froma particular germine heavy chain i nmunogl obulin gene
and/ or a 20




20l'i ght chain variable region froma particular germine |ight chain

i munogl obul i n gene. For exanple, in a preferred enbodi nent, this

di scl osure provides an isol ated nonocl onal antibody, or an anti gen-bi ndi ng
portion thereof, conprising a heavy chain variable region that is the
product of or derived froma human VI1 3-48 gene, wherein the antibody
specifically binds CXCR4. | n another preferred enbodi nent, this disclosure
25provi des an™MosoY ook seeian saftanprsayith sorictarallnniige seqbénse figm phor t i on

t her eof , conmpppgi i Gl [ Lan: Iy p uct of or
derived from gb‘ﬁus'é ne%glélé d%a%)sgene%?ny (ﬁr%?ﬁg?%g&gﬁtg lle%)g'ﬁipog%sé%:?? igc{gtl??rﬁlacbi nds
CXCR4. I n yetEanother preferred enbodinent, this disclosure provides an

i sol at ed nonocl ona), _ant.i bod r _antigen-hi ndin ortion thereof, wherein

t he anti body corrpr%‘%ngJ"éFt?ﬁé%%rﬂ/o(%c%ﬁ?pﬁavgr‘slcgﬁpoé”rreg’b&b Sa%ﬁ‘){“ffgtmci“gc'?%
product of 5 or anddbily @dadtigewbadiny e oWkheredf 46n@8he: and conprises a |ight
chain variable region ,that is th roduct_of or derived froma hunan VK L15
gene, wherein the @heiEBAhEPERTE ]%&B’Ioﬂ} UK ompg sioxemaming peid sesNsg hunman
CXCR4. Such aEHlécQ@diﬁth@'ﬂﬁﬁp%Nsisﬂﬁ?%ﬁﬁ?(}@?@\JG&F]—qore of the functional
characteristics described in detai above, such "as binding to native CXCR4
expressed on a cel{d) glhepacbainivanitie resion GIRSPMpLsibe aolamgotao dGXDRAge

i nhi bition of SDFE-4:i.nduced cal ¢i: mRgekles expressi ng CXCR4,

i nhi bition of S“‘s‘r‘fi‘iﬁ-"i”ha‘ﬁéf’g’g*‘r‘hg’lés%g‘?%{]é%t? “ééﬁ%'s“égkpr essing CXCR4, inhibition
of capill &y tube (tbx havy omibyarisbNEGson CDBBICom mikigf anapopd asd squdnceel | s
expressing CXCR4 Sicn vitro and/ or. |n.wvi nhibition of growh of CXCR44
tunor cells i %ﬁ\?ltetﬁrﬁgmarl?aﬁ@rupic?lns\'fi“{}%?fg%(éﬁgﬂqlsn%qgi tion of metastases of
CXCRe tunor cel | s.(d)a light chaiftx@ipleasgion CORN icb@gi 88y oaming adiis@pehcvK of VH

3-48 and WK LI ? hgspeﬁtively, are the F7. F9, DI and E2 anti bodies. As
used herein, ¥ .E? I TLIRE BEYRGORSERpE PRI ﬂgm br1¢i ght chai n variable
10regions that is (¢ Qﬁfgﬂrc@SIiHQrEriéHIé reBlon ORI 8t Bk aRinBak ke AL, germ i ne
sequence if the variable regions of the antibody are obtal ned fr om a system
that uses ! huntieigdfiom the eronrapmitionel $5Q JeNes: 1 Bekhindyst ens i ncl ude

| i 2ing @ tr ansgentign KRS Sl kB CHRTRANLATHOOALORLLR (AEORS W Lh the
antigen of interest or screening a hunan |nnuﬁog ul''rn"gene Trbrary

di spl ayed on jsieatgd finint the gioep aensisyemobIEQ AP &10ss21-2A human 15 anti body t hat
is "the product of-, or ‘deriwved fraont a .h rm i ne i mmun ulin
sequence can be idAéhﬁe?eln? fhggn{z'ibs()%glﬁ%ﬁ%ﬂ?f}]Ibc%‘r'}%sgeg(ﬁ‘ggtﬁ{%ﬂerﬁﬁ%%mﬁ&%g&g%quence of

t he human anti bodyint@rdférecdamibodingai, thexdgbeizaesmppfeshuman gernl i ne

i mmunogl obul i ns and, sel ectjng the human _gern i ne i munogl obul i n sequence
that is c?%sest igg)séﬁﬁaé’ﬁc‘?hm%"'?r %le r§$'83\f3§)§t' COMPHE RS 559)‘8t1\533t1he sequence of

the human anti bodyb) AnbaianaiaRkiddeoysbhaDR>%omphen29P0HBYed: #f " or "derived
from a particul ar, human qgrm ine i m’run(t_;ﬁc);l obul i n sequence nay contain am no
aci d differences 49 hapariay vaoaklpeeyy (PR heompginendd IYYO: o, for exanpl e,

nat ural | y- occur ri gy SRR EhEn W6l iSy DRI RbAMS | ction of
site-directed nut g'?)l oﬁ&.rml—bwever, z;&’s‘el ected rﬁﬂanérrp?n%]? ?[gyégq?ypi cally is at
| east 90% i denti cdP) B Hglirrhab vartiblisregion GERCaomorising AANAB Nei Id; selquence
encoded by; a humana?2 J: ' in_gene .ains amno acid
resi dues that i degpi ?g&p%A'ﬁﬁﬁw%%ggﬁgﬁgmg@%%rlrfﬁmén conpared to
t he germ i ne Innmuthegirebudd emtexdinnmt, aled abtisedyuenmpesesof ot her species (e.g.,

murine germine sequences). .ln certai.n s, a.hu | body may be at
| east- 95% or even‘’at ?agég?a'@é‘r%a%%f@%‘oﬁé%ﬁ?&PmQWA'ﬁngg%?ﬁM % amino acid
sequence to the arbnehecidhdequrbheacsoeoded by phifig: SEONDINTE 6 30

i mmunogl obul i n ge 5 Tgpi ally, a human_anti body derived froma particul ar
human gerni i ne seg SERYEPIN @ride g - INb} eommising SEQIA NO: Bi d di ff er ences

from the syt no acig) SRGYENSL#RBLAGSDYDR MR, 185 I hoe 1jmunogl obul i n
gene. In certain cases, the human anti body nmay di'splay no nore than 5, or
even no nore t han (Q]), a Qghtzl:lala)yaﬂable region CDR2 CompTiSing SEQ D NO: !8, and

(f) alight chain variable region CDR3 comprising SEQ ID NO: 22.

In another preferred embodiment, the antibody comprises:
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amno acid difference fromthe am no acid sequence encoded by the gernline
i mmunogl obul i n gene. Honol ogous Anti bodi es 5l n yet another enbodi nent, an
anti body of this disclosure conprises heavy and |ight chain variable

regi ons conprising am no aci d sequences that are honol ogous to the am no
aci d sequences of the preferred anti bodi es descri bed herein, and wherein

the anti bodies retajn.the desired functi I raoperties_of the anti-CXCR4
anti bodi es of thi SAHASEIYSHIR varg #UFQBQQﬁEﬁéPﬁPHBEgék@épdggT% provi des an

i sol at ed nmonocl onab) amtdHQNn v@ﬁa%@&iﬁﬁ@ﬁﬂm;iﬁﬁﬁtzb%_N@.E'T;G_Of 1 .
conprising a heavy chain variable region and a |ight chain variable region,
wher ei n: ( a)(c mieeapeehimn wanablg regaen GBR corapyisae TEIP? N:dlan ani no aci d

sequence that is % t -am . uence sel ected
from the aroup 15auhs Fa Pl RRR: B B0 TR ND ST T Re T gt
chai n varifabl e redepnligiirmpain yesabdmregioh KDRIciothpsiegy EBQEDI AL 19, sndat | east 80%
honol ogous to an in crLd se nce s ted fro consi sting of
SEQ | DQNCB: 29-328(§|n%|ﬁ%}§-°h%’;‘ Vaiabie eeey Ebﬁg CQH‘PPBB%”#@;?’H%&% native hu?ran
CXCR4 expr essmchnothecprefelréd stbiddatent, (ROMIBLAy @nrddrises: or al ternatively, the
anti body may possess one or nore of the follow ng functional properties:

(i) binds to humar@Ckessry\whain variarleregipn CRRJ-comparing 88 IDNY)4:j nhi bits SDF- |
bi ndi ng to CXCR4; (b hinkavyRhbiRivh$abRDEgioh CDMIUCER AL QEUNDINYXg.i n cel s

N\ J

expressing CXCR4; (iv) inhibits SDF-T-induced mgration of célls expressing
CXCR4; (V?Oi nhi bi t(8) &Reevy ¢thaiyvariable regormralPR d porpgrisHE\BESS ID NG 24 nduces
apoptosis in cell s42oexRERSSLN ( ; i - | o, (vil)

i nhibits growth oﬁ %X 44 - tun%PQL l4§t?ﬁY&|%P%ﬁgﬁgggpb?ﬁyJ¥Vo; and/ or
(viii) inhibits ndthslighebaiofvaBCR4egiot O weaiphsng SEQ ID NO: 20aridous

Purani zed. ant i body. ot 1 B RapT AR EHE P RPBE YRR AR Pnt L. the Wu
and/or VL ami no adid ve#iGHens asthesy tHaeth8 EIR3IRANWN, ildeénd Q6L i (989 01 99%
honol ogous. to the uence? sié forth above. An antibody having Vn and VL
regions h inﬁ‘dfﬂrgg) j dognain(go¥enscap Aegiapy the SHgingghect i1/ 196 ar/pntibogdy fpr

regions of thesaREBRNEREnE®h hAlifDaARYRs chaRedRIPbALORMDLDME ARENEST S
(e.g., site-directed or PCR-nedi at ed mut agenesi s) of nhuclelic acrd nol ecul es

encodi ng  SEGAMD NGNS sperifigtychaseganggomingin GHsdayccesfdentyr efamiie encoded
A T ot L
per cent honol foynanized swsetDE Wentdeinosiarcindy Sedoeycbsinivariable domain CDR3 of
20 murine anti-CD30 antibody Ki-4); Beiboer ¢/ al., J. Mol. Biol. 296:833-849 (2000)
(describing recombinant epithelial glycoprotein-2 (EGP-2) antibodies using only the
heavy chain CDR3 sequence of the parental murine MOC-31 anti-EGP-2 antibody);
Rader ef al., Proc. Natl. Acad. Sci, U.S.4. 95:8910-8915 (1998) (describing a panel of
humanized anti-integrin o83 antibodies using a heavy and light chain variable CDR3
25 domain of a murine anti-integrin B3 antibody LM609 wherein each member antibody
comprises a distinct sequence outside the CDR3 domain and capable of binding the
same epitope as the parent muring antibody with affinities as high or higher than the
parent murine antibody); Barbas et af., ./ Am. Chem. Soc. 116:2161-2162 (1994)
(disclosing that the CDR3 domain provides the most significant contribution to antigen
30 binding); Barbas ef al., Proc. Natl. Acad. Sci. UU.S.A. 92:2529-2533 (1995) (describing
the grafting of heavy chain CDR3 seqeunces of three Fabs (SI-1, SI1-40, and $I-32)
against human placenial DNA onto the heavy chain of an anti-tetanus toxoid Fab thereby

replacing the existing heavy chain CDR3 and demonstrating that the CDR3 domain




5equi valent to the percent identity between the two sequences. The percent
identity between the two sequences is a function of the nunber of identical
positions shared by the sequences (i.e., % honology = # of identical
positions/total of positions x 100), taking into account the nunber of
gaps, and the length of each gap, which need to be introduced for optinal
alignnent of the two sequences. The conparison of sequences 10and

det er m nat i on2lgpe pafered bindinerspedficiyitieere! eho’ foguendédd: 782A4Hd 98€)conpl i shed
usi ng a mat heppt, ' : I it Nl dad £ xanpl es
bel ow A S S S L
det er mi ned uspeigspetic hlgbNAS hore béaviEchdveyear soangdecVilc NGl tétenus (Goindobibdindpp! .

Bi osci., 4:11:],? 98 whi ch..has been [ncorporated fnto th LI GN program
Cversi on 3 o) PR aR it SRR (R FHe bR RE-ici ot P S iebhoth bengl y
of 12 and & gBprependll yBidfoufinal BiScRethd Remew § (EOPLIELRAbInk geiide tyimbedsween two
am no acid seguence can be. determ.ned usij ng t he Needl eman and Winsch (1.
Mol . Biol. 48°%3%0y %@f)ﬂ)’ agi-E5RZpenogiend prikedy bgwiash st fdtiated i nt o

the GAP progr amijd) 1t has0E Bef (uarisinBaak ameh o Ay habl i
http://ww. gcgﬂ.pg%dr)’r),_ usi ng ei {‘ﬁer ]amgl ossum062 0(rarégt r P‘Ii@%dr?}tpgmﬁdAeN%O matri x,

and a gap wei ghtesprindng to the CDIRB dopgrimof @, ang phesphatidytsdrize Antbeftyl Bwerghts of 1,

2, 3, 4. 5, 0L ipos 7 AN 00 At ALLELR VAL Ve LBR.RTBL ELD,

sequences of the present disclosure carr further be used as a »query

sequence" 1® o genf GPRB dosaeant i agaicnstatqy binkgiall atradBSSS aiitbod§ ons exaipl e, to

or agr am (ver <P O BT O ERe AeIRRe) o A0 (F300VL et Siors A IR 10

25BLAST pr ot e{1999gdéehiBisg & peptide bea betHEadaw dhkintdTSR ) {BASTF PhO&HeM;- score =
50, wordlength = 3.%8 c_)ﬁt aln am no acid sequences honol ogous to the
anti body ol eBlY 8¥itofy} hpmgnis aroiioie. / 187em alod Sgabped (AP34) feresitbings or

conpari Son pugReRasShindAP B BEAST o GAR %H&B‘@g}l dARLCER: ARG FRedhyA. Al t schul
el at, (1997) Nucleic Acids Res. 25(17): 3389-3402. \heR Utilizing BLAST and
Gapped BLAST pipéige artipodyaed deraad Davsopumaite {87 5401200RdessEpsg thave pr ogr ans
(e.g., XBLASTya ; : LG NN N Ant i bodi es
W th Conservatli é\}git}]\wlggli&ﬁ]%gﬁ}%ﬁt@ﬁﬁms 3t ﬁenWtegﬁEbtg%&ii%%HgggMan ant i body
of this discloskrdeciomptingesh Etheawyagdipiohhapamiaal betdegitigensy ofgeralsi U§ CDR |

,CDR2andCDlE§ egue ) |, i, ght L ry.ab reqgi rising
CDR1, CDR2 and" %MHSSg%ﬁi’ﬁ%@%ﬁ\?\ﬂgg’&’oﬁﬁgﬁg‘nﬁo%%r%?eé’g%‘s’}gghgg%f%g% sequences
g onpri E eds pecs,B3Eeh3anj7anoecind SssqUenaRscribagedicand h:h}ﬂ)opiféﬁﬂ@"fnlé@gy ]glﬁlihngOdi es
escri be er ej e.q.,.F7, . F9, or E2), or conservative nodifications

t her eof , %é:d %&%ﬁﬁﬁk @C%%‘Fﬁsd%@“%féfef?wH&O&P@gﬂt?déa TEASFEES Bl
properties ofediip@yanti CXCR4 anti bodies of this disclosure. It is understood

in the art that certain conservative sequence nodification can be nmade
whi ch do not renpVvecearinede thegirerantiiscloses pravisies 1oesAensl entibBliensesifnisies al .

B o

human or non-human animal, wherein the monoclonal antibody is capable of

25 specifically binding to CXCR4. Within certain aspects, the present disclosure provides
monoclonal antibodies comprising one or more heavy and/or light chain CDR3 domain
from a non-human antibody, such as a mouse or rat antibody, wherein the monoclonal
antibody is capable of specifically binding to CXCR4. Within some embodiments, such
inventive antibodies comprising one or more heavy and/or light chain CDR3 domain

30 from anon-human antibody (a) are capable of competing for binding with: (b) retain the
functional characteristics; (c) bind to the same epitope; and/or (d) have a similar binding

affinity as the corresponding parental non-human antibody.
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(1997) Prot Eng. 10:835-41 (describing mutation studies in anti-DA]

anti bodi es); Kom ssarov c/at (1997)1 Biol. Chem 272:26864-26870 (show ng
that nmutations in the mddle of HCOR3 | ed to either abolished or

di m ni shed affinity); Hall c/at (1992) 15l nni munol. 149:1605-12 (descri bing
that a single am no acid change in the CDR3 regi on abolished binding
activity); Kelley and 0 Connell (1993 chem 32:6862- 35 r| bi ng the
contribution of TyPUPBEng ARG s,! rPt"?saér‘ihsB °NYF RED"! eNTiOBO%WH%N’%

(1998) 1m ! midaimipHsid omddr-rfork de56 ahdbgeht BaieCDRS domhin it SR efhltlbc\ﬁ in

bi ndi ng) and Beers_el al (2000) din. Can. Res. 6:2835-43 (descri bi ng HCDR3
am no aci d mightssior osampe dhymag ritibody phiaiged rpm auoa-hymay prieal, areiewdhat ed
monocl onal  anf,tRed%ibdY 1@635&13@@5\“39!3@@&2“9 bmqrntgthQXtdr&r %fthmsmmsgéem ca heavy
chain variabl e regi on conprising CDRL, " CDR2, sequence a |ight
chai n var iSablpeesertdii wipsere ppviidss ngm@[bﬁuaﬁ antlbmconandln@DR@osreqménmnther ei n:
(a) the heav i |l e reqio seguence ri ses ,an ,amno acid
25sequence Ségﬁnﬁ‘-ar (}lﬁm Q? e" ﬁ%% Prébnug?agtl n OdngUCE nPoré:é?n(‘jpl hlﬁ'ences of
SEQ | D NGs: &nﬁ&qdy&bdu&drﬂm@fm@dmh@amd:rﬁai o,ehemm&etmﬂmemén ar(ttb))djz ke |ight

chain variabl e regi.on eqguenc ri ses an_ami cid seq ce

sel ected frorfPPap ersa I8 i"gt"ﬁr’.%g%‘%%gp"ﬂ& a"@i"dhgghﬁ}g @awffﬂ@rs% It NOs
21-44, and coRsQkV¥RHME rdplded 4 CBRR @BSaihher ahin 2 ﬁn@n&%@ostpb@n@muh?dy bi nds
to native hunan CXCR4 exgressed on a cell surface ditionally or

al t er nat i Vel ;ﬁpecvﬁ*fétyffﬁ&@é 8§ arspesswsdddE ap Ao that iscaabiedf| owi ng

functi O_nfal ﬁ&‘?ﬁ‘é&“?%mdm Do BIXTES WOk BBRe EiddfiniMid Bud 1S R anti¥dfles’M or

| ess; (ii) inhibits” SDF JE.’ binding to CXCR4; (iil) |nh|b| ts SDF-1-1nduced
cal ci um f 1 ux domprigeg bee @xpirebeivngndXCizh! cf(awl;DRﬁldmbamé"rosuﬁe fi+st hduoed

m gration of [ 1 nge CX Ak nh|b il e formation
by HuUVEGCs; ﬁfé’é(ﬁé?ﬂ% gaigbletg{)csolm m‘ﬁg f:oelLlndméxpr eg@ rg? %Cnoﬂqw tro and/ or
in vi VO' (VI i chariatbidpict:; &{c)gmm/\ltohhd)a‘an@)éﬁR&)et AHaiodr (m‘:)EHaMSa smulml gindinguaihioy ad n

Vi vo; 0 Viii) i Hhi bits t st ases ofd CXCR4+ tunor cells. 5ln a

pref er red enﬁ G GrErRONINR RagRIAL AT SUImaY AYURGdYh| & region CDR2 sequence
conprises an amno acid sequence selected fromthe group consisting of

am no acid seguences of SEQ | D NGs: 5 8, and conservative nodifications

t hereof ; and < : A1 RBLRE 9GHETRAS CDR2 sequence conprises an
ami no acid Seque”@#céﬁlrﬁ&ﬁb%g rﬁerngmmt Qﬁabgé}QMﬁh&%éﬂo%é agn@fse@maao gk
sequences of SEQ I D NGs: - 20, conservative 10nodifications thereof.

I n anot her prefighe E?@C@rﬁmﬁﬁ mgulartgqenlh@dwvycqhaunnmmnpamtémraegi o/ oCHR1

onsi ot 1 1 ofteLbFRuARARL Atk ISR PR AR R NS B Mene e
nodi fications t hefeoéxanmmdmtmeﬂerrgmembddamm\Aamdablloaue e alas @Dm]mséquence

conprises an amno uence. sel.e rou nsi st i n:
anino acid sdyUeHea E%r AP AT bir?t irg% %’ Gg‘h V& R lgl cations
t her eof varidtle ke@l'dnﬁbt& lﬁﬁ@@ﬂiﬂmlﬁf Sr,dehhai fam hOslyn ¥an-43e4ené, a«rhe&mampl e,

human anti bodi es, un%n 6 g (E g odi es or, chi Ferl c ant.i bodi es used
herein, the tBFMAIYSBHEEAJRPINGRCK hde e RNORSE PRef st e BT MERY, ihl’ﬁdé??éﬂéareto refer
to am no Aci §remetshh cRld@NBodddRhaldRHNRY, &a8Rh te@aadudmg ﬁ)frtfu&Qher%f alter the
bi ndi ng 20characteristics of the antibody containin he am no acid

sequence. SucRmMeBfiskh Ughtichen nerbia reeion drsisithrcirodust rﬁfrﬁiéﬂ@élf@"smb@t\ﬁnt utions,
addi ti ons and, def SeéeBQ%eré}@ﬁl] éh[ﬁgotcdkg?e%ue@%l%dg @&CRQ%?@ slnBFh@r &Efeﬁ@& | body

of this disclosure y standar nown in the ar
si te-di r ect e¢miotiagendss Stscamrd?tmnd*schnaio@dedmnoragmndansbod@om%ngealt| ve am no
i on SR RO Wt D5 AR5 b NS e
30  thatis the product of or derived from a human Vy; 3-48 gene and comprises a hight chain
variable region that is the product of or derived from a human Vi L15 gene , wherein the
antibody specifically binds to CXCR4, preferably human CXCR4. Such antibodies also

may possess one or more of the functional characteristics described in detail above, such
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25am no acid residue having a simlar side chain. Famlies of am no acid
resi dues having simlar side chains have been defined in the art. These
famlies include amno acids with basic side chains (e.g., |ysine,
arginine, histidine), acidic side chains (e.g., aspartic acid, glutamc
acid), uncharged polar side chains (e.g., glycine, asparagine, glutam ne,
serine, threonine, tyrosine, cysteine, tryptophan), nonpol ar side chains
(e.g., al ani nasbisdpald méve CEGRAupresssd e esihwrfapy ofhibigon fiféHy| binding e,
e onine) . RS ARSHGLSHAE, AHALAS LAty hILRULNS VLERS.

i sol euci ne) and aromatic side chains (e.qg., %yr05|ne, ﬁ%éﬁy al’ani ne,

t rypt ophan, hingitittbnne)SDFThinsipcadme goti omoff el laeipnessiag ICK GRels indlibésorvdft hi n t he

CDR T egi f i body . of, this_discl be replaced with oth
amno aci d ¢ SUTIGCE"F FOAEALAIREECS, FEOERE & Py AR ChE-AA GRER

anti body can beviiresidet if Ofvo[ighiBitibe 8f FroNel IFAX(RA @umod &3Bs UfES LAns sset forth
above) using the functional assays described herein. Antibodies that Bind
to the Same EPFe-GB&on@hiRHion oERerRataxsef ba§Rds uman calfot her enmbodi nment, this

di scl osure provi de@x%swgﬁt%dkpﬁévi@ ‘U‘Qaﬁdové Qle\/} ?—qg_aﬁcpwz PR ,rQSrE)eHH%B?PeCXCRA'

as any of the anti-CXCR4 nonoclonal antibodies of this disclosure

ant i bodi es t hafe theal/e FPHa! aidi B2 anpibediescr oss- conpete for binding to CXCR4 with
any of the monocl opal,..antihodes of .this disclasure) .. Ln, preferred

embodi nents, the 10?‘|é “g;REﬁ@ég}é‘ﬁf?%"d‘dy"‘f’o‘?"'" i%’s‘?s"—"‘é‘dﬁ’ﬁé’t’gi"t‘ihé'ﬁ B es can be
t he nonocll®nalegams iHaody the pradnendlhgr “deriaddiovl’ s@eitane ganfise sdQwrteiMhSEQ | D
NGs: 25 and 29, . tespectively).. or the nonoclonal antibody F9 (having Vfl
and VL sequenﬁggggsrg%ﬂ'gvﬁ?’]eﬁ)n%ylaﬁ neCTEOM AP SE thlab‘ésﬁ%'&‘t”i“\?_éﬂewl"t’ir t he
monocl onal  antrhhees] dBlid Heed. NBlicl iy stdheh iV ud SHMBNGHS: AhsERWosB caRdd D NCs:
27 and 31, respectively) or the nonocl onal antibody E2 (having Vu and 15VI,

sequences as ‘HB‘%/W”H.”HJ“SE@‘I”B aqees: withptha ARfiLgD Of intseqsberseirenigy a human — Such
cross- conpet i pgmaideidpost Fge%egﬁﬁ{))?@sgzlﬂ{%@fohfphfg‘é Dasedag er}i)?ﬁg{er&P'A hinfad ©

cross-conpete with F7, F E2 'in standard CXCRA binding assays. For
exampl e, 1} onrtiPpdniberiy “iRf prodarnf cerl ‘Perivejrope ahvedn gormliveonst ned @ulin

Cross-conpetitd i t-he .. I I : rrent . di scl asu wher ei n

t he referencegégﬁ%}‘fﬁ%{lj{/‘g% lggﬁlngg%hsgsg'gi\‘/\ngfﬁ%gg H‘%éﬂ‘d“‘{ Cle(g‘c?fﬂ'i‘ﬁnlc §)/frt§$ h%lm “est

anti body to i #ribbilyt tottheavnndéid geqotncehel HeinhC gk ald ale @dmuedgoteihcearainticbiogdy to

CEMcells is ﬁl\é%trlfl]% qm“;ll'he ng;tbi I ioE}ill'Of a te%tt.anf?iibody to inhibit the

bi ndi ng of, for exan%? SNNEPTMEGSIORT I aErCC B IR GIRERt BRERE tetrbn& T at es t hat

the test anti%ddsnticano tensprescewf the Hohan ERiboBl. arhulmdn h&ibobj ndivehto hunman

CXCR4 and.t hus Ei ndé, tg.the ?arrg egi.t ope on human CXCR4 as F7, F9, D1 or

E2. In a pfef EPPEE e MolirEhiTom: A@arssulat hugsdeetmie iBmmace elylip serusagre

epi tope on CXGRAcaSaif dminbAcid B ff@éncE2asi comPardl IR BORMGE Qégaénc@r&ﬂe*?&f#%- dSUCh
e e

human nonocl onal anti bodi es can be prepared and rsol at as descri in

t he Exanpl es. e@ﬁl@len%vréﬂw-a%rwmia@amwmorbcsxaiiré@at@oat\rimmdvi:tbmwﬁ sitff this
di sclosure T Ugitdihs il oR® HRGERAT£L iRl Rdm @l ARLLPOBXAMAY W18 pUR O or e of
the Vu and/or Vi, sequences disclosed herein as starti’ng material to
engi neer a nodpiticaldn apirioreily sequbiceito ppahihb edd anehedyicatay bhawenal t er ed
propertiess fr IR TR T Lhody. An antibody .can be.engi neered by
modi f yi ng Oneg_?eg}nr'u !rmlr B Lﬁ)o% oQQmag%% Qn(pélomams amino acwp%sxgues tha?ldeentgfly th%ehuman
antibody as berng human when compared to the germline immunoglobulin amino acid
sequences of other species (e.g., murine germline sequences). In certain cases, a human
antibody may be at least 95%, or even at least 96%, 97%, 98%., or 99% identical in
amino acid sequence to the amino acid sequence encoded by the germline
30 immunoglobulin gene. Typically, a human antibody derived from a particular human
germline sequence will display no more than 10 amino acid differences from the amino
acid sequence encoded by the human germline immunoglobulin gene. In certain cases,

the human antibody may display no more than 5, or even no more than 4, 3, 2, or |
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residues within one or both variable regions (i.e., VH and/or VL), for
exanple within one or nore CDR regions and/or within one or nore franework
regions. Additionally or alternatively, an antibody can be engi neered by
nodi fying residues within the constant region(s), for exanple to alter the
effector function(s) of the antibody. 5In certain enbodi nents, CDR grafting
can be used to.engi éa vari abl e regi ons of antibodjes, Antibodies interact
with target é’ﬂ’t"i"b%h‘g ‘ﬁ%@ﬂ@rﬁr%melay“ hHSUGA AT ﬁ'&?o%‘(fé heBSRNIBS that are

| ocated in th@nkhdzbaAMEeand |ight chain conplenentarity determ ning
regions (CDRs). For this reason, the anmino acid sequences within CDRs are
nore di verse between individual antibodies than sequences outside of CDRs.
10Because CDRy CRSiEes’ €Sponsi bl e for nost antibody-antigen
interactions, It IS posSible to express reconbi nant anti bodies that mmc

t he propefrti es of Ispaendtha endbdimeht, yn svbuady ofitysdntiobodi@spriys mamgénduct i ng
expression vqf:gg% Saintvh?it li lchl()ude0 C[;Rsﬁr%\(/aegrlfjeoncce fromt e ?ﬁnlgci fli C natFraI Iy
occurring ant EBbdV AP B EFEINE SRS 'R LAGITORTES® 180 oA p4°r Brite

anti body wi t hintihd dctd @Qiierioésafialid preRréSatibodiegdescrBie@ GEEMNIG Wherdh thelS al
(1998) Nature 332:323-327; Jones, P. et al (1986) Nalure 321:522-525;
Queen, C. el aat'b%dizﬁg@?mp?fo??.ﬁlfff@af;vcmea@.fopsa@? oyhgan-CaERfgnberdvesdis U, s.
Patent No. 5,2#%h«®39 to Wnter, and U S. Patent Nos. 5,530, 101; 5, 585, 089;
5,693, 762 and 6, 180,370 to Queen el al.) Accordingly, another enbodi nent of
this di scllosure p&ptaramdte thisghsclasaiearaddes emsataeadamaiociamd apdpdy. ®r anti gen

bi ndi ng porti.Qr C L Sd : ghgi- | JE I egdi

conpri si ng ﬁ%n%%mwpoﬁﬁ{%@é@nugn gl\sﬁé?: npfll:asvi\éﬁédliﬁLgoﬁiaﬁ%hgg?ld
sequence sel ebtiedafiabbamegioe, repap consi sting of SEQ ID NOs: 1-4, SEQ I D NGs:
5- 8, and SEQ ID - 9-12, respectivel and a |ight chain variable region
conpri si ng CDRL, @Qe g%ﬁcwggéﬁJﬁeﬁgowq"sﬂ"ﬂ&O %Cr’fp%leﬁi"%eg@ 4 equence
sel ected from 25t hastBOOULNEDEIUS td daginiifio SRQehb:ndOscleclsd-fAdm thRtdubD NOCs:
17-20, and SEQ ID NGs: 2 - 24, respectively. Thus, such antibodies
contain t'he VH anao’\?f_s'“%ﬂl%ﬁ%%'szggg?ﬁﬁin (:%/'nal antibodies F7, F9, DI or

E2 yet may cont ai py)dint fighi@Rkin fVhPRNVRE In SEAMSRE &Sarhih O Wil RaRen M d: Rogli es.
Such: framewor k sequences can be obtarned from public DNA dat abases or

30publ i shed ref er &389% hparologae (i aanmchEaeses bdiedderethsesuences. For
exanpl e, germine, tigggp%g%gcgr LR fegvy and |ight chain variabl e
ound 1n the ™\ ’

regi on genes can be ( . “VBase" hunman germ i ne sequence database
(avai | abl e on t he (¢)nthesmibodnbindswy mti o lspen 20 Rcopksssadaa)cehsunsel as in

Kabat, E., A, c/at, (1. o f . Prqateins of | mmunologi.cgal |nterest,
Frreh i on, U AoEIRAl RAHRRRER, B enl Ml BaRt < P LR
Publ i cati on Nollov@ig BRdRonalenpdrisor) binds M huneih CHCRA98R) K, Biex Répént oi re of
Human Germ i ne VH Seque s, Reyeal s It Fi ft ups of VH Se nts with
Different Hyﬁ%ﬂ.s ét?l”gg’l”é@@gb'p"é“ ”.‘%‘OI\%?&%%{&“)M%%%B?’”QH‘EF%EL?EU"%H‘? N5L. el
at (1994) "Acbily&etRtiyz OKCRUNG i35t SDME indLcéd SReBAbLEcReveat&ina Strong
Bias in their Usal?g")i Furl Inmunol. 24:827-836; the contents of each of

v

whi ch are exprEsfyvi iR pUPBpRdLbRioETHiBPY FERE(enE. Inhiscorropvgs esetlil e,
the germoisne [NRRAULORES iR atEmN vR&AYY) iRRdid L8R Gltatdralhgllfs r €gi on
genes can be found'in the Genbank database. For example, the follow ng
heavy chai n der#dianfosiggiieherkorouhuhibdi metableses pTOXCRIUMAST pellise ar e

avai l able in the ' - ' rs; .. 1-.69 (NG 0010109,
NT 024637 and BooTOIRET M RE ROt uREE AR e WA nlied b R
0010109 and NEm@@4&BiAyibodAsorambinieeic aextandpl e, the fol | owi ng heavy chain
germ ine sequences found.,in the HCol 2 mouse. .are available_jn the
acconpanyi ng Genbz'hﬂ[ﬁ%{cewggﬁnl?ﬁtsn‘&%é’ra&%il\@gW@N@f@éi‘b‘fb@? may be §5%,
30 90%, 95%, 96%, 97%, 98% or 99% homologous 1o the sequences set forth above. An
antibody having V)3 and V_ regions having high (i.e., 80% or greater) homology to the
Vi and Vi regions of the sequences set forth above, can be obtained by mutagenesis

(e.g., site-directed or PCR-mediated mutagenesis) of nucleic acid molecules encoding
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15 NT 024637 and BC070333), 5-51 (NG 0010109 and NT 024637), 4-34 (NG00
0109 and NT 024637), 3-30.3 (CAJ556644) and 3-23 (AJ406678). Yet another
source of human heavy and |ight chain germine sequences is the database of
human i mmunogl obul i n genes available fromIMGT (http://ingt.cines.fr).

Anti body protein sequences are conpared against a conpiled protein sequence
20dat abase usin% one of the sequence simlarity searching nethods called

t he Gapped BLAER IPAVYs A2 oafti-48, foHouer) yestiop ef the icorpd by esgdatibody for

25: 3389- 3402) oW fChlndtSn W) |thdkR i | in L . BLAST is a
heuristic al g(r:)erti thm Ii]rtl_tn\tqgt’tgé(su?gtﬂ)lng??tcgﬁfﬁogégﬁéng&ceaﬁ?&lg ?'g’ng—ft(‘ ‘nt bet ween
t he anti body deguesddereamd t he dat abase sequence is likely to contain

hi gh-scori ng segnmept ibrs. (HSP) of .aligned words. Segnen ai rs whose
25scores cannot be’Q‘lS Lﬁ%r%g\%” E{’f? p}ér)ggnetﬁgfngg)gg etf”r’:?'hﬁ‘fo : %acdélfq%gﬂmﬁs '

Briefly, the nguiiabonicibe satiie ety GEtwWWBASE 106 b@@uénces. The percent identity

(i nmp://vhase. Hrcc ehcam acnk/ vbasel /1 i s%ﬁ. php), are translated and the

regi on bet weeRSHAY PREYUSHINGCERE 2 tHcHeRyH tRerphen pbiettical Ragitigs shared BY aj ned.
The database gRGHARAAS (NAVE haRcRYLEAITR ideRiG PosPfondBidl 83 JU§Sons RUBL) cate
sequences which are exact matches over the entire 30 length of the protein
are renoved. RkBEAST agwapiche fupbep pbgaes.risd theilemgth dlecagh grgr amchheeslttpbeni t h

defaul t, standad, RAYATBHELS) SKEERT IS b QULEOMP! 81 dop il OF el [

turned off, and the substitutiron matrix of BLOSUMBZ, fifters tor top 5 hits

yi el di ng dequemté&tammirahesof pEhenndeltieobdtdensequaneass emdetacamslliaicddising al |

six frames and the frame with np stop.codons.in.the tching segnent of

t he dat abase gg‘@ﬂ‘éﬁ’éé"eﬁ?gl%%?r %fe‘%éﬂ'bteﬁé" %89%&‘5“31“%?‘@.”&%%%0‘795 inturn

confirned usi |n? th’EheBieﬁch At ipmgy Bativbdal ta@ta)h?]no\/hf&i&i&qnﬁefn?d@%hn@-b@&etérﬂ%ﬁa@%}ié%ggy

sequence in a ix fra and c ares those translations to the VE

nucl eot i de seﬁ\ﬁéfﬁ?@%ﬁﬁf‘@&ﬁlWSW%@F%@H’P%AM’!I Bigyeg, $ bt §19880phesh hunan

germ i ne sequBaRedALADASRE ints WeIASN RakraRVdirtiaRh @) fukiaph P 2062t ) »  can

be searched sim| arIP/ to VBASE as descri bed above. ~The identities

are exact !ani Ff§'d4e fblenngaplenstivpanakienl Bvadasep bowlly st ulenddtiamdhe reecept ot ei n

dat abase OVEr idelify 8BbIaE ol eIl «dIErcLONTICE T BAR! I NEBLLAERA | (! oo
ch a ut u

+ substitution ma are not 1dentic am no acl stitutions guided
by the 10BLOSWMWBchduibded Bist.id8d4frdtd [ 1H970)) hlgbhmawltitibedpeseiquepoacdbtehes t wo

of the dat aba nces wt a identit t. hijt wth nost positives
woul o' be-deci Bed” EoBRATHE Mt A LB Bl A hephindydpEorBE

framewor k sequemcesicl OBlossen dmithie canPAMIB0emidf, abdia gapdiSght@sug a4are t hose
that are ru rally simlar to the framework sequences used by sel ected
15ant i bod?@s g[ﬁ%t ﬁioé4(?ﬂ§g}€8§l?r”‘é‘f‘gr§.°§!=,2’ TP to the V), 3-48 framework
sequences (SEQ | D Aditi¢hy angemiatildie tMprbdin sfe?mme%e&%@%@ogég@nl D NO
50) used by preferred nonoclonal antibodies of this disclosure. The VH
CDRI, CDR2, aldthemmarsebifiiefeds scaptret HepeURmMUpRaarchCBRP st pahlc Gokases eyfiences,
can be graf t el a0 d LBfRRIKd RHUABS. 'S8T RN LDSe baRRLLER nSRguence as
that found in taﬁ'eB ’er’m i ne | mmng%gl obulin Sgeene 2% r%hmg%#%ﬁg‘%%’zﬁ?ranemrk
sequence deri ¥BLAGH mrogsarCORr seyliend edisetan chel Gioavt-Ld/odtie). LroaAMvier k regi ons
that contgn r ' o r e germ i ne_sequences.
For exanpl e, ?Pﬁﬁgg rcggégea OE%%%ESJ e?ﬁ””égﬁ @ltﬁg%{%gtﬁ‘gﬁ é(g;??r?’ sfosrgbzsﬁefi cial to
mut at e resi duesrdingzthi=n3 tohubidin amewacik seqgh@nsohdogmis nd ti Aniiod ¢ Mokoaes t he

anti gen bi ndi ability of the antiho see. e.qg., .U S Patent S.

5530 10n: s, Sgadselothe 2o tpiR BBbaeh aeri R TaS thsrisciupoats. Gierpd

Another type BLASAkhal @ilize&DisaiRsdibdd fl Kakhrs b/s (1®7YM,at/e 488F Rex. aci d

resi dues vm'thirg the VI) and/or ions to thereby

VK CDRI, CDR2 and/or CDR3 reg
i nprove one of2hore SHPA% ny "t Bibeingifde YTeand Gapagd Blnh 8 | programtshige defewlbody of
i nterest. 3@t gnshh8eLRM PRHAUCOERLANR . PORBIRGTALE BTN AYGRE3LM &30 be

performed to 1 ntroduce the
www . ncbi.nlm.nih. gov.
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30nmutation(s) and the effect on anti body binding, or other functional
property of interest, can be evaluated in in vitro or in vivo assays as
descri bed herein and provided in the Exanpl es. Preferably conservative

nodi fications (as di scussed above) are introduced. The nutations may be

am no acid substitutions, additions or deletions, but are preferably
substitutions. Moreover, typlcall no nore than one, two, three, four or
five residuesAiibedienwih ahveiModifisaizgng er ed. Accordingly, in

anot her embodi ”e”gmcérﬁﬁ\ én'{b%fdﬁﬁﬁm .E @Ew & ‘a}’skﬂﬁﬁe %.?5’ chaﬁ?(CR“
nmonocl onal anti bodies, or antig g p I ons t ereo rirsing a
Sheavy chain\manMaht&mnegwonngﬁﬁﬁﬂl@DR@nndépRasMﬁeﬂBﬁ@mi@@ghmhmmnpr|S|ng an

am no acid se ce selected f t nsi st ng, | D NGCs. 1-4,
or an an no. QNS EaiBERPREYS HERdnEDRE e EPRIGR st IS PR RS ac: o
substi tut lsonahesaejmtseqm]c@srcoacméspaaﬁe(a&nﬁermarsaﬂ.ems&Fs@ibDaH&@eferleM (b) a
VH CDR2 region conprising an am no_aci d sequence selected fromthe group

consi sting ofingeRgigsgergabed bergn (g B FnPhe' @lﬂ@ﬂ%ﬁdéﬁﬁ‘é‘d‘ﬁ&%%@ one, two,

three, four Qﬁerééfvﬁdaﬁﬂe@n ﬁn.%'aﬁt:b’iid@Trét&:HftHeQi%redQﬁrl.c%hzﬂ’B%p@ﬁ.e?gﬂhé RRNS as
conpared to SEQ I D NOs: 5-8; (c) VH CDR3 regi on conprising an am no acid

sequence sel deXeld fﬂ?ftbmj't?h@f fbtsdui}gloéldhsl%ft trmigrst@pd spde BIDthﬁ(BeﬁaQLCDESEWFWGn
am no aci d seguence, haxing., aney,. Lun, ks &6 nol.%va Ahtid gé%da% %&%CJ d

substi tuti ons, eletons or addetl ons as co 9-12;
a VK CDR IO r @gmopﬂe,c}i&mpmeylengl avo1pni/na ﬁchl@0§aqueM% swelagotaddndiyserm t he

i St SEQ I D . 13-186, _ani i
one. tuo, ¢ nreReDRgFg bt B e e er 6 sfheE fe b B Er e R o
addi tions as (cormyaradrio 10BL3- hD(dN@lbmk?mLﬂtﬁmn(sﬂ)dm@tﬁ/ﬂﬁltm ah@@dRg); conpr i si ng

an am no acid sequence | ect rogm the group con5| sting of SEQ 1D NGs:
17-20, or an I%Qﬁ“ﬁiﬁf%fdl’ﬁls &hﬁ@&’r@Wh%%& 6420870 Ehpvaas b'l’]F"aB?”Sf"i‘ ve am no

aci d 20subst Itwwd@r&%f}ﬂ@ﬁ Ie@RSeitler ARHLHL QP FinARsIRMPHM &Y Ham SEQ(1092NOs:
17-20; and 1;{) a VK CDR3 region conprising an am no acid se%uence sel ected
pm

from t he Igr ouprvensi4 1699 iéf(dfsE@'Pg}hNGssm q a0 agd changam the CAH3degequence
havi ng one, i del etions or
additions as a\(@@ﬁ%g&r}ég&néf@g&?é Ll&%%daq]d%ﬁ”&@%gﬁﬁ%@#aﬁ%%ﬁéﬁes of this
di scl osur e i Adésudisng Hhesentihutwini f Ay medidfdscabntaas bmﬂhg)ze\dﬁieénnqmdeaft o]
f ramewor k re| / 0 es of
the anti bodys( %g?%’?r’i”"mgl \‘c{ajﬁgr@@%&%ﬁ%%ﬁc&gﬁy@ﬁo@ 8& &’51 ’@?a dcr ease
the i mmnogerﬁdersteyabtzoﬂh)ecmﬂabdéty 6. ERWS -3 acspliging Bm:e)t?apmnma@dﬂd nstah@).
backmnut one or amewor kK resi d es tot correspondi.ng germine

sequenceaZONbﬂ%ch‘éi&gﬂﬁ%ﬁ! FSLOSUEFrPf%YiF?Sb"‘BdV e oy “E}rf’(’i@? Yner AWEEEL i ¢

mut ati on ey weHmap ot HOth ErBORYEH: sl @Sl kM8 SchiatarishilE fe@lonfdomplisiRecpeanm i ne
sequence fromwhich the antibody is derived. Such residues can be

i dentified by-Rishpad Plé?&%sweaﬁ‘vﬁs|a%ayéfftrcb%mrqblesréae@ﬁ%@wtg IR $dRA i ne

sequences frqm\@iy@tge{“{% ScANhdody is derived. For exanple, for the
F7 \in region, the f ow ng framework region am no acid positions (using

t he Kabat nunberi mjt'sw*_zwmham\fﬂheiriefftgm@Rmaqn@cemomﬁr@m@ @Bino@nd, two or
al I thr €8s of thesﬁe@?fée{sﬁ%& £&1 egr?%ﬂ% ﬁmt eo(iia%w Qgi%lrdrrsiel Lpe%cess,e(H%an s _by

maki ng oné, two or ree o oW n E and
A25S. A preferredNaroghit)ad cbmemaowfe mbdfEaniohs thegodHn is F7GL V (the am no

aci d Sequence of let}(l:ehhg,ht chain variable region CDR3 sequence comprises an aminc acid
sequence selected from the group consisting of amino actd sequence of SEQ ID
NOs: 21-44, and conservative modifications thereof: and
30 (c) the antibody binds to native human CXCR4 expressed on a cell surface,
Additionally or alternatively, the antibody may possess one or more of the
following functional properies: (i) binds to human CXCR4 with a Kp of 1x16”7 M or

less; (ii) inhibits SDF-1 binding to CXCR4; (iii) inhibits SDF-1-induced calcium flux in
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shown in Figure 5A and in SEQ ID NGO 41), which has the follow ng franmework
substitutions: QLE and Q6E. Furthernore, for the F7 VK region, the
foll owing framework region am no acid positions (using the Kallat nunbering
systen) differ fromgemdine: 1, 3 and 84. One, 10two or all three of these
positions can be backnutated to germ i ne sequences by maki ng one, two or
all three of the follow ng substitutions: AID R3Q and V84A. A preferred
modi fi ed for meefs exhressiig MCRe,gﬁ\omHitﬁtsED&I Mlduc(etjhmgam)mdcaui ekpsasjpgnce of

whi ch h = d E has the fol|
Framevor k- suberiir (e iktaP i hscbmeset DY Hed B ¥ rihet Raoem el o,

t he fol | owi ng eigrmgmmcme@wm adion@: Fad; (dv Q@mmls(gﬁ&mﬁléSCN@Rmhﬁm’i@laals
nunberi ng sys'{”ie‘g?{g fer from %Erm ine: 1,6 and e, two or all three

of these posi o 'B& VBt f"é‘t')eﬂh"é"és @@ﬁ%sphef%%ﬁ%ﬁee@r%ys maki ng one,
two or allsthree ofyd @rf@dé@wdngezﬁwéﬁéw&ﬂm (e bz on &R
preferred nodified nf oé}me(;f the F9 VH regl )on a| S m [ %mn %g&i’am no aC| d
sequence of WHPEPISCSaPOBIHGAFd ﬁ?ﬂuﬂicguﬂecl@wﬂand?qgm@E@m@nWam@)a acihi ch has
the fol l ow ngg t her,nore, for
the F9 Vk regléﬁmwétéwauﬁgy?r%pé%r%’ n10%??ﬁ°‘ﬁs&h%r8?fda"d&él h(Sns

(usi ng the Kabkan varableregign @DRﬂeerpenhefcbepnies ermugebrzttdrsequeﬂce s3l,ectéd &b 60.
One, two, thrge or all .four .of. these ongme e b (ikm_,utated to
germine sequifEELPHI SRRG IR K GAT Spakg Cer A étPI TFOUrPOFOSHES] | owi ng

substi t utilons moEiﬁch;onva'@reoE4Maa&ﬂerRﬁQ@Ted°enﬁHoﬂfn%’n'f ekt ned) fHagd hiasimy@iont he F9
Vk region is E Vk (the am no acid sequence of which is shown in Figure

6B and i n SEQPH!Nefuens) COMPHIEHN RA A5 Sedierermelfgter framebBlouR cHistsiieut | ons:
El D, V3Q and bAhin& 18 g@%’i}%@@@fgw s} h@sql 4\4 Hcsr%gllvgtnve an ﬁcfaﬂtnll nﬁ@z
framework region amno acid 30 'positions (using the at nunberin
systen) differndiolighjehain vireblegegionCRRA smenc@memptrm ﬂortmmOIaCtdhmeenm‘ these

posi tions can M, oONg, e or

all three of t‘ﬁ%wftaol te%&’%g E@f%ﬁ%ﬂ%ﬁgﬁ(g@%%ng&%% é?i%@% & V\éerred
modi fi ed flor nr@lfservhe/emod\ﬂdaﬁeglthmeqfs D I GL Vn (the am no acid sequence of
which is shown |nl Fi l%Jrse Adandl tﬂ 8 f 23 h hasn\,%ah(f fol |l ow ng
framewor k substi t ut’i'én®" iments, the apt(body, e sy for Xfalﬂper 2 ANROPEyi on, the
fol |l owi ng frahiﬁwdedl‘ae@jcﬂrtsammeraﬁdrdb@ﬁ&l tions (using the Kabat nurrberl ng

system) differ fro Fﬂne 5 and 46. 5(pe, two, three, four or
all five of these Pd efj il T(]?%FF”BeC‘HﬁE'P(WéF%’G”‘fEd“%?W‘P% 'Ss‘étﬁ-’ﬂéf'rﬁ*d@s by

making one, twr td AhiAE acitl OAdi fREtiGHs lihah b RotQfpntRgntfyol oM R SHOShA YL | Ons:
V1D, WBQ V4M E45K and L465. A preferred nodified formof the D™ Vk region

is DIGL VRO (t Herasirisiers o€ Ihe a8lpdis semaioie Wit ashng acid seawmce nSLFlhglmserv?tieand in
SEQ I'D NG 47)(10d|W@zltﬁ)ns h\%ﬁldwﬁmf)%h?%sﬂgmﬁﬂsaﬁ@&{‘@%% I?d"%%tm}nytﬂ/l g‘ﬁtauons D, WB8Q

and VA4M 10Furt hernore, for regi 6 oW n rarre r k
regi on amino %ﬁf'lbd"ﬁesiumdoms ag astibedy Dﬁtblsldasb@turnbyrbtendangteslyscmnynaiwf:ﬁer from

germine: 6 ap r of these e backmut ated to
gernl i ne sequences UB[% S'tg dﬁ&%ﬂ%”% “50 3 Ei% ﬁ'é:glf%F Imé\fﬂéﬁ@esssu SP?ef‘iﬁ'“%ns
QBE and A255. armnpaeﬁewhsenlmmchré mr@shrf\ehm chfe atnve del ki tiuerie gipDBed witlE2GL Vry

the amn acdeenc f .which hown i.n Fi e .8A and 15in SEQ I D NO
By - whi B hekMpR T ERREe RS RBNoIE SHbs oS Hrmicpis siduas having

Furthernore, {ioflatsid dbdindiave 8n0iRfindd iR thedid OMe RO NRETORIK 2 BGIa8fs am no
acid positions i ng, the Kabat nunbering system differ fromgernmine: 1,

S
3 and 4. One, Wt‘k(}\/aﬁsa;r“dmha’f’ﬁ{ee?e hp¥ng Ffésf\e“epb‘s‘i"i'P@n@’%‘aﬁd%@ﬂb@&(ﬁu@sﬁ%'@@ to
ermine se r Az f ,
g ' qU&@?ﬁltMcB@Jﬂ U&h?%@d I RIch@hd (ot ’%fcr% asggq%lfng Itﬂ%aﬂge E5 ik

substitutions V3Q ‘and A preferred 2 nDdlfl
regl on i s E2Qerigk I'(fﬁweamfwea@ﬁw@eW@en)oﬁonphiachde ghains (¢.g., alanine,
30 valine, leucine, isoleucine, proline, phenylalanine, methionine), beta-branched side
chains {e.g., threonine, valine, 1soleucine) and aromatic side chains {e.g.. tyrosine,
phenylalanine, tryptophan, histidine). Thus, one or more amino acid residues within the

CDR regions of an antibody of this disclosure can be replaced with other amino acid
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shown in Figure 8B and in SEQ ID NO 48), which has the follow ng franework
substitutions: BID V3Q and L4M Anot her type of framework

nodi fication involves nutating one or nore residues within the franmework
region, or even within one or nore CDR regions, to renove T cell 25epitopes
to thereby reduce the potential imunogenicity of the antibody. This

Gorai | in U Qe BEOTTCHS A ET OO S SoAIB b BF S T | i
addition or akfafllalicNén ﬁ@ mRAL{ci6R seORfh ARCIR) Witdwh B filBEodal A8RWOr k or CDR
regi ons, antibodies of this disclosure may be engl neered to include

nodi fi cat i onsdopsitbss Her8@t he Fc region, typically to alter one or nore
functional properties of the anti body, such as serumhalf-1life, conplenent
fixation, Fc receptor b| nd| ng, and/ or antigen- dependent cel lul ar
cytotOX|C|5tyA: B athe S pithypeaf AnHiCGKCR guidiee may be chemcally
nodified (e.g., one e .attache

anti body) or be 'i her E%é:mfa?te‘&"scilswoé\)vg('iov' 5? ﬁd'eﬁlg‘ﬁ FRD &S’tgﬁ’ faé?e one or
more functi or@itow@nﬁm{m&@m ishey anthie kegly X OBaGhomkiohilesebiid @dibment s i's
described in further det ab% ow The nunbering of residues in_the Fc

region is th isclgsugefpe- gyt "i‘ifha'ffatb%li‘b'“tlyﬁo gRe- st fRebrdng X6 Rbe
region of CHliwisadyRftiife Rshosieah shitddids REMMUTRES RS ﬁ‘b%?&r?édﬂ#ntfo@%equeﬁe' n the
hinge region is altered, e.g., increased or decreased. This approach is

descri bed & urrefeeance #ntibody, fopgRoasgonNIstitis Bdressas byihe Bngpnat pRboThE7 number  of
cysteine resi f r e | e,
facilitate as(g}ekﬁnf)él VQ(;% thggqu‘gﬁ{a%%hw%@a% gl%)ﬁ?%a?'d% }e%(?gte\%ie &W
decrease the m@rwblomltayiilmdytfﬁe(hwmg Yvoahgd. V|1f@t1lm‘:naﬂ0113 lslmwenrrt&ﬁdj HeNOs: Zﬁhed Fc

hi nge regi on gf _an I eas bi ol ogical half life
of the antibgdy s Vetl)é)poégr?lfrp%r%?lcnq%ae} aBﬂeO |Ddln(§?vé“ga bf’ed”?fgfsaats SBAER ar e

i ntroduced i rihSEQH® Mbi2-2ClHRd dorrvdpacuvszwdsrfta@moﬁmnemrmbod)hez mefh®gg ahd agnment
such t hat th ant i body hﬁs rrpcﬁ%&qr d § hyI gcoccyl . protein A (SpA) binding
relative Po ntiEPeEneEcaphgy ! S iAP g SSPEHIVEYappr oach i s descri bed
in 15further detaighch frodd-cdmpeat &%‘ilb&\@es @n %@ﬁeﬁﬂfbd%se%n%&rl abﬂltf td d?oﬁnOt her

enbodi ment, the antlbod_[y is nodified to increase its biological half Iif
Vari ous appr c&EWes Wthd pbedP berdi2 ipstandaxhhpCR&4 biingowssarpr & obgxampls, ﬂ@\rfl owi ng

nutations can tb?ne‘t %ﬁh%@@%u:;ﬂ%%?tkeus&?é‘ﬂ% oﬂ-ﬁéﬁeﬁzros@%oﬂgaﬁrdnbﬁg

Pat ent No. 65 5to W ternatlve[n to 1ncrease the bio oglcal
hal f life, W@Hmﬁ@%mﬂ Ceemnt dmloblee awftemedrevwft:dam anhieodgh labeledOvith EHiCon t o
contal n &2l 9% HASEB! Plea B0 % RN IKED: L PRAIBALPRRS R 7 CF2

domai n of an BUIETY %”CGS 869, 046
and 6, 121, 0221nbly0d?rte€EM mlisastev'lluated Tlher’abyﬁy obihal’an&tb‘dﬁ@db h‘mrﬂnﬁtaheﬂithﬁnfc

region is alt no acid resi

di fferent am ﬁbfeb%”ia\é’p eEJfY ﬁeB?& E? tte “‘P?ﬂe g??%?’d?”#rﬂﬁ&ﬁab‘ﬁ? &yt Wf‘b‘fdﬁfe
25ant i body. Fah cexp@lRLE FOIT®, ON o B ﬁ)f%ﬁﬁdﬂ% 186idsn SrRLRALAE L iAo aci d
resi dues 234, 235, 236, 237, 297 320 and 322 can be replaced with a
different ani‘ABe &R PREFAHRCEGEA 2 ﬁétpc)t Ré cnkti Bodyelsded embodipent.dbe affinity
for an efj‘SECta‘Hﬁbdd_Fgﬁﬂ%nlaWo tﬁ@Ef@rlerb?nt ngeonaé&d:ﬂ%xbﬂ e 5860 ! ath¥m9|f' the
parent anti body fector which affinity is altered can be,
for exanpl e, reginoFend asedur Sefrh hUﬁ@n Glonedapdaivodiss cadmpiremedtand Bhiasd

30approach i i her detail in U'S. Patent Nos. 5,624,821 and
5, 648, 260, bg“f" ﬁ@%ﬁﬁ%ﬁ&éé&g{nﬂ%

Engineered and Modified Antibodies

30 An anubody of this disclosure further can be prepared using an antibody having
one or more of the Vy and/or V)_sequences disclosed herein as starting material to
engineer a modified antibody, which modified antibody may have altered properties

from the starting antibody. An antibody can be engineered by modifying one or more
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I n anot her exanple, one or nore am no acids selected fromam no acid

resi dues 329, 331 and 322 can be replaced with a different amno acid

resi due such that the antibody has altered O g binding and/ or reduced or
abol i shed conpl enent dependent cytotoxicity (CDC). This approach is
described in further detail in US. Patent Nos. 56,194,551 by | dusogie el al
I n anot her exanple, one or nore ami no acid residues within amno acid

posi tions 231reaWdesgithinpre by arable ragias Gtsy Val andfor Vi fartsidriply withintdne

anti body to fj This. i rjbed further in PCT

Publ i cati on V\%NB%%@S}%E%%S %%Jg@la@%%% Q%rﬁfgﬂ%é&ork eI 93?'%8'}?&9' er

exanpl e, the #ernaigelpranistibwifichn belengneerd beasdifying ralliubd Wighiofhetdbrstant i body

to nmedi ate anti bo ependent cel lul.ar cytotoxicity (ADCC) and/or to

i ncrease the %efé’f".“ﬁs?f’tfd?;f e%f’mf’ﬁéo A sl Ctpba'“%fﬁ’”ééﬁ%é‘éé%‘ﬁ’toﬁl by nodifying one
or nore amf no aci ds cataik BRLEDHEAWMATIR PAGI NS LIS en%i?h%erv%éﬁjle %ﬂf%ﬂs 252,
254, 255, 256,f25 , . 265, 267, 268, 269, 2/0, 272, 276, 278, 280, 283, 285,
286, 289, 290°/28850d3 Ansigadiesigisrachygh tapryBantigens pratygiinaRds thragh aneB9, 312,
315, 320, 322¢idrdiducddRat a4 dcated2R the3pOheardand Ji ' 7, 338, 340,
360, 373, 376, 378, 382, 388, 389, 63.98,%%%4, %ﬁg‘fhaiﬁ%é,mp%%f‘mﬁ 4 435 437
438 or 439. THteMEpms saehs {EORKsEed thigdeasor, thramitqadRGEqRubts widtin GBRVO

00/ 42072 by Presia. ;¥ V&L :Lhe biinding. siites on human, | for FcyRl,
FcyRl1, FclRl f?ﬁ‘tgnd %E%ﬁ&ﬁ\é’(/eg'%o“ééﬂbér]rg%bbegleékhén33?4?]&71’1? S %%r%sroved

bi ndi ng héve Bemmsedd3R siqpestte{ sre eesniseldfy mBstlantieddgtant 2004k dcib@lic Ghem

276: 6591-6604) .. ific 20nutations at positions 256, 290, 298, 333, 334
and 339 were s_sgﬁ\ﬁm%_? %x})lr?’?f)Fe(g\c}'gg’m?{&in%&f%%?&?ﬁp'Iclt}.’e ’KHEﬁ”t“?Sé’géPPqC_SﬁF t he

fol | owi ng conituraityi Queuring Ak HIWE b c&RAOWInk CxprBRIcAe. 5 YR | BE BEiRNY:
T256A/ S298A, S298A1E333A, S298A1K224A and S298A1E333A1K334A. In still

anot her enbodiAERFes TR g spredamrlyPoyriag b gafied enofiameved. For
25exanpl e, ansegeny&aIRdndh ARt AiRdYy AR d@@reﬁpﬂ@p&;jeﬁsee, éggp%@ﬁd1ﬂ(ﬁd!¥ Jacks
0, for exanple,

gl ycosyl ation). dycosylation can be altered I ncrease the
affinity bf tfHeUa?%i/\bvﬁdylL%ﬁZ%m; demas. PSeioth (E2R6h ks 3R1e52365d5f Qoadj @rs can
be acconplis appl.ec..al ter igh . i tes .

gl ycosyl ati ort}ﬁ'\?\(nl?%%)fr‘%é\%gn{%g‘o‘%ﬁ g’éﬁ{lgﬁ'gg@%gr%%ggﬁg)lage,n¥ oﬂ'es?%ﬁj’srf&l% am no
aci d substi t utindgrsangdhS bidatems tles. tSHE0, 10&sYI8S, 080, et93ricnahd oM3®@F 700m&)ueEn nor e 30
vari abl e regiqu,j‘ ramewor k gl ycosylation sites to thereby elimnate

gl ycosylation at’ that site. Such aglycosylation may increase the affinity

of the antibody f etccaminglyemnotiBuembadimanpr aachsdissuaasakindRAniifbifisy t her
det ai | in%U. S. Pa{ eat I\ES 5,714,350 and 6, 350,861 by Co c/at _
Addi ti onad y BIOSIoPdeRURqdyeprantigsn bintinapamondhscsfecomrisi neRdeaadaian al t er ed

type of gl ycoayhiat ire@rbn_o‘éH@sziﬁ@C@RhY@DRQ,%Sﬂ]ﬁiﬁ@q@éﬂ%&sbﬁﬁ%riﬁﬁ%ﬁrﬂﬂniﬂ@duced
amounts of fucosyl residues or an antibody having increased Dbisecting
GlcNac st r uctaGide€aveagfcssiestet dioathe eipep 9siatindel il HeNAS: havEEBHRNOS: 5-

CerorsLL 505 0 SO sSEst MpALEA) i G, SL i B o ot
CDR1, CDR2, and CDR3 sequencegéompﬁsing an T;%ino, acid sequence selected from
25 the group consisting of SEQ 1D NOs: 13-16, SEQ ID NOs: 17-20, and SEQ ID NOs: 21-
24, respectively.  Thus, such antibodies contain the Vy; and V|, CDR sequences of
monoclonal antibodies F7, F9, DI or E2 yet may contain different framework sequences
from these antibodies.
Such framework sequences can be obtained from public DNA databases or
30 published references that include germline antibody gene sequences. For example,

germline DNA sequences for human heavy and light chain variable region genes can be

found in the "VBase" human germline sequence database (available on the Internetat

www mrc-cpe.cam.ac.uk/vbase), as well as in Kabat, E. A, ef a/. (1991) Sequences of
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expressing the antibody in a host cell with altered glycosylation
machinery. Cells with altered glycosylation machi nery have been descri bed
in the art and can be used as host cells in which to express reconbi nant
anti bodies of this disclosure to thereby produce an anti body with altered
gl ycosyl ation. For exanple, the cell lines Ms704, Ms705, and 10Ms5709 | ack
t he fucosyl transferase gene, FUT8 (al pha (1, 3} fucosyl transferase), such
that anti bodlfégteé‘iﬁfkg@@wlﬁ’%al H@fﬁ%f@g“ Edigons’. S Drpansanof Hetlth andnes | ack
fucose on th n cell

i nes were crelglét éé@ée%?@%éﬁ]gﬂ]ti ggbg;'é%te é?éﬁ?ﬁ%’%‘ sgh ﬁ%ﬁ%?égéég?ﬁhew D4
cells using tRepertapd dc}bmthwmbn&)VsSécmenxseURSveaI@a:bantanBuﬁtqupaﬂ)ﬁ\On No.
20040110704

57: 614 22) . AeeT e TaRR PR A DR g Rl L LY B HEECR B o

cel | Iine 3w tih eaaff (1904)i "ariairécyorpleHumaredezﬁun& g.eseémeml Rdvegig 0des Biad ucosyl
transf er ase, .Sﬁ%h hat, &dl e ressed in such a.cell . 1ine exhibit
hypof ucosyl at'l Bed él hg"Bt"% 23&9? rige FenLy P rachof aVHeE r el at ed

enzyne. Hanaiexflessd ma&@@raﬁéaslgfelnb@ eRldncd | Aol ERNDRY Bie Bl QWY T
activity for adding fucose to the 20N acetyl | ucosam ne that binds to the

Fc regi on of Sefienggitpinmandeavygad hghchiayenablaegar genss a@tbﬁfpw}ﬁ inflgr exanpl e
the rat nyel grﬁ(l alh e pxB Q\n( H ] Iﬁ thc:rl;nEHpﬁj Jpg

03/ 035835 bng&bst adaa'egcrl %(e%!aa vegfr %%e,@@%p Tihe, Lecl cel Pm with
reduced alfi | iib weﬂﬂi@?t}ﬁla‘dhbfmmmwehmamblnQrQﬁE’)ucdommk@mg:@mbaﬂﬂymtestsm al so

resulting in hypofuco ie t st, cel |
(see al so Shi'l é’%@’grs &@y@tﬁt Eg{bég%ﬁ@%@q @ﬁgﬁw@ﬁ%ﬁ:@%&fd&) andht i bodi es
with a nodifiret @ghyryayd BUI(NG pr101 09 SdaaN 034630). bEs plogdHeachpld ehi cken eggs,
as descri bed fj n US Patent Application No, PCT/USQ6/05853. Alternatively,
ant i bodi es wifPHOENEBERY icRan §‘?’%‘8§%qé[?WCSthB?Q)‘F‘ltP%HEQW }BW&M@%@% n pl ant

cells, such %anlg@[@m%@é@&gﬁ dhoih meqmﬂﬁfae&&.&fnu@fma}scha d BofyiBbant system
are dlsclosedlntheU FPten% | i cati on correspon %11 to Al'ston & Bird

LLP 30attlor néﬁﬁﬁéé@%ﬂnm@c%&@éwf%h O1G109 aeyl BH_ W&éh@t" (NG OWa0105CT

Publ i cation VW98 54342 9(»;09@95%64@%9@%&@%69@' by el %rﬂ)ﬂ%r gl ngered to
express glycoprotein- if gl ycosyl transf .

beta(1, 4)- I\I—dmetaylhgdwaoéhﬂhtrwydun gamimeswsewchs is t}(mﬂﬁbaSE)o)‘ hsweh t hat

anti bodies e 1N th I bit increased

bi secting d )éﬁla%%g um&ﬂ?" aV'ungbE: Wg? (rrP—flj—’rr'lné‘rE%%%e{f ADCC activity of the
anti bodi es (see almmbdxdrymaem/saqueﬁde@QQ)CDN@ﬁreBhgmﬁchcorﬂ;?rleﬂi?aﬁotéhB@équence

Al ternati veI y esi dues aof the antibody aved of f using

cose
a fucosi %H’%WSH‘FS?‘E @{%E%i?ﬂ‘éem’f FeElpy g&ar %mﬁ‘lhg%a“aﬁ q“f]‘é%’@?‘?fﬁse renoves

fucosyl resn dess T (ﬁqmlﬂmtnnqdwa ML RI©AHds MR seardh A5: (339820 Bl QRBE M wel
14: 5516- 23) . modi fication of the antibodies herein that is

cont enpl at ed 'B9Ve i %‘O%:ﬁ 5§&‘F%§Uﬁ%aﬂ Blaeyy s ateyisuc Algos i Pakpy 2 sahstisepegy! at ed
to, for exanpf @uﬂc’aﬁ‘t‘%ﬂ@ﬁtﬁ@nt%%eg’d @k aeial se(qﬁggze an@@a@‘d%ﬂ‘»bﬂ@ dqubdck & lﬁ(feP/I he

anti body. To pegyl ate an anti body, the anti ragnent there

typi cal ly is tpeatiedighisceringoksrettphie&lSH) Sffdtb!l&.nﬁ(@E@)is Ssyntntasmawll@t eactive
ester or ald nder [ one or nore
PEG gr oung bggégrgficagﬁ étg\éﬁ%hr\ét 0 hé:)gr:egﬁfto l|llj pﬁmnﬂ?g i Ct]h drlacrﬁ/"'f r'ﬁIfé;]llyrr;\!rpff3 :
Preferably, tindepelgysbatenan of ¥BARErdrigh (bm //v&aae mnr, acyl ation reaction or an
al kyl ation reaction wt ct E an_ana S reactive
wat er- sol ubl é”poTVie }’%/‘ ba,&?/[‘?@pdqphgreé’aﬂgat%@% IE‘? W‘%BBFS‘?@%W g ‘gmycol is

i ntended to mam&gEFmﬁaméwérheegf@ftﬁ&t@ﬁedlﬁﬁﬂf@ﬁbﬁﬁlseﬁt&%@esbﬁ@@ad&&@ﬂéé 0
derivatize other g'rot ei.ns, such as nono (Cl-Cl O al koxy- or

aryl oxy- pol y &1 08 rRigHed | DeplicaisIssaenses é’ﬁ@h@f%@?tﬁ?ﬁé‘}h@? pegEhe eptirecer t ai n

eftbodi MBrY0S, length of the protein are removed. A BLAST search for proteins using the program
blastp with default, standard parameters except the low complexity filter, which is
turned off, and the substitution matrix of BLOSUMG62, filters for top 5 hits yielding

sequence malches. The nucleotide sequences are translated in all six frames and the




the anti body to be pegylated is an agl ycosyl ated anti body. Methods for
pegyl ating proteins are known in the art and can be applied to the

anti bodi es of this disclosure. See for exanple, EP 0 154 316 by N shinura
c/at and EP 0 401 384 by |shikawa c/at 20 Anti body Fragnments and Anti body
M netics The instant invention is not limted to traditional antibodies and
may be practiced through the use of antibody fragnents and anti body

m metics. As HaPapritBaosepseiona inghe@alehing segmest ofht dasease SeARIARISt and
ant i body m netd G 1A%, ; 1=38 e W dely
novn | 1 1 he S e B L. A Bl

anti bodi es, Nbhsixouhsh frashdesthe Bodpéssemedoee sl sof frfmagne nerspanés thae ot her
nodi fications,_to, traditi anti bady structures, ther re al.s
alternative t8a S]r?(t)'f”(])séf’g}se,&@%%% "%Cs]eoﬁg? |¥eﬁ8%ﬁ°855,ynﬂﬂﬁﬂ'%g?“sﬁﬁ%‘ﬁgﬁﬁ‘ﬁgfamﬁ@i mers,
and Ver sab®di Oshet habanerephiine daiuwtdtadhthsad it 83hdthatilabafideeINGEy m mic
traditional a&hkgpdg binggn%, are %enerated 30from and function via

di stinct nmechapdimetanes.in), caphesaarhphmted s R uxpay dessrbed Abovenal | est
functional bi ndi ngruenbdnsitied ardBldePashE foid FRICHERANLH AE hBbddSeyRhéahke
regions of either the heavy (VH) or light (VL) chains of human anti bodi es.
Donai n Ant i both'ﬁ@éot%aééa%@smweémeawc\mggmf tyf seqegnps- oXlierpesiglgs (IRntitesDe.

Domanti s has davelopedaenSed id sefica Bhde AL g0, U Ghipnak. | T braries of
fully human v% gnggeﬁddAﬁs (nnrept%aﬁnggwﬁggr113% %F%Fg%gﬁﬁﬂséquences in
each |i br & y) BL@AUM{gesubstitision mairy: Hrthesntibodysehewte dashesttivaof tiedasipsei fic to
t herapeutic tar ] . nventional., anti.bodi es,, Domai n
Ant i bodi es argmaﬁﬁﬁ”%ﬁgﬁﬁﬁgéﬁﬁﬁéH%ﬁggﬁgﬁPgﬁP&VQQE“5%3#8%%ﬂ%w§ igﬂmcel
systens. Furt merchidgtajubscedit. domai n anti bodi es and net hods of production
‘thereof may be ongi ed géBrEf rence t US_EggenL 6, 291, 158; 6, 582, 915;
6,593, 081; 6, 172, 1958 BeBCvLk sequences fqr 45e IRe 25 £ Hon 1sclgfyFeghean

pat ent appl i CaibicRate sildidRB4GinanRAIRHE HREAMLPILEBISs MB3E868dcded616640;
W05/ 035572, W04/101790, \\V004/08 1026, WO04/0588,1, W04/003019 and
10W003/ 005098 adiRs fthiiMisERsUS ¢ife SERIRT iHE® Mpdrdt fenawpr eneenepc@ERAD t s
entirely. No aohRiRPREnGs BRrANhORMHAIERD NBESAREUH ikl L! NS that
contain the unique structural and functironal properties o

nat ur al | y- occuerichpahvatibgdiesrditns dintlpdvodi € ViTaBRe, GBRYyand IGIIRS fntdnbodi es
contain a sin ri e I and two .con nt mai n CH2 and
CH3). Inport a%{tdﬁ}y}é,/%ﬁ F]:?ﬂc] F gﬁg\ga %ﬁcﬁ ]?ﬂs_ﬂ(;?egwélgesvf—?élbe(%%e?r? n‘ioggqén eivé’f)kerﬁeglgest Iy

st abl e pol ypempti dee thardooticdl sguenve af thlat foamnt iin giengelom itk ingnusiaplabilingeead t he

ori gi nal avy-chain anti bod Nanobaodi.es hav hi gh hono| o fth the VH
Gomt ne. of nuti "Rk B TBS o PR AT e Pt R r DA I8 A 0Pt FSOE & 1 s
of activity. frimardrandgions iNacoRedbesorhaemataliow ds BHPREERIk: Rohend i al |

whi ch has been confirmed in primte studies wi th Nanobody |ead conpounds.
20Nanobodi es ¥gWHrTe FPHE"%H@%@?“ i?”“éﬁﬁ‘\‘/é‘rftef‘?iﬂéﬂ?m&ﬁffsi'é’é&]?@ﬁcw h

i nportant f eafih@Sediucs Mhin (ROfAEM Rk HoHAS 1o hiik@inCRRMIGREL BBahi Rt | bodi es,
Nanobodi es show hi q? target specificity, high affinity for their target and

| ow i nherent Biggipgalilty shody|(saee g5 kad | Parppl sl 53drIGgsS. 84988 9can i nhi bi t

enzynes a4l rg:g,gj-}@agggq%gﬁ@{bq@e%e_ yefts. Furthernore, Nanobodies are
extrenely stable, can be adm ni stered by neans ot her than

Another type of vanable region modification is to mutate amino acid residues
within the Vi and/or Vx CDR1, CDR2 and/or CDR3 regions to thereby tmprove one or
more binding properties (e.g., affinity) of the antibody of interest. Site-directed
mutagenesis or PCR-mediated mutagenesis can be performed to introduce the

30 mutation(s) and the effect on antibody binding, or other functional property of interest,
can be evaluated in in vilro or in vivo assays as described herein and provided in the
Examples. Preferably conservative modifications (as discussed above) are introduced.

The mutations may be amino acid substitutions, additions or deletions, but are preferably
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25i njection (see e.g. WO 04/041867, which is herein incorporated by
reference in its entirety) and are easy to manufacture. O her advantages of
Nanobodi es i ncl ude recogni zi ng unconmon or hidden epitopes as a result of
their small size, binding into cavities or active sites of protein targets
with high affinity and selectivity due to their unique 3-dinensional, drug

format flexibi]ity, tﬂ{gl oring of half-life and ease and speed of 30drug
di scovery.  substitutioRg, \Mgrsay sty piralyelooBere dhapyPnsitigl thregd AWor dive residyes

efficiently pliggusedr ReidhaRsAe@h! prokaryotic and eukaryotic hosts e.g. E
coli (see e.g. US 6,765,087, which is herein incorporated by reference in
its entirety), nolAgsordmgly, eneanthereeipdnat. husstan disflopwrhotherdsnisolawd yeast
(for exanpl e ,Sac ; . i«chia). e e.g.
Us’5, 33, 254, M0k o DUFETenalCrkAELS BY £ 5en DRMBERU Bredhe BB sRERT 5.
The produdt i drapradeessratde egalnabmenamg (mul Vi ERRI ogiamogquanb ki @8inof

Nanobodi es have, been produced. Because Nanobodi i bjt a superior
stability cor?ﬁ@rsgﬁ’e\%{)ﬁ%f)@gﬁﬂ?%% L C%{H{Sf'%ﬂge{(?uf ﬁ(&} L’é’nort?@a YoAi%at ed as
a long shel f -skqfeace Ha@mgymt Awl SBres Abbit dr@fre amino acid subdiguiNasele91L ofet hod (see
e.g. WD 06/079372, which is herein_incorporated %arr eference inits
entirety) is IgPopAsicararyd ifetiod’ Nok: bén®) atintPiNARBO0 aPBRTHgainigting
desired targetiq PARRL: QRRUTRMRLEH ) alislihoNaaYD feleaki gn, afiddcl | s and
coul d be 10used in the context of "the instant invention. UniBodies are

anot her dft i eaignde iag e one tteeHhisk.doyr, or Hivpemero actfissbsisions dolaed cupon t he

removal of thg,hi ' nt i,badi es. el etion.of the hinge
regi on resul F‘ gdlpﬁp%%ﬁ%ﬁg%rgﬁgp%%%ﬁ? ﬁsd% e§s|§é§ %gfilcyﬁ?gﬁegl%{l %Eémgl?sineg grmme
traditional lsgGseqarhidmitcesd f@mthbgoupcanisiad efiREQIINNORG-12gir amamabher t han
t he bival ent bhi ndi ng regi on of 1&&4 antibodies. It E}S' al so V\F|.| known
that 1904 antiHogiUsEosPXingoartaAreeHEY YEVABPOAC Y U toPh dEIREONS Phune
system whi chuddiigndas castyaed agsmm Noxs: ¢-he |y £9f Terl refiodlisaasrg awhere an

i mmune response is. pot desired, and this advant agg i.S passed_onto

Uni Bodi es> FEM Rafipicauenth sRsiRddeomtly SFORCPiviing 6 %‘Hiﬂgil\{%ﬁéﬁ-l%ﬁﬁe, but
not Kkill, theued dchd feQuaMdt GhVidd Y, AVcetPQURRF oI iR bstdiBody bi ndi ng

[
to cancer cells do not stinulate 20themto proliferate. Furthernore,
because Uni Bolglctansgr addiienstas kenparedie SEQW dPst Balfi {9 6nal CPR&Esent i bodi es,

t hey may sho -t I SELI I [ r 1d S bthprQ’ ntially
advant ageousvggpﬁ f‘%a%@gé%h? gg%%@%@é%?éﬁrgﬁ t?ef%}%%ﬁ%wéH%g{éyof‘gE a si(tr)ngl ar
rate to whol 7t2§G4 armithodi¢seqasnde haengdolestvtopthpdentbundt fiveansnaadidr affinity
for their,,antigens as ol e antj.bodies. Furth tail f Uni Bodi es nay be
obt ai ned By urai R e8Pyt ST HaS Bt ss fien 7o R v

i ncor por at ed dYRT efehen@pnding il Snienhdid edgyence selected #AFH ithrashyuphealsk &3
represent a s of affinity proteins based on a 58- am no_acid

resi due prot &% @oﬂé?nﬁ%ﬁe?f %ﬂ“‘g? gfr’ré)é‘?i’ée’lﬂegf"ﬂﬁg PSR HIFREPUE8MET s of

st aphyl ococcamift iceduBsidutioh] &idibhes sn@hibxs éaté&el})@e(ﬁ@r@@mﬁ@sbﬁm_used as a
scaffold for 30the construction of caonbinatorial phagemd |libraries, from

whi ch Affibody vaFreiRtsedanapodisyfétis dineonesinelade waiede uihed reefidsdonse| ect ed
L5170, g ook e Ll VKt BUOISHANPROT e BRI, o
| i braries of paepedichel ihe antitiodet Eymically sedhdpinmawadormaiificatas aBintde thnol

decrease the immunogenicity of the antibody. For example, one approach is to

“backmutate” one or more framework residues to the corresponding germline sequence.

More specifically, an antibody that has undergone somatic mutation may contain
30 framework residues that differ from the germline sequence from which the antibody is

dernived. Such residues can be identifted by comparing the antibody framework

sequences to the germline sequences from which the antibody is derived.




1997;15: 772-7. Ronmark 1, G onlund H, Uhlen M Nygren PA, Human

i munogl obulin A (1gA) -specific ligands from conbi natori al engineering of
protein A Eur J Biochem 2002; 269: 2647-55.). The sinple, robust structure
of Affibody nolecules in conbination with their |ow nol ecul ar weight (6
kDa), make them suitable for a wide variety of' b5applications, for

i nstance, as detection reagents %Ronma_rk J, Hansson M Nguyen T, et al,
Construction and chiirsereeiieate & Vofrezed. ithsdfaliowos Eninneerkgepenaiioedeii n

Escheri chi a cgbdition k ; VLN I -211) .-an i nhi bi t
receptor int ergaét{!?ncg)r(lss Sgér)ldg@%&ﬂﬂ%m%p%@)%ﬂég%rﬁg@hﬁﬁigrgegncli’%] (?’}?hi bition
of the CD28- CHBOCId-thest phthbsstpioghions qgmbé bdsymataEGB28 slrimtide pegudfckd boeykihd gand
devel oped by i r.ial r-Qf ei. n. engi neeri Pr ot ei ng 2003;

16 691°7).  FubfharoBaihRs of R Rl RS et fLi G Rof ABsSaletaigned: ner cof
may be obt aij nenbdiﬁy? fefesfeincle? VeregionRak BaIt vwh58amJLa2ig l'&gcé;a?fv!ﬂﬁt!hg:k”

i ncor por ate reference in it tirety. . abel I e I bodi es may
al so be usefu%quﬁ‘ 'Pﬁ%f"‘r%‘ %f‘ﬁ%&f‘%&ﬂ@i‘f‘ém'ﬂ@ﬁ BsibioHewias dmmanwed of

| sof or ms. 15DARKI 08or(sDOSE aeds@nkyri n Repeat Proteins) are one exanpl e of

an anti body mnetic DRP (Desi gned Repeat Protein) technol ogy that has been
devel oped to expl ofWthemeerpifprdnalg? Ybragian bs fefowrenramvidnio tbgiqpahypeptd des.

Repeat prot ei Psiise s (A KWal Burflerh SURIAE d S hERSAL, PR Ot eI NS, Are
Ob1 QUi oS bi g e St Rt g St o o M 1 L0 B e g

extracel | U9 ar e orpHeiree offthesa @osiehslcar balrackinbieet ur gerhiiad seesmcadryapgatd ng

structural unjts LGh stack together f or | ongat ed repeat
domai ns di spl g’i/ei’ tnvéor(%%ﬁiq%r %‘éf‘ﬁ%?'%‘”d‘éﬁ 'Il;S“ﬁuggasep‘ﬁt?r hgpnaad ?&?f\a F’f%E%fjsed on
thi s nmodul ari ipdifiedfdoinrnditierA7aV, regibi RIF763 f (iRAMMRERTd #85entt bhwhtigR! ¥
diversified bihndi n sge%i ficiti ﬁan be generated. This strat egy i ncl udes
t he consensus® c?@’é’i"gﬁlg fe ?eq“fj-“&égéé it op-epadt hes Hiedpiiavypsmfravewreribl e surf ace
resi dues and #hbeiinudngndomasgenbl y into 25repeat domai ns. DARPI ns
can be produced in bacterial expression systens at very high yields and
they bel oy to t he UnBEioss 49y the lgmqum toa Gollewing fgam gvasko el dnjagiino acid

hi gh-af fi ni t y,J2ANBRi AS; proteins,. i ncl.udi ng human
receptors, cy"g oki nggﬁlnéﬁr&%éﬁﬂﬂnubrﬁgﬂég%rs o&%ggﬁggﬁgvi éreﬂéhense ' Z\.’nécla nﬁg?%b 3fre
protei ns, haverosseh thied efdhese poBODARM treshablavitmgd af dermiirtel sequentestténaking
single-digit NQIR i | ar range .can ai DARPI ns
have been useﬂéi n adr\?mﬁ cﬁarger %ﬁg@@?‘ggbﬁﬁsg%tu%sng?gi ﬁ@% E'HﬂﬁgssEL’T RAfeEd ngwi ch
ELI SA, flow cypedfiet form ofithalFYSixsetiBAESPGLI viumodnias agh esguside s whie)s, chi p

applicatigns, ;affinit rificati _ stern blotting. DARPins al so
proved to be %‘?gﬂf@#'é%rteg\gea”fjﬁ" ?%Q%Srﬁ'é%\gl“fhfﬂhgws AR HtmewIk exanpl e as
i ntracel | ul arsubminkens P iE dTsHE used to green fluorescent protein (G-P).

DARPins were further used to inhibit viral entry with 1C50 in the pMrange.
DARPi ns are not onMyPsBeE T thediobiesipp ks Rllpyise disperatkargior iming aciBut  al so

to inhibit enmyiress (UBBQH@@@S&nqu%ﬁf@st@ﬂ?di@e@ﬂ&ﬂ%'éltnﬁfnﬁ: h%ygand 60. One,
two, three or all four of these positions can be backmutated to germline sequences by

25 making one, two, three or all four of the following substitutions: E1D, V3Q, L4M and
P60S. A preferred modified form of the F9 Vy region is FOGL V (the amino acid
sequence of which is shown in Figure 6B and in SEQ ID NO: 46), which has the
following framework substitutions: E1D, V3Q and L4M,

Furthermore, for the D1 V), region, the following framework region amino acid

30 ‘positions (using the Kabat numbering system) differ from germline: 6, 25 and 76. One,
two or all three of these positions can be backmutated to germline sequences by making
one, two or all three of the following subsiitutions: Q6E, A25S and R76K. A preferred
modified form of the D1 Vy region is DIGL Vy (the amino acid sequence of which is
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been successfully inhibited, nost often an allosteric i nhi bition rode. Very
fast and specific enrichnments on the tunor and very favorable tunor to
bl ood ratios make 10DARPins well suited for in vivo diagnostics or

t her apeuti ¢ approaches. Addi ti onal information regardi ng DARPIi ns and
ot her DRP technol ogi es can be found in US Patent Application Publication
No. 2004/0132028 a lic Pub) i cati on No. WO
02/ 20565, bot*HO%}’ %‘Hﬁ ?‘g@@gﬁ%ég}ﬂr“éﬁ% @fr ‘E’P‘@ HBEHK ¢ hej r

entirety. 15/§a§§tigailoh{rg6@re an addi tional antibody mnetic technol ogy,
however in this case the binding specificity is derived fromlipocalins, a
fam |y of |ow nol EvtbeamotefagHic Ik ¥t wBwg. thaElows fratcuosl fegioanmineiadant | y

expressed in #BHﬂE?L (Pu HH@?(&%%R‘BQY% gk’tlerq%nfﬂe# RO LI AU 94‘591}18 ggl to

performa range o t| ons in viv ssotlated wi'th the phyS| ol ogi cal
transport Sandmst mr(ageeeofouc besti foal df %esemsntqnveandxe hamemltubxl @ geonlprunds.

20Li pocal i ns "have a,raob |ntr| truc re LN

conserved B- BEMSEFES Rk E‘“g@ﬁ%d‘f"?s YT 066‘Ei’vgf’tc@ggoulogt'%gwggmﬁ%"f he
protein. Theseln,aop3, ¥4m ngctsﬂ(earﬁnms&naq;réfa@ mbmﬂém@rm@cmbla\nﬂhgmn is
conf or mat i onal dlffg{lences in this part of t he nol ecul_e account for the

variation inBi%dvn %%&Pf‘?‘éﬁ?‘lye‘ﬁé%éﬁ ey R quRELei7Soedin #EQ WG e t he

overal | str ue;twr“ﬂu&fhabmeblv@mh@mﬁe\bmet?osmm@psr m b Bargonggr ved 13-
25sheet framework is reminiscent of i m*runo;;oilo ulins, I pocal ins differ

consi der @l y fromFankdrpet o5 thed:2t\ar igiopfthe ewwuérmgw@dﬁve@edmmo agidsi ngl e
| tid th
pol ypepti de yaghg SCILsiﬂ%@%{?ﬁéﬂ%ﬂ&nﬁﬁgocwmﬁr&rﬁ sPRIALNAS dhggE than a

single i mmn ultn I'ns ar ned an eir |oops
are subj ect edmtlmfehege pasgranmgan re bocideutattdtoggeenlire sémuehoealby rmsakadgldnﬁ aries of

structural ly bdlh SRt Q\Lllngcrbspﬁmg @Pebl %élg%]eéﬁaei%r[eg d?@el%r}% n di splay

al | ows the selection’and eenlng ng 3 t he
expressi on aril vy edisats BIGION, 3tk uflre apidat@ieRcd arwHidhrit hﬁﬁwﬁﬁ&ﬂgﬂ% A hitl

pr okaryotl c or ryoti st ens S udi es have successfully denonstrated
that Anti'cal |'%§E§§ﬁ%§ 445?(%%?@?5’@3’% Ratw'aé a‘?ﬁ‘@@lkfsi’@“f%‘fo“v%%ual |y any human
target protein capuRerhsR! fk 8’ BN, BiiBdiRgroAblihRiftaheSolktedi B@ame%@l ar or
hi gher range can be obtai ned. Anticalins can also be formatted as

dual targeti mgsippwtletipgsthe Kgbeapmaerinpuyeam) dser fromgesdinen!. Biandld: Oae separ at e
therapeutic 4argehifintdd PHRsERRoNs V\ﬁ %Q‘BQ%JH?&P@%Hn‘Hm%QE@%ﬁéeQ ?dal?gg,

st andard manufacturi ng processes l'e retalningtarget eC| city and
affinity regandltessr df thrdeet shterfalbewingbubetitutensak 1 Iarv i} and IstM wé. oéfarmkdng

domai ns. 0 ets.thr h a singl.-e .nol ecul e
is particll ar"lwd'ﬂengr'ff g%%oﬁ%%lf ROkl nsfcs‘agg@%t\&r@mﬂmfng a’c(r%’vgﬁwegcen%ﬂ%“ﬁhﬁn a
single causatshmen fnaGo¢ 8B Ivbd BxBEEY [D NO- 48y whith hisvat entowirgfelinigvoflor mat s such

as Duocal i ns have .si Elrlrél a{i ég otential in targeting cell surface
mol ecul es i n SUTEERERS BB A¥itA gl\é(oni stic effects on signal transduction

pat hways or i nducmgmenpw@faehme%ﬁmad.ﬁz@bhmowfei AalaBny bie & REidaad
clustering of cell ?urface receptors. Furtherm)re the high intrinsic

stability of OUYLEF fATeVakesiom PaBeR WidMBKOREITCCRR IFEaNS Raemeererding
f1 exi bl e skor gh@det RIthaRY, Q@&de\ﬁ%rﬁbta(ﬁﬂﬁﬁﬂﬁﬂuﬂbéefn%ty 'in%%ham{ Haddpickanal

information regarding Articalins can found in US Paten
15 also referred to as “deimmunization” and 1s described in futher detail in U S. Patent

Publication No, 20030153043 by Carr ef al.
In addinon or altemnative to modifications made within the framework or CDR
regions, antibodies of this disclosure may be engineered to inciude modifications within
30 the Fcregion, typically to alter one or more functional properties of the antibody, such
as serum half-life, complement fixation, Fc receptor binding, and/or antigen-dependent
cellular cytotoxicity. Furthermore, an antibody of this disclosure may be chemically

modified (¢.g., one or more chemtical moieties can be attached to the antibody) or be
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7,250,297 and International Patent Application Publication No. WO 99/16873,
both of which are hereby incorporated by reference in their entirety.

Anot her antibody m netic technol ogy useful in the context of the instant
invention are Avinmers. Avinmers are evolved froma large famly of human
extracellular 20 receptor domains by in vitro exon shuffling and phage

di spl ay, generatl ng mul tidomain proteins with binding and inhibitor
properties. LMeRig “’rﬁﬂefltbg'éCqSWd‘é?j‘eﬁ%FéMO AHEie g mo Hﬁ@t@alh)a@)eﬁt?éﬁféhom to
create avidi tynt@e@yr@a%ulomegeknwzsern%ﬁq aésﬁ.hwydwf@m@r &Pﬁ%f&wm conpar ed

W t h -conventional sin epi tope binding proteins. her potenti al

advant ages i neﬂlfuili?e'nSlOgﬁB'éU@ndtf@fﬁclfcalernts It o%cEUondeafofﬂﬁabau t ar get - speC| fic
nol ecul es in Escherichia, 25col i nDst an res nce to
prot eases. Avi ner slrnvvl ?ﬁmbocgmﬁ'gh%]ﬁo Teéfoﬂoth Id %mﬁ 8 Buecéﬁhabg“t gal nst
a variety df t)a[eg&:trSS}dues in the hibdéliepicanadltergaf @gn’ﬁlt:ie@ﬁdbegalfsikdmg TA\\&I rrers can
be found in US Pat A%% &‘%’I Ondﬂ;?'l i C ti o) 2006/ 0286603,
200610234299, RSP 0253 S 7/765’66@853&’@”“2@68 0951384,

2005/ 0164301, n@ﬂ%bﬂ@&&%&es.@fé?ﬂﬂﬁé Q:Qé@n%z%n 02003/ 0048912 . [oR3A4R175756, al |
of which are hereby i'ncorporated by reference in their entirety.

Ver sabodi es afie!hitorsaarbluat ihedalt anf keavy chaieciioinstpyserdidecrersethg siebilivsed in

t he cont ext Of.FthQmihﬂS\t ant invention. Versabodies are snmall proteins of 3-5
kDa with >15% cystei nes, which forma high disulfide density scaffold,

repl aci ngl¢ he hydrloph@ibﬁr@rrdmd@enhahe Hoypigeatsipr dtapiansbddavenutieé to epl acenment
of a large nu aci d ing the h dr.ophobi c
core, V\A t h a g%g{alse tfhe n%)ﬂ{f;?cgpﬁ)a l(%e estﬁ)r()g% ullﬁs/ltore Spr@ﬁcaf)l?’OC?ISIOh mtOHaftm ‘1

smal | er, nor eadiy chap i ar@m(rbm(i aggmegmm@ﬁ; a@da!mﬂfﬂer&pefﬂbfdl‘l%f‘meml ng), nore

resistant to grot gases an g 6\{1 has. a lo r denSItKiE\?f;

epi topes, becdl8e 4R ¥ (‘ﬂ?é e RGO S rPRRdS bR ocpgsY ﬁ‘r% Jation are
hydr ophobi c. ﬁ\hbmgwitwefto ﬁﬁﬁ§$c-ﬂl’n@@@6ﬁ1h:ﬁ$pﬁfbﬁadﬂ%| Ik Wbatitis BEdRELd in
|mTunogen| Clt and toget her they are 10expect to cause a | arge decrease

i n i munod ¢ detarl in FUS fﬁ@"ﬂﬂ%&]ﬁéﬁ'f‘%hy d &f&f.sabodi es cones fromthe
natural i nJ ect abl e Rh QRO TRERIH, %Iaﬁt.wdsaq%smﬁaym &&&E@ES bidfig K@SwaSPI der's,
scorpions, snails, and anenones, ‘whi ch are known ex it u expectedly

| ow i m*runogeni'féi W”Ol&f@r)tqﬂﬁgs metphsssté¢ elf:QF@tsiﬂrTfidt umabr pestoéihe follovibg es, by
desi gn and bYmaGHERULAG: k8afed OrashY FARSORIEE X ucdABLOK F0L Mhld APL) gen

processi ng, and epitope density are mninm evel's far belowthe
average for n@BUkLaIS o hfedt Abtreatprbt &iingease the biclogi€al hﬁﬁhitchﬁesmmmdjz tane of

Ver sabodi , fhese an d i CS. o fer a versati rmat t hat i ncl udes
ol o ovel B D R AR L T BB Rl Y G R e s
ti ssue targetiabg frioduheRopns A GHE ahsaN6RanTtc redien aininl IBO S deerib@Pinans.

Furt hernore, 20Versabodi es arff rranuf ctured in E. coli at high yields, and
because of th ??“‘Fh\{}élr oﬁﬁ?ﬂ‘*ﬁév G | AP 2SHellestaiisl,  Ver sabodi es are hi ghly

sol ubl e and can bepyf wmr@hggdlh@m@lE%F&@@ﬁﬁ%tent%?ed%9$ep1e¥ﬁ{g,%@i%9§!'oﬁéarﬁh g
exceptional 'y heat stabl e (they can be d) of f er "ext ended

shel f-1ife. A epidvavith peldiereat itra'ﬁola@ga@saﬁuraga Wrgratgﬁf@nt@rsfuwnn(bbofﬂmnd in US
Pat ent  254ppl An%%agp rFoPH)erﬁpG(@toh o5 ,me 1%99)7;/0%}?&@&% HPEH GRino ScFESRYs 234

incorporated b ference 1n 1ts en
235 236,237,297, 318,320 and 322 can be reptaced with a different amino acid residue

such that the antibody has an altered affinity for an effector ligand but retains the
antigen-binding ability of the parent antibody. The effector ligand to which affinity is
altered can be, for example, an Fc receptor or the C1 component of complement. This

30 approach is described in further detail in U.S. Patent Nos. 5,624,821 and 5,648,260, both
by Winter e/ al.
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The detail ed description of antibody fragnent and anti body m netic

t echnol ogi es provi ded above is not intended to be a conprehensive |ist of
all technol ogies that could be used in the context of the instant
specification. For exanple, and also not by way of 30limtation, a variety
of additional technol ogies including alternative pol ypepti de-based

t echnol ogi es, such as fusions of conplinmentary determ ning regions as
outlined in Qui et #oiher ReIMpl% OBt Bt BeEABIGY! S selppyd fogm 299 acidaesrues whi ch

i s hereby incobpanal,ed)ynef @‘;ﬂﬁ:@&?%:h@ d'if?e?en?@“nroeaaﬁ’re.ﬁ&e%w thasnducl ei

aci d- based t echhol ogi es, such RNA aptaner technol ogi es described in
US Pat ent NosmtlBJdYS@S aJE?ed (BICBBmduﬁmﬁd/dB reﬁl!Qedaﬂ‘BbolBhétB@nB%nenﬁd@mdem3,

6, 376,474, 6, 6 526 14,.120, 6, 26 87.6 al | .of which are
her eby incor p r xé%lty Fifﬁell?'én%dm“h ¥ ﬁ’gﬂ mafnah?rrﬁis'taﬂé" @%1?83?? S t he

i nstant i ﬁver&l%rﬁSiByAnisbgjedw/Phym caI Properties The anti bodi es of

the present discl sur ma b? further characterl zed by the various. physical
properties of the ’é‘?‘ﬁ"i Cﬁéﬁw %P5 YIBeTEAMINg A1 e duss WA ARTO B BREEPNE o

det ect and/ or3dliahd groest ek @ itkd@n antr ik ANHODr He AWM ddh e figSohaesehion these
physi cal 10properti es. I n sone enbodi nents, antibodies of the

present di sclldsiareraelyisdesstibechfughe '@Pcﬁﬁpblffgllwwﬁ‘d??ﬁr}u byiBodmei 41 a&i t her
the light or heavy, ?J?%h&ht\,{%&&:@? bTJﬁ;gr'eQ.Bn mmS’mﬁ&Pi%%fl?&asé) nle(RQ?t Ols 1I£1E0r €

glycosylation sites’ in the var e region may resu
i nmunogeniOci taytlhﬁdytmeleémltelabmlmt;dydcpeaderalctllalﬂeatcymmxb:ityt(h@CﬁB(aMJortthmcaem:a body

d t | t nt h t 19 A Rev Sioth

a1 673- 702: | oo ATER YR bR BRI BBiey o7 et S AREm R AR ok e
al (1988)114 thbﬁbl!dﬁﬂgb@ﬁﬁensl@% 23pji 246, KRG, 12002 263 )ze@lﬁsalngyzmws?ﬂ- 56R;

Par ekh et al Mol _ | I
3$r297 (7306? %&ﬁg)ﬁa 'r §7%§§0§2é@8§%@8{9a2%3§% 234 ) 9f5529(§g|?ﬁrgualngl ng an

N-X-S/' T sequeng¢esosVarsi &bl 809, 692,0N5 g;lmcg@ymt smawm@@za@ﬁs_’;ﬁdm& ng a
G ycobl ot ass whi ch cleaves the anti boa%g gr oduce a Fab, and'then

tests forldgl ﬁég’s%}I"aﬁge?’l“QJsf’ng7ar37@es3§§y38t2h AR 3BT d44, ﬁéh"d&a‘!)@ ™ dat i on
and Schiff base £i0rmld,f. Al &ﬁgp@&,tchvsedeycrﬁwfdﬁﬁ@ if cqgsu%n ooy §PgY! ati on mey

be tested using Dionex |ight chromatography onex i ch cl eaves
sacchari des fOORPE Fabyreiimt Mormornasthe bindmi dess cmﬁdrram&@dz&)s FtWé Fadilvi dual

sacchari de cqnt I n | preferr dto ve an
anti- CXCRA afﬁ&yl@ﬁf nd F@Rﬁ%% t;eerﬂ;n% egsl %j/zhnant% w1frf1 "ngroved mdmblhaveobseylf ation.

This can be aieturldavcbﬁeﬁltnﬁéy Rbly. csezl moi)ng}ia;mt(flhmdt%ﬁ@heﬂﬁ{)@)o Spedificont ai n t he

gl ycosyl agion notif in the y b nut ati ng. r esi e W thin
the gl yc?i’w 4GP HBROP IR T 3 %%% %ﬁsa s t’gﬁmﬁr &b?é%efmownkﬁmov Fes'are. 1
a preferred &dSTJBGﬂlIHEdem'bMIyamEE@Wu@,&o@fb:ﬁah@n PLERRMerdindGhas Rodo not
30cont ai n asparagl ne I sonerismsit dation or |soaspart|c aci d

effect may ocdCIHYPLS B?rﬁﬁlﬁg%q%?eqﬁé\é@nﬁe%gé%%w” The deani dation or

i soaspartic agbgaghteckssesults in the creation of isoaspartic acid which
decreases the stability of an antibody by creating a kinked structure off a
si de chai n car boxyn ftdranphaseribpdveant tiveagly qomdatiam of ag hetibedy isThedifededior on of

| soaspar tysc %(.i“li_'n%ﬁ af aE[@est n‘ﬁgoog/séag'ge fﬁgdé Q? gwlé%%bo%@?ﬁ)(s glm@dsyiatlgn%es a

rever se- phas aspar
Glycosylanon can be altered to, for example increase the affinity of the antibody for

antigen. Such carbohydrate modifications can be accomplished by, for example, altering
one or more sites of glycosylation within the antibody sequence. For example, one or
more amino acid substitutions can be made that result in elimination of one or more

30 variable region framework glycosylation sites to thereby eliminate glycosylation at that
site. Such aglycosylation may increase the affinity of the antibody for antigen. Such an

approach is descnbed in further detail in U.S. Patent Nos. 5,714,350 and 6,350,861 by
Coertal
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Each anti body will have a unique isoelectric point (pl), but generally

anti bodies will fall in the pH range of between 6 and 9.1 The pl for an

| gGl anti body typically 5 falls within the pH range of 7-9.5 and the pl
for an 1g&4 antibody typically falls within the pH range of 6-8. Antibodies
may have a pl that is outside this range. Although the effects are
general |y unknown, there is %gsculation that anti bodies wth a pl outside

the normal range r’rﬁgd‘H%ﬂi‘é'_}’é’b _WF@V&"@@“%&?@I P BB hetyragiielierddryre of a
condi tions. TBRchSRELEGHEH & a\jﬂﬁb%c&?ﬁéte@%mﬁ%ﬁp %%}ﬁﬁ’%}eg&e@ afi @ik bAfYos

i soel ectric focusing assay, ich creates 10a radi ent and may ﬂlti lize

| aser focusi néEstdoes 4rde peidhney hadedinaegsed Yapitng GeNz|stre@eee) SiEheberedphor esi s

23:1605-11; - La, 53: S75-.89, nt..et al (1998).1
. }

Chr oni at ogr ngg%sy %Eg[( é@ﬁmﬂhﬂ%ﬁh?ﬂéﬁﬁﬁsﬁ?,‘“‘i‘ff" asy é"epfr‘%‘ﬂé@f’@&r qu have an

ant i CXCR4 ant riddyiet hGitchcamblaidnse amopificatmhtieantthatcdngliklsedity, fdaexdsgidral range.

This can be achi eved either b electing antjhodies. with a pl in the normnal
range, or by ﬁ’{ﬂr%ff'inhg’cfggﬁofrydgaﬁ %F%g‘f%ﬁ?i&? éfsosﬁgti‘fﬁ‘d“@f‘é‘ﬁﬁar%”fé@hni ques
wel I known i naltdaed glydosylation machinEBCay & Bden RIOEYbW inlthd @V d@afBs hideBds host
tenperature that .is indicative of thermal stability (Krishnamurthy R and

Manni ng MC ( 268%)0 Bk 'PHarest sretikieH antibpdss ol thipydisclasyie ghderebhpnogude an

stability i ndkgabeswih eatel oiouenialin 3t Lhady. alali ildMaldaviwfys Jhe el ting
poi nt of an anti body may be neasure using techni ques such as Pfierential
20scanni ng? caMsr etk e fuchahtransfenst cqn2003Y8 @hrdin (. SscBOM8F@ a8 sudBhthal ando

et al (1999 i : t. : m_.ndi~gat,es the, t.enperature of the
CLitial oot %*."%83’%? RopesSidin ?’%3@5?@%%70%%‘?8??82 Spifiipes é%i‘r‘“gg%?“g&?ﬂf

conpl et e unf otabahydmfest ke HinT14BEY05, Gaivels 209 BUTE t celiSinpy wéereedd badte t he Tni
of an antibody of the present _disclosure. i reat er than 60C, preferabl
greater than %‘%?edéj\'/sélf?%%f)gthﬁfg#@ﬁ%q Y Cgf@t(gfl R rEdEe rﬂ’g“&f*"ﬂ’g"rtr‘{aﬁt?fﬁel §
the thermal si{sabUlS. PytefPuBlicaéibh NOHN40BEY7EHEYTRASANE @/ MSATIOY fhdn€ 0 rAlki e/

di chroi sqé%&rmﬁ,_al . EZ 02).1 Chromatogr Sci 40:343-9). In a
preferred enbdd Biolgelnplydiar g T418-226| drtnsther pempdio ERJL 176485 by Ylaeregr ade.
Fragment at i one.Qf; dagbnaasta;jcegﬁfgﬁvimtmwa:wsln?&emyge%g, \yﬁkmgﬁ&@e@ia' lary

el ectrophoresis (CE) an M5, as is'well understood in the an

(Al exander AJfUSEFYhFISBIRgheycIDBEYa00DBY esAnpicssehimrmugTe G82Be32)ibit  In
anot her pr ef eﬁfp%%c@%@i@h'ﬂ?%duciﬁ%“ Ql‘?}gbﬁﬁx ‘He%l;?fﬁ! Iebctgo%g—r&g%%l extx]za\r/n%. rl’ffarr]"irml
aggregation effects.” Aggregation nmay ead to tri ggering of —an unwant ed

i Mmune r esponge’ akd/descnag t@lrlads which hfaedpalehey npharinmciok hdbid c@e opREt i es.

Ceneral |y, t ' are eptable-wi th aggregation of 25%or |ess,
pr ef er abl %/0 2S&agg%gggés,amg{?etﬁﬁ%ﬁ@é?Optlb &f %Feél:ﬂnfg %@Oﬂ?g}i’wlyég ?esé'%%?"ﬁﬁ}ﬁe
preferably 10&zpne hasiydodexamnele thormempeshecabline V80/0(ATES TRIAGBL R TatT ON may
be neasured ever t i.qyes wel| known in the art, including
si ze-excl usi o ”bi‘SE_ftlﬁ’Hn%?§?é$9$#gﬁspﬁ%ﬁmf‘{?F‘E‘Fﬁ’ﬁ%%_"?riaﬂh@doﬁéﬂ?‘B?réfteéﬁ’r‘-‘éﬂhy (HPLO) ,
and i ght scabitiefdli@dlabilityd@ntthdhyfu iR TRnE2975liNRkdS arbbhy dFRES a9 redblifd BT S-
Met hods of Engi neeri n(t] Ant i bodi es As di scussed above,” the anti - CXCR4

'q

ant i bodi es ha¥WiPALcRAYalign af apkbedien rxpteassd imBatdiosicied wed alie Shicldsdhh. del used t o
create neyy anbboS¥EA. anbh DG 2530y ABAI M / sequences,
or the constgtnt 2f):egi on(s) ?aTt‘ac‘hed‘the?e%%{!b@%ﬁ%gﬁh?{hmg%?ﬁg{cosgggégt of this
di scl osure, tHefilscandsafreairodused wradbiskof egan aadeicABICRA Saitanb agylicafiort Nb.s

di scl osure, I - B2, . are.used to create structurall el at ed
ant i - CXCR4 a%%@gﬁggﬁ?ﬁa@wrrg{tg?ﬁ’ ég'% b %ass\f'ﬁho?lg 0 ‘tﬁﬁ%{g]i?’gﬁfé[m'ﬁ? Brﬁglet‘%“ g? t he
ant i.bodi es ofprodiced dipdott odlar mch subdmras Mdbtids ehr e du o dawTan i o ERb a Fiodt

exanpl e, one or. nore.. regjo f F7, F9, DI or E2, or mutations thereof,
can be conbi nséﬁewééeo%%?%ﬁ%’f”ﬁbe Qnssr ﬁ“ﬁ%ﬁﬂ*%?%{hﬁmm@” BgIOASIRHPYE Lo her
CDRs to citeataoaddidbikensad ,040es0mhb manidbnengLnaer 8s aotip, KGR, & | bodi es
of this discl %Zsére as di scussed above. O her tyé)es of nodifications

i ncl ude t hose 6d34} PhEmanteh dessriben sl dinescrpgingered praspressglydonepiavet eri al f or

t he engi neerifgiifying glycosyl transferases (e.g., beta(1,4)-N-acetylglucosaminyltransferase 111

(GnTIi)) such that antibodies expressed in the engineered cell lines exhibit increased



20method is one or nore of the VI., and/or VK sequences provided herein, or
one or nore CDR regions thereof To create the engineered antibody, it is
not necessary to actually prepare (i.e., express as a protein) an anti body
having one or nore of the VI, and/or VK sequences provided herein, or one
or nore CDR regions thereof Rather, the information contained in the

sequence(s) is used the starting terial t te. a 25" secqnd.
generation" SUEEECEEN}E HBFRUSIH ORI e BFﬁe@eﬁﬁﬁ{@gﬁf&éﬁ)ﬁ@E@? “Stadehen t he
"second gener@del W UmARALEAC 099 Vs BorRPANSd 7611800 M ARGy AFe RchE Ot ei n.
Accordingly, Tn another enbodiment, this disclosure provides a nethod for

preparing an randies gkbrantzhedy B pe elsmysdiodh uss afagosispmanainy. For eyamplheavy
hal bl - ! ) _
chal n variablg. ﬁn@%&@e Q‘IBH-PQQé’otsEiQ%L}g@S%E%ch%%ﬁ'ﬁ&@'egg%ﬁ a% PAMEIRGS

selected fromthe group consistin sequence
sel ect ed 5 omiLhe agr(bQifs) Bonsirstldrdg1@RISEQ | D NOs: 5-8, and/or a CDR3

sequence sel ected frogmth roup .gonsj.sting of SEQ ID . 9-12: and/ or
(T AT ght - chat Aol apresp BaRsTeaRl PG e SngbE R et rEinica” com
sequence sel afiiceBufeiopagylation GAO Wftibe oy 6dnsdeipagly tbd BERr kRANMDS inclasdhe a CDR2
sequence selected fromthe group consisting of SE 17-20, and/or a

CDR3 sequence'Yaiet{ag. 1 ym 1afdig pbip 2pterdy s f9 H‘ijéygfel g@%%@mﬁagamﬂdm

(b) altering @trabeastnQase, QFLAL iafdabled @:&i«.%ﬁem{sgm @;@dﬂ@ﬂm@lm«.ﬁmi n
vari abl e 5regi on anti body sequence and/or the light chain variable region
anti body Wequesdee eser o aldelydadenagye olgthkl. andecesth aersibyaigh saqefenee; and

(c) expressingdpg,al t%%&ﬁgat?a'&ﬁéd%%/e ﬁﬁ%{b‘?%g@o%g -Pgérgénrg.i Brefephiy] i d

nol ecul ar bi ol ogy techniques can be use 0 pre expr ess e altered
ant i body sequepgetionlPrratdrabliaan dachletiantadiod pr endbdednbyactihewah ter ed

anti body sequence is.one that retains one, so r all of,the . functional
oropert es oreiict BEE RS ER LM b BuR BB HE efirefr At unce i onal
properties i neldiehe tbiat ‘l‘;liutﬂ)e:thjw]gtne |giyﬁbn’eﬂnteﬁied(btb):n¢¢inﬂﬁ£smgy thhB]?drhw\se;f human
CXCR4 expr.ess nac su ce; (ii) inhibiting binding of SDF-1 to
CXCR4; 151(51 [ iled(i" ﬁ'ﬁi hve g?ﬁj‘ %ESL‘-O%F”‘-’Q“%HH EIPTRIGINE SHPH 9 "ﬂl‘i’(“’l(ﬁ?'cfellol) %’k%WDP*éssi ng
CXCRA; (1V) i 2MbB)-hdiAdhyPle-glydoNSUSBRHNQE Bl QM ARl 11§ cAWR GRsddNRenteXCRA
(v) inhibiti n&i?g‘p%l ?(gry tu Ye f or mat iﬁgln b;g/yHu\_/ECsl; Vi) bi ndi ng_tonhuman
CXCR4 with a tRermspofutpdepegylard isag gglyeasyialed apthedy ndldpeststgsiesylpinecel | s
expressing CXCR,S are known in the art and can be applied to the antibodies of this disclosure. See

for example, EP 0 154 316 by Nishimura ef af. and EP 0 401 384 by Ishikawa et al.

20

Antibody Fragments and Antibody Mimetics

The instant invention is not himited to traditional antibodies and may be practiced
through the use of antibody fragments and antibody mimetics. As detailed below, a
wide vanety of antibody fragment and antibody mimetic technologies have now been
25  developed and are widely known in the art. While a number of these technologies, such
as domain antibodies, Nanobodies, and UniBodies make use of fragments of, or other
modifications to, traditional antibody structures, there are also alternative technologies,
such as Affibodies, DARPins, Anticalins, Avimers, and Versabodies that employ
" binding structures that, while they mimic traditional antibody binding, are generated
| 30 from and function via distinct mechamsms.
Domain Antibodies {(dAbs) are the smallest functional binding units of
antibodies, corresponding to the variable regions of either the heavy (VH) or light (VL)

chains of human antibodies. Domain Antibodies have a molecular weight of
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20(viii) inhibiting tunor cell proliferation in vitro; (ix) inhibiting
tunor cell proliferation and/or inducing tunor cell apoptosis in vivo; (Xx)
i nhibiting nmetastases of CXCRe tunor cells; and/or (xi) increasing survival
time of a CXCR r tunor-bearing subject. 25The functional properties of the
altered antibodies can be assessed using standard assays available in the
art and/or described herein, such as those set forth in the Exanples (e.g.
f1 ow cyt omet r RPN mARbid 3dPsaDsmartishes daynlazbecac'ss:&ysc)flargaamemglay furerdradi ment s

of the nethodg mut ati.ons can
be i ntroduced ?rgﬁﬁgﬁ%li}%r?ﬁﬂégﬁgg?}d \b’?gA {)more hla? ?eSED"E%'?*??fu‘fe"bSr’?q%fG&??t? CXCR4
anti body codi m}hé;leqqe)rmld uandheslahbrraesubtsele(g cimbdthfat &el soific1EMeRgeant | bodi es
can be screened i ndi ng acti vi %ﬁloﬁad/or ot her functional properties as

descri bed herteal ri”agr‘l MRt Ny vRUhEEs. deeap Aplibediss apgwethr t For

exanpl e, PCT B&pbelslssziah barerlDyeR4 QA2 AEM AN anShirsh sihes Crf Ur e Sk RP S 4 9T
creati ng and SC n%@g ant i bOd nut at1 ons usi n saturation nut ageneS| S,

synthetic |i g%{‘tt anabhagds OBIPWQUC@BWEWaf nénbe plazinesk byAk feeampatol WePatent PCT
Publ i cation ¥03({R746709by ¢5878%1-¢/13% 19‘?%‘3@9‘6%53 U@%Q%Pﬁo%o%'l N4

conput ati onal screening nmet hods td opt’i m’zé phySi ochem cal” properti’es of
ant i bodi es. SEwNgedappatemi@pplidybbredol W33 Bscod Engplmt Rabodi 08686 & 061356519 scl osure

Anot her aspeclyff mﬁbﬁ’(ﬁﬁlbl‘?ﬁﬁoe\kpr%m@élﬂfﬁf\ Oﬁ‘ﬂ@&"fz‘a@h‘ﬁg § ul es that

encode the anti bo ies ‘hi's disclosure.”” The e c e present
in whol e tel | ¥0BMH02000etdch oY whick s Harei mc@:p@afeﬂ Ibﬂréf&’reﬁh&"h fik @rdlr@gf

substantially pure, form A nuc c,acid is 10"isol ated" or "rendered
substantial |y puri‘ﬂ"ﬁ%@h‘esﬁﬁﬁw L%‘iﬁ'%ﬁé{ ‘IhFrﬁPﬁ”(‘)’tCfﬁ’éjr‘e”(‘:se‘mtlf’lo%ﬁﬁ‘”db‘?'ﬁfm%nts or

ot her cont ani g1t afl @nctichINREpeaiRl bBhAkaMHUEdSHhdehASHI HF MhesdY
standard techni ques, | ncI udi ng al kal i ne/ Sgg tcr eaf men\’t}SC ¥e 'g di nge,spcol um

chr omat ogr apHyFAv AR Dedies Wneet & Bporasbls damdmdwé'r)anq COI('FI@W in the
art. See, F. dwsuBeCH2ahd cﬁd i&ﬁ%ﬂ)ly %Et&% 2Rl %Bﬁ&‘&'\ﬁm BQMPQ‘?C”' ar

Bi ol ogy, G eene Publishing ey I nterscience, A nucl ei c
acid of this Rfi’f%l}’cﬁé‘l@ll@wplw hﬂfh@ﬂf!w@ﬁﬂlbantimblodmﬁmaandofnworcgmanay not

oD ol e e SRIHRGRE, et SR R, FERGRTFOL e B b 2 nea

a cDNA nol ecul e | el ¢ aci
usi ng standar}dlmolaetdmdas aipd gindgyurttec himapives withor aantdsbetticasinexpr essed by

hybri donas ( red from 20transgeni¢c mce carrying human
i munogl obul ﬁrq%gg?]ng% %nogggsrlf) 88?‘:}%}’?'}\'@}%%? B‘?/W",“agf_’)m}é‘ héﬁl%‘i‘}ﬂﬁﬂ@’"ﬂ*ﬁé l'i ght
and heavy chahpsmertk smhesmhlmmdmdm@ cBbyipduh@s hybri doma can be obtai ned by
standard PCR anmplification or. cDNA cl oning techni ques. For antibodies

obt ai ned from an i St S‘E)‘m”i’?l‘hﬁéﬂ‘é‘"mi%% egnyeatignal anygpdies wiageodhspl ay
Lechni ques) , fuituciihaliad shurnsod! oesdritadkl hass ‘?\%Ho%ﬂleﬁ%&yﬁgﬁd from

the gene library. 25 Preferred nucleic acids nol ecu es of i's disclosure
are those end¥afispeclrey\hishaidinny &sfeerives aof ICche!hﬁ‘?nt t@0¢ityDHcawresterERke

monocl onal  anki;hadi&ste d%t%%%@%%gfﬁ%&qlaﬂgretagﬁfl EARS & néé%ff of F7,

DI and E2 are shown in respect’i ve uences
encodi ng t he erthefwmaé’ﬁmé@dm arg Extrdr@ely Bhblaman @acmmerslsi‘w\m nbeian SEERr IRAnNGs :

37-40, r %pe%_ ler}fl%ln)(see e.g. WO 04/041867, which is herein incorporated by reference in its
entirety) and are easy to manufacture. Other advantages of Nanobodies include
recognizing uncommon or hidden epitopes as a result of their small size, binding into
cavities or active sites of protein targets with high affinity and selectivity due to their
unique 3-dimensional, drug format flexibility, tailoring of half-life and ease and speed of

30 drug discovery.
Nanobodies are encoded by single genes and are efficiently produced in almost
all prokaryotic and eukaryotic hosts e.g. E. coli (see e.g. US 6,765,087, which is herein

incorporated by reference in its entirety), molds (for example Aspergillus or
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300nce DNA fragnents encoding Vu and VL, segnents are obtained, these DNA

fragnments can be further mani pul ated by standard reconbi nant DNA

techni ques, for exanple to convert the variable region genes to full-length

anti body chain genes, to Fab fragment genes or to a scFy gene. In these

nanipulations a VL- or Vu-encoding DNA fragnent is operatively linked to
encodi ng. anot her_ pr ot ei n, ch as an anti body constant

anot her

region or a ff"écgn%l”é‘a) ndesst %@afn@}erﬁ%%wﬁ:%hjvwow@ﬁ Hangenyla@g in this
context, is imtgnded ethUrSP@@stzhatw}t.Etelsthmm%r,ﬁdrawﬁéera{ce il @ O@ekuch

t hat the am no aci d sequences encoded by the two DNA f ments remdl’n

i n-frame. 5ThEepsesiugh@dprpmas léﬁé@ﬁhf@rfg’dtnhé“*ﬂ'%fﬁ@glw@mm@a@f obehssdreved to a
full-length n Ly, dlng DNA to
anot her hﬁﬁﬁ%“ﬁgﬁgngggpﬁﬁb‘?ggﬁgc 2¥ﬁa€8%g@g%9g“%glo¥ e? 91 CH2 and
CH3) . TheSseqmewmasmmﬁm&wdamtmﬂamybeﬁamDMEdmshamgsmagh@neggneaware known in
the art (see & ﬁ Kabat, E. A, el al. (1991) Sequences of Proteins of
Innunologlcal | P%rest Fifth Edition, US. 10 Departnent of Health and
Human Services, NTihe Rabd)dlmtm@%dl‘ﬂeee e9b1%\3243/))7%nd WM fsmagiBnéspaReOBPassi ng
t hese regions Fan be obtalngd by standard PCR anplification. The heavy

chai n const arft{eFeagF BAsEalrel 'Sa?rP"?lﬁ@tary mgiaod W@@?@@@@'a"PM'CSIaQ@“PgM or 1gD
constant r egld&ﬂredbm&etmﬁd B 8hehAaR Kigh- ﬁnr&&hbﬂ%e&fonlog%eﬂﬁ)ﬂﬁit&md Yeegi on.

For a Fab fragnent heavy chain gene, "the Nor-encoding DNA can be
operativelly [usekiadhe eonigbeliibe iny@mNAveRBPecul e encoding only the heavy chain
CH constant regi [NA eqi can be
converted to a fu?ﬁ OdWS%FTSHﬁr&ﬁﬁgl %%ne fanﬁwg qijebgtgkggﬁgb%{%chain
gene) by opermbn mlrwbwahkfthghmgereylm@ﬁw angbdaNA. tTdJedfietﬁdmeoft}[al\ilﬁngml ecul e

Chai n const ats PRUPER BARGLCAF S onr T e Cda T g IR e A

et al. ( 1991)an$ﬁmk&mﬁﬁi$en®f)marngfr@luﬂﬁramfer thAMB 8)veRhCAhdihdiegionSF IR ft h
Edi ti on, Departnent. of Health and Hunman Services, NIH Publication No.

91- 3242) a?nd d5sadirte e Welh Kemralbal [RG4 pribedies wginsHsnd dvs e ngbinkrased by

standard PCR.abpiht frhhdtd s9§]:em| WhiBk ﬁafa?[)é &l RERQML 18- ARlRain] dA€of di@Rles Chal n
constant region can be a kappa or |anbda constant region. 25To create a

scFv gene, t Heheyeaniimmiyig ragponsp awi ﬁ@”ﬂ*\bﬂmﬂ W&gﬁlﬁm@eﬁ pasgpdentet YmBpdied. i nked
to anot her frl%g% @%%Bdr& nﬁnﬁfflu%lop cﬁnin'oﬂ%?gtig % gut’no?ﬁﬁotqg Q(glsttg'e ami no

aci d sequence (Gﬂy -Ser) 3, such tha he VM an sequentces can
expressed as\d“@bmcxgﬁbugmsMWQHQMGhaLmﬂbMEb@ﬂmgtmbmmemhés&lmanmnwiml

regi ons jfin e |inker 2. €,.0. ir al. (1988) Science
ha: a5 Do, MDDl G morp Sov NGRStk e s niisd Ao eh7o. 5689,
McCafferty ettraﬂitwnal (4G9 Bytibdlaies) tieey 34kF sho b&bed JlistribR edoset i aagkr odlidvomee! onal
Ant i bodi es of this

Di scl osure cl onal anti bodi es (mAbs) of the
present d|scPﬂgu%Fmgéﬁ’%%mﬁﬁﬁaﬁEgﬂmﬁﬁ ngggﬁéﬂv h?EQ %&gggfnlncludlng
conventi onal siEine edi@ Ak hddtiGasib JiRdsRad &l QB 1€bigd withRQirSRRERI FSQR&RL i C
cell hybridization technique of Kohler and M]stein (1975) Nature 5256:

495. Al t hough"deftats ¥halertingiss. knrhag desnis of Beiledicegaape opjriedby ed, in
princi pl es otrae,ren&ee[s@Qeewmé@mswgwams HQE\QQA&@%E@&{BQJ n&gﬁ%&mtsbe

enpl oyed e.g., viral or oncogenic transfornation ocytes.
The preferrednraniyal system for preparing hybrldonas is the nurine system

Hybri doma product g, Jq) 4 A& IPHSRskR aBel &I NBliniBSaRNWL Bhed Py ogedure.

| nuni zat i on
. amino acid residue protein domain, derived from one of the IgG-binding domains of

staphylococcal protein A. This three helix bundle domain has been used as a scaffoid for
30 the construction of combinatorial phagemid libraries, from which Affibody variants that

target the desired molecules can be selected using phage display technology (Nord K,

Gunneriusson E, Ringdahl J, Stahl S, Uhlen M, Nygren PA, Binding proteins selected

from combinatorial libraries of an a-helical bacterial receptor domain, Nat Biotechnol
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10protocol s and techni ques for isolation of inmunized spl enocytes for
fusion are known in the art. Fusion partners (e.g., mnmurine nyel oma cells)
and fusion procedures are also known. Chineric or humani zed anti bodi es of
the present disclosure can be prepared based on the sequence of a non-hunan
nonocl onal anti body prepared as described . 15above. DNA encodi ng the heavy
and |ight chain i munogl obulins can be obtalned fromthe non-human

hybri doma of iI¥R7ek5eER- 7aﬁdn@w¢;|1n@mnéddthUd)tEntl\é.lNygnummum hewgoglotlinan)

i mmunogl obul i t ecu ar ues. For
exanpl e, to c?{e(agtgg%ggaﬁéIr%?'%]g%ﬁtcﬁrﬂgﬂmg”mn Ae'Var %{BI Epge'zgﬁ 3% c@ﬁ'ﬁ be

|l i nked to hun&@ﬂm%aﬁﬁbé@esmmmmg sm&tttl:m@d)fAlﬁmw nakchilR€ inddoimb(ra86n €. J.
U.S. Patent No. 8 6,56 tlo ZOCﬁ‘B(iélkH et al.). To create a humani zed
anti body, muri H8 I&%I%‘?’&ﬁ GHE™ ¥5& i ﬁ%é‘}af‘%ﬁ’ei“rﬂjﬁabée ionAdRde RERBWOT K usi ng
met hods kn®wnagphicitit@s, 36tinGSRE, £ deestidr& erR@ l@ﬂtma'r\p} Hank&wip ub & epter,

and U. S. Patent Nos. 5,530, 101; 5,585,0 693, 762 and 6,1 0 370 to QJeen
et al.). In aflpFetspsiog aé?rﬁ'@f(ﬂ?%ﬁﬁ“ont(ﬁéffé?ﬁ@x -Boehimgrapproginied iFsbtudbinr e ar e

human ZSWDHOC'I:(QP?- mﬁﬂﬁd]Wﬁ% 20@"%] 1%%'9) M@&%h%q%ceg ,ane?Qct.%S directed

agai nst CXCR4 can be generated using transgenic or schr onbsoni ¢ ni ce
carrying par t 8Sapdstarmek HnBu dripege, Nyesdngth, daltibiéon bftanCDhe OfB0se- syst em

These transgepic, I ansche.Q _§omc h.ncl.u referred to herein
as the HuMAb {l}o F)q) én% ? u‘é’@ 5 ““r‘beogbé’é?‘]d\f‘gl’?o"eé | ‘gregsiiflect i vel y
referred t® hmomnhrrgmeem‘rlgn&methﬁg 083" 630 The nduh%meiwbu@fe(ﬂ?bo&é%ar ex(r),
Inc.) contains mu 0 i n . gepe. mnil t hat encode unrearranged
human heavy (RR R‘%ﬂ({;fma?ﬁg qur H‘?ayé’%ﬁgﬁ”‘ie?rgﬁffg PRSB U PR Paadne®d 012 oget her
wi th target edwhidh &tlefMSintdlabralcBG FérvRA &R it H?evﬁ"ﬂéﬂ%genous n and ic chain |oci
(see e.qg. Lonberg&r et a/. (1994) Nature 368(6474 856- 859).

Accordingly, the 'a@@'eéxﬁ‘ff'ﬁi)‘i’esr‘@%é‘é‘éjbéksﬁf‘ésmwﬂtﬁf appbeationd tvdeternyipingnd i n
response to ijpuMingabt I9torrine i ntroduced human heavy and |ight chain

transgenes undergo class switching and somatic nutation to generate high
affinity human | g&ARDRodesizatd én‘t}lﬂbd{hp@’sp(d_@nﬂ)@regmehkanmleaﬂan m&w)

supra; revie y@n 4 bpo per i nren|

Phar macol Ogyv\?_%éug @ﬁsag er%i[g%erpggtjl’?{f?[el)nﬂarﬁ_r‘ Poéérthﬂt B1E>E) rgtg‘g)? Pﬂ?datf’ﬁ’(p}?éév

| munol . 13: 165b193|pg,abudjtrbda1fchnmgm:ﬂ%dy @ﬂgﬂpdpﬂﬂhemljedero(dr&Q5hh Aiky N of - Acad.
Sci _ 764:536- F§4‘:6|)e h lgar atjon andbu e E ng'é Mouse, and the genomc
modi fi cati ons CCATT LT RGERSR Bbiaptus 'f’fhﬁ‘ér’" uler e qeRurTaRliker , L. et

at (1992) Nucineibediégintis- Maseaiehidly 6PRB8288 modlMaharch tec@le fRdnkd 993)
Internatlé)nal 10l.mmunol ogy 5: 647-656; Tuaillon et al. (1993) Proc. Natl.

Acad. Sci?V USAPBEPSHDEur 7’2!45 (remsels). whish sledlomgsthtie famckmarted spar 117- 123

Chen, J. et alonf{ai% Qad e | . I'nnm nol .
152: 2912- 2920-  Tayl %&ﬂa% gtabée%d %raﬁ%%}h&g% %’Sﬁgacg qn%rﬁ%%?’iéy 6: 579-591;

and Fi shwi | d, mgsulsty, spmpingiggs! fmaatrm ef @lmmnmtb@;ghnyzldsvesziSecBlsaqmg he

contents of aslg @56 D &8 gineor por at
reference in th%l rHental r% yn ra%%éq?hlsrstﬁﬁtgg)’,mﬂggs t%;aélbenetns S”’%O% 806
5,569, 825; 5,®MpatiiderepsiodSplaydig VﬁiaWBQQFGEGIBSEip&?@d?o}QB?ﬁraﬁdoﬁﬁéss@dlﬁymto

5,814, 31 and 5,770,429; all to Lonberg and Kay; U.S. Patent
?5807’%%‘ &

No. 5 54 1A% et at: PCT Publication Nos. WD 92/ 03918, WO

93/ 12227, WO 94/ 2waa>msvwn%/paoaa&z in WtDR! 24884omndie WD 0 ¢#R28 el | to

Lonberg and Kahl d] EOPubI | gr’;\tl on No. WD 01/14424 to Korman et at
they belong to the most stable proteins known. Highly specific, high- affinity

DARPins to a broad range of target proteins, including human receplors, cytokines,
kinases, human proteases, viruses and membrane proteins, have been selected.
30 DARPins having affinities in the single-digit nanomolar to picomolar range can be

obtained.
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I n anot her enbodi ment, human anti bodi es of this disclosure can be raised
using a nouse that carries human i nmunogl obul i n sequences on transgenes and
transchonosones, such as a nouse that carries a human heavy chain transgene
and a human | i ght chain transchronosone. This nouse is referred to herein
as a "KM 25nouse,"” and is described in detail in PCT Publication WO

02/ 43478 to Ishid rt her alternatlve tr%ﬂ%?enlc ani mal

syst ens expressin@AﬁHWEﬁmWﬁﬁﬁﬁ& ‘%B@PY @8&@@“&?&*8@&rWéHP@B ‘e art and

can be used t@ndvatiSELRAL NotXERMeaRtAnROHL B\ @), TnbthihoRiseh @S UFEEH Agrch.%xarrpl e,
an alternative transgenic systemreferred to as the Xenonouse eni x

Inc.) can be agglsgtionsygfAnity panfigaonge S¥esidhe bllojting. D&Rpers@aahﬁm%mgwss Pat ent

oS 21 959, SHatPadi(Rimfid g Gechbhy 5(%2[{art§1e;lr5gr afh ?e@f! it O ik

Kucher| apati {ernative transchromosom ¢ ani ma
syst ens e%pres@mngﬁhuﬂa@nwnWMngmmhubmm(@@ﬁbﬁDAREmawawﬁabMEUMﬁtbhﬁﬂﬂrt and

can be used to ai se 4 ib of thls di sgl Qsu For exanpl e,
m ce carryingd"B ?Wp”mﬁﬁkgﬂ'ﬁ%FbVFEW§iﬁg??HH§EHF%ﬁB§S#@F@3®D PHRiTRN li ght
chai n tranchresesoweacticdf et geb foontalit eﬁEgl:mBi @a)teeéesammb@s WisEckinssdtehs havee are

described in Tonlzuk%,c/a/ (2000) Proc. Acad. SCI. USA 97:722-727.
Fur t her nor e, GSM%NEE?PVWWBmﬁﬁﬁﬁﬁ’ @EanéHH“TFQNPWBH&FW £ r %1% &45F Bifos ones

have been desgidifredhrichntM€oiht nleorGnd vé&umovme&rﬁaﬂg%)oowaws%mﬁé ot echnol ogy
20889-894 and PCT application No. WO 2002/ 092812) and can be used to raise

ant i - CXCRA arliAbbas well afited horan Hive diagaesties ortipeninc aorsetsnal ant i bodi es of
this discl
I's disclosure C@\'&dﬁ]}pﬁﬂ ||pfgrnparl:%9 #gx%llﬂg%bﬂﬁl’lﬂpmotgérw Iﬁ%k%%g%

screening libraries o uman | mMurto 't n genes di splay
nmet hods for HbmwanLﬁghhmnapwaamwﬂbwmeSHEﬁh)é@MdeQ@Reddﬂmmmh&mdﬂhnmSee for

exanpl e: U S 2 3.4 1,698 to Ladner et
TPUTS, pardiRRL PRt BBaN O 6000 1) i B G 7 pe ent
Nos. 5, 969, 10&k&ndniﬂﬁm&%ﬁuﬁ97 to Ntcafferty et at; and U.S. Patent Nos.

5,885, 793;: 6,521, 404; 6, 544, 7§ i g S 582, 915 nd 6,593,081 to
Giffithsoclot HufaHaiBhERBALT '%m Mioa gﬂf&?ﬂﬁtt?ﬁhgoa% PYEYS & 1559581 so be

prepared usinge @%% 5pes.each £sQleMbHAGT D HFBRRIAsMATHRR1y Gt h dvp RV S 2 DS Pht
reconstituted such that a unan ant i body résponse can be generated

upon i mMuni z@F$HAs theannaiely ardabydediatly pedessei inhaman Beskesmyd dodySigds. Pat ent
Nos. 5, 476, 9%;;&%1%%9@&07\@3 t% %ﬁ%?ﬁé‘r&g@o@hnkﬂon@ rpa% L GHLigkh %iRtRf erred

enbodi nent, human anti - CXCR4 are prepared using a conbi nation of
human | g nousvéy&acﬁdé,tp?Hargespdrt@ptﬂ syragecinhienively scastivesonidhéds Gompgusls. Pat ent

No. 6,794,,133 . 0 fically, th first involves
ai sing 48 antrooeuias PRl B ML SRR e RN AT o
25HUMab nouseviidh dpparsuse la@sdmnerbmd:salﬁdmep)otby Thmmtmn;zs ﬂlgn iheenmuse wWith

a CXCR4 anti f.ol | owed by isol ating.nucleic

ant body  chaine BPHBePY A e gRr etk BuUBE b TR A Chese
nucl ei ¢ aci doid th¢ Garutithh St iRding/@etiatin( ierdeen iRNAGEN ip6caRROVi de a library of
di spl ay packages. _Thus, each I|brar¥ nmenber conprises a nucleic acid

encodi ng a human XHFFB%HV@@NéFH“@ﬁ& éﬁ@ﬁ”&ﬂ@?ﬂﬁ@?“@ﬁ@“ﬂq%ﬁcm“eWEdB'

25 sheet framework is reminiscent of immunoglobulins, lipocalins differ considerably from
antibodies in terms of size, being composed of a single polypeptide chain of 160-180
amino acids which is marginally larger than a single immunoglobulin domain.

Lipocalins are cloned and their loops are subjected to engineering in order to
create Anticalins. Libraries of structurally diverse Anticalins have been generated and

30" Anticalin display allows the selection and screening of binding function, followed by the
expression and production of soluble protein for further analysis in prokaryotic or

eukaryotic systems. Studies have successfully demonstrated that Anticalins can be
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30di spl ayed fromthe display package. The library then is screened with a
CXCR4 antigen to isolate |library nmenbers that specifically bind CXCR4.
Nucleic acid inserts of the selected |ibrary nmenbers then are isolated and
sequenced by standard nethods to determne the |ight and heavy chain

vari abl e sequences of the selected CXCR4 binders. The variable regions can

be converted to full-length antibody chains by standard reconbi nant DNA

t echni ques, s&5IoRe BrGHE sRFCGF feertiadly pabhumandgiseirsoterntcan bniselaisd @adi on
vector that Ccghbingarinfifes RHFBRaMRRYMN oaﬂﬁhér'rg@te EGd Spefipst ant regions such
that the VI-1 regron is operatively linked to the CHregion and the VL
region is operati vféiptjpal"ﬂsrp&éélsﬂ be Birinattadlas ﬁeﬁltﬁgetmgc@rotanf so-télled Dabesding.pt i on
of the prepar gt f odi es us§ t hi,s conbi.ned
transgenic rmg‘slb"}%raﬂg]gbel ‘cyflr@ glsgmalte R nggaeré%'g pF Eas y P SHETPMSHE of  Human
lg Mce Vmenpﬂmmmamsad@mmm na:rnefausadg pmcassaass»emhmﬁm@mrgéa@ﬁhcﬁmtpfand hi s

di scl osure, h. 10m ni.zed. wth a pUI’IfI d or enriched
prepar ati on of‘ W&aéﬁ:ﬁ %ghe ﬁ’f’l’&tf' oH & iMBiY kéﬁf‘”@(@@é YPak%el | s expressi ng
CXCR4, or a CXCR4 Pfdti&llﬂl’bn@f%ﬂldbta%@tsdﬂ%ﬁgfﬂiebﬁx%l@%ole@ﬂ@%ﬁﬁmcmar!?t al. (1994)
Nat ure 368(6474): 856-859; Fishw l (1996) Nat ure Bi otechnol ogy
. 14: 845- 851; adyApfagecys mUbieREa kPG MONIBYcIAE 8 than A dingls causativesfadior. Pr ef er abl y
the mice willpRedfeli WeRKiSvOEn A0 P80, Ly Sk oriff Oy 15exanpl e,
a purified or r ecombi nant pr epa{r at16n (SJ[Q%E Cclfar%;%gggﬁntléen can be
used to i Mrunpeentizhe téraetong Cblgsurfa@emlom:ulaperdlstemetabdsgnng,l\algsmnstp:reéﬂ”eetsabl y, the
i mmunogen use i Nt s of, this dis sur onpyi ses human
CXCR4 inits ﬂ Iia?\t/ré'%gtﬁ)% h gth%a)gnopvmrgd[ Feimh%'éhaﬂlcaer%?[gwgf:zaﬁ%gﬁ?c \ir'?ﬁ'ﬁg’g&anpl es
of whi ch i ncl ardiecheedring of cainsffectredtptoss. Emﬂfaﬁraﬁre@)@%h@ﬂrllﬁmm’bim?bf sur face,

cells that n e re CXCR4 20(.e .CEM_.cel | and artificial
nmenbr anes (eag’{"\’/"al Xsd (g’%aé%!? 'r?t"E)O’Wﬁ'ieéﬁ 7S, ﬁg&” fi‘%‘i‘ ti’?]%‘i“b@‘r“:’i’t!@ﬂl such as

magneti c prote@tlvbrpq@@ﬁﬁﬁ férl\yRI,o%Ahﬁshat i ncorporate CXCR4 (described further
in Exanple_ 1). tail ed procedures to generate fully human

monocl onal® anti boda‘@é“ct“é' ipformation Teeaading APBRRINS FRnibRApHIK én WSBateatiNo.Ccumul at i ve
experience W f Bsy/gyyi a‘ﬂH?mé’rﬂSdcﬂerﬁxtéﬁ@% &ﬁ;%{?amb%a;ﬁ on ]\?be\’gé %‘ﬁﬁﬁgh otiLEe.

respond when initially inmunized |ntraper|tone i'gen in
conpl ete Fr euwbll‘c%ﬂf&d‘ﬁ@baﬁmwﬁ@rqﬁd\mﬁet@w@en@‘w eotimar week | P inmmuni zations

(up to a total of @otl’@;éﬂﬁ%ﬂ%hﬁ?@m&? Q@gﬂﬁ)gﬁﬁ ?n r %(%I wt%{%dlms a pt However,

adj uvants ot her than ive'n addition,
whol e cel | s imverhien atws%hmersoﬂvmmhrua/ramolmdecrdrmalhdgetﬁambg ohhgidnyextragelllageni c.

Th 30 b h f.th ti
or ot ocol & ¢ heBTR R e nRy S BRFiRy ot e by EBsckbredre By SRR The

pl asma can beprsm‘ne&n@dnlbb’ngana%ﬂ(lﬁﬁy ﬁﬁ%§€rﬁésb3ﬂnl@@ ﬂ\é\f}lplem fdes HMcﬁrﬂ,
suffici ent t| ers g@ gntl-CXCR4 hunman |m'runog]fo ulin can Be used

f usi ons. ISP OHPEHAHBYSDY TGN IBRIOY etd fstyd@%wéfcaife
sacrifice andcd’nmﬂa%th@on&éﬂﬁoﬁpktﬁg@—?ﬂt&pe'b$ndﬁ%ﬂ:ﬁ@t&ﬁg @)h\@? p&er%a“ﬁ%rﬂ%sf or

each i muni zation may need to be or ned t ween mce are
typically i nﬂﬂﬁP%ﬂmP%@“éé@ﬁ‘e&‘mFP Hon Q@Uﬁillawebmeﬁ'ﬂﬂ@ﬁ%&ﬁé'ﬂ-f@@hezwétﬂr ai ns

are used.pgdn ﬁ)ﬂdirﬂdr@%d t%@stﬂgﬂ ﬁ@%ﬁ%’&%%k%? e&%uﬁé? Wi |?J g4 hoget her

into a single nouse 5having two di fferen eavy c ain transgenes
( HCO7/ HCol 2)affimtieschanabéonebipined against a variety of targets.

Additional information regarding Avimers can be found in US Patent
Application Publication Nos. 2006/0286603, 2006/0234299, 2006/0223114,
2006/017783 1, 2006/0008844, 2005/0221384, 2005/0164301, 2005/0089932,
30 2005/0053973, 2005/0048512, 2004/0175756, all of which are hereby incorporated by

reference in their entirety.
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additionally, the KM Muuse(r) strain can be used, as described in Exanple
| . Generation of Hybridomas Produci ng Human Monocl onal Anti bodies of this
di scl osure To generate hybridomas produci ng human nonocl onal anti bodi es of
this 10di scl osure, splenocytes and/or |ynph node cells from i nmunized m ce
can be isolated and fused to an appropriate immortalized cell line, such as
a nouse nyeloma cell |ine. The . resulting.hybridoms can be screened for the
production of ant s}diéﬁ-k‘%‘ﬁ?cﬁ“f nother entibady g'_é".]é{f—adfc Bﬁr’jg%ﬁ%ét, Cogl;aﬁ’ﬁlué‘ﬁddéﬁe

suspens It ﬁnfh%n&% @"mhecipﬁ%mhxeBX63thr§s%e‘5r%emibsrawmz?p;domlng@fmrkmevilfhtbsxs% t I0I

one- si X e nunber o - : nonsecretin mouse nyel oma cells
(ATCC, CRL 1588 "G Mhibdorprtgh ’Sﬂ'@ﬁﬁé@ﬂfﬁibFcyﬂl,ffoltdh@rgn@r:iﬁgﬁ_@ h&éﬂ%@éfs@éﬁsi on of
el d basod o ae Tl B I e B T RO |

f usi on el éct r@bi@,r@mrisi@mwdﬂosbéb&kemofé@,a shradl numbtrer dBulfueerehsyi and) .
Cells are pl ; Xl : in flat bottom m.crotiter plate,
Fol | owed by i s SRATaREL FRHOlbrdyictis, diichl@n B b RRIE kg 26oc
fetal C one Seoramsisid®bo &84 secowidicsi oreds mbtheaderBly of T-geheptofEN)scadbe MM

L- gl ut am ne, mM sodj um pyry uvat e, HEPES, . 0. 055 - e t oet hanol ,
S0 uni to/ mi " JERIEnTthe R feSise PELE Biroriion a8 WGRIBort LI P and 1 X
HAT (Signa; tiheelpipeitiss adard-kddwh eiifectibi@inob e fUsicaBlethofiHe @ fare
approximately two weeks, cells can be cultured in nmediumin which the HAT

i s replacd Z3Rgcied tPrrause AdTEs drGEpseviBPEURESNiEen be screened by ELI SA for
human monocl onal  hgMapgddd GaRtiBegEEomPRSh BXhARS] MRchypPr | doma growt h
occurs, nedium can bé gbgerved usuéﬂlfigrter 1‘0-14U éy@?[%ﬁe ant i body
secreting hybnomhermesed mals pendpegdibatieathess srbesneakeay adanpiomsnshailf, asd i | | positive
for human Ig cl on t i bhodi n.be subcl oned .at | east tw ce by
limiting dilu s RAOE b2 ARbw M RBH BB A0 P P RS BRET B SRS Vi O
30gener at e snmlettednmumt sroefn familieb,ddyesipn hidiguereebihg thea i BT LOFhSOCity,
character{zation...To purif¥ human, nonocl,.onal ant.i bodi.es selegted

hybri domels cdFOBEY s BUWECH Propsiyne- P PPIORF AFSHY #E URIFedro Ir8AS & BRAN Bt i body
purificationaygugeﬁﬁaﬁaﬂtﬁmﬁﬁamgﬂn&hgtered and concentrated before affinity
chromat ography with protein A-sepharose (Pharnmacia, Piscataway, N. J.).

El uted 1gG can be @HadReH S5 4 VEtied Foptitr@sP «vanetirgHissarrdttance
l'iquid chr ometpgh aRbchiBeSRIUNRIRYY, fulti-spEBc M hfd@er$iQ oW hdi PR GRRh Rfsms,
exchanged into PBS, and the concentration can be detéerm ned by 0D280 using
1. 43 exti nct itpredyaetinecnedes amhdie gpigoed Grid ansibrdydedegien. canthpenat.i quot ed and
stored at,y 8 - [ - f ectopas. Pr ' nocl ona
Antibodiég)o?véﬁ?gmgﬁggﬁgéﬁ?@ugé"]éqgﬁﬂﬁ@%@ggﬁégngg&%kggﬁ i'Scl osure al so
can be produdgdrophiliaithostsmadlsizet Yasdbdet omhigtilyisnipplefand caxanpineslated to

conbi nati on qf ,reconbi nant,,DNA t.echni ques anpd ne transfection t hods as
Co el know T ERRET PR, Y Pyfhoni B sh o p e DE  LEPRGE T bS8 505
For exanpl e, dffer expidesshefbigfeant i bodi es, or anti body fragnents thereof DNAs
encoding partial aor, full-length |ight and heavy chai ns, can _be obtained by
st andar d npleculaﬁdﬂvﬁwﬂdvmf WﬂFﬁ%@§m¥%?§¢?m9ﬁﬁf§ﬁﬁ?WﬁF%H§ﬁ%ﬁ“br cDNA

cl oni ng usi NOARLBMRLIFAeRRGLNRL. BOPOESSES Whh® | AN LRORArratk b EfefSinke AN the
DNAs can be inserted into 15expression vectors such that the genes are
operatively I'lsfR&EY o transcriptional and

The detailed description of antibody fragment and antibody mimetic technologies
provided above is not intended to be a comprehensive fist of all technologies that could
be used in the context of the instant specification. For example, and also not by way of

30 limitation, a variety of additional technologies including alternative polypeptide-based
technologies, such as fusions of complimentary determining regions as outlined in Qui et
al., Nature Biotechnology, 25(8) 921-929 (2007), which is hereby incorporated by

reference in its entirety, as well as nucleic acid-based technologies, such as the RNA
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transl ati onal control sequences. In this context, the term"operatively
linked" is intended to nean that an anti body gene is ligated into a vector
such that transcriptional and translational control sequences within the
vector serve their intended function of regulating the transcription and
transl ation of the anti body gene. The expression vector 20and expression
control sequences are chosen to be conpatible with the expression host cel
used. The antPH@H?*FW@H@g@hﬁ?ﬁ“@%H%Uﬁggwﬂhﬁo%ﬁﬂﬁﬁbﬁ&SWééﬂ%&éﬁHBﬁ7@ene can
pe I nserted 18l s6DBIAY A4y BLBL1RTs 6 1TRE, d ViB1198)6 Yo1 PAIRASORTIANR of
inserted into the sanke expression véctor. e’ antrbody genes are’inserted
into the expredghore heeaby omcolppra¢dindafetnoe chdd de (gddn thelcbgettiob theddstant
conplenentary.re%triction sites on the antibody gene 25fragnment and vector,
or blunt end [Tg&t%n if no restriction sites are present). The light and
heavy chai i vari abl e regions of the antibodi es described herein can be used

to create full-length an@i body. genes of any antibody isotype by inserting
theminto exp g : €A} eady encodi ng heavy chain constant and
l'ight chain constame B8RRI Me JridenidBRISEE nlag 8k YRHep UM cfNAd e, VH
segnent is operatively linked to the CH segnent(s) 30w thin fhe vector and
t he VN segnentarjoss piystcat prowsrijes|of teedt (3K GRreanGbod esg imiousmstdyis ma the usegict or .
Addi tional ly ofq.al.tglnatisel Y.L recanbi pant., expressi on, vect or can encode
a signal peptide t{1at facil |vz¥gf'é‘§”é”é’éf”é'§$%)ﬁfa&6f'”?(ﬁ% bé?i’t”i”l’o’ébc'i’ﬁ“ ERAIA from a
host cel | 10 Theroaettithody chai n gene can be cloned into the vector such that
the signal peptide.i s |Linke in-frane to.the amno term nus of the

anti body chain genlé]_sgqlﬁgmg?ag?l‘g‘fts’68{5'%?%@ 0@% pf)eéerg]rq'sflﬁﬁﬁﬁﬁ’ﬁl’ 6B A" gnal
peptide or a hetesposgaus satgnalihgentligieolicad;: chad vaHgN@legRAPTHhEBrefdnam a
non-i nmunogl obulin protein). In additjon to the anti body chain genes, the
reconbi nant eXpFELE MGH RECPHRIEONGH e Ry aFirle FaamBayIa sl §n insgrasest or v

sequences thatmrﬁtﬂ{b'gérﬁéitytJTQh@éﬁlﬂB@@sér%H_aﬁéraﬁJﬁ%f‘g{ét ioGdNe &{B;@g& ARNESdry @ host

cell. The term"requl atory sequence” is intended to 1 nclude pronoters,

enhancer s ' and¥bigaeb ndirp (ashale! eonP DI Arel Emehivs qred 1673- 181 Gald&nydndt i on
Shgnale) L natyGRh el AR LIANSEILPL AR WARS! AUAR) 1) 4GB RRYY

chain genes. Such regulatory sequences are descri
Goeddel ( Genel®xpriesBiGda00R) Téehiologyy2 4 NetBR IS rdkh ¢ ENAYIRS) dgyrd B, 45Ackadeni ¢

Press, San Di R I VLY I reci at,ed hose skilled in
the art that ?ﬁ@nrgg@?[gyﬁ%gﬁﬂ%ﬁé’”ﬁe"%'ﬁorlé’szsé?zhﬁ%c %Crofy'f‘%oé‘%ﬁﬁjﬁeﬁﬁ‘t"ﬂ‘én el ecti on
of regul at or yosecuengiésconnmiyngedentSdrsequabe. e iable Se@sn tih@sER@dGRayafe t he
host cell éo ge %r an;sf(g[rmlg, t he | evel of ﬁﬁﬁr ession of protein desired,

etc. Pref&?r e FLYTGE GPGOFseMclch gravss hman ooy orpducs piFalapt 888 on

i ncl ude vi ral tedtbelr@eadyatiohatinghd 86dy thitGheabB¥%Ele 0fic BL@LBH AnLXME@ESEoN i N
manmal i an cel {?s such it%%aﬁx? onmoters and/ or enhancers derived from

cyt omegal ovi r PENEEW® &h VeRgblfsreaion glygaylation may b¢ fesigd usip@Dignex kigie
adenovi rus megREma& 8RR CY Wﬂea@@%a@&lﬁ@&&rmﬂ F&patively, nonviral
nma

regul atory sequences may be used, such as the ubiquitin pronoter or
P- gl obi n pr onBersacckande afdanplyess, the iedividatiopchelidnentest. donposiestaptes, itis
cont ai ns. Soquineee o Bt QA GRS AR aded o PR Sl e
repeat of hungpcodylatedd Theuke b achidvedisititey pe selec(iTakmribedieihaeto(nb9&G)Abt Cel |
Bi ol . ' 8: 466- 4tzgéi'ycosy!ation motif in the variable region or by mutating residues within the
glycosylation motif using standard techniques well known in the art.
In a preferred embodiment, the antibodies of the present disclosure do not
30 contain asparagine isomerism sites. A deamidation or isoaspartic acid effect may occur
on N-G or D-G sequences, respectively. The deamidation or isoaspartic acid effect
results in the creation of isoaspartic acid which decreases the stability of an antibody by

creating a kinked structure off a side chain carboxy terminus rather than the main chain.
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In addition to the antibody chain genes and regul atory sequences, the
reconbi nant expression vectors of this disclosure may carry additi onal
sequences, such 25as sequences that regulate replication of the vector in
host cells (e.g., origins of replication) and sel ectabl e nmarker genes. The
sel ect abl e mar ker gene faci litates selection of host cells into which the
vector has begn |nE g{seed e d., U S Pat. Nos. 4,6 399, 2&6, 4,634, 665
and 5,179, 017, &% ‘%“°A§<°€FP"‘ cagjd gan Ve Breanred Hsng angSpaiuRal 4557vt WRICh Mics et abl e
mar ker gene c;mfr@r[fhageeswm e fdrosddipapi ackiuch as 0418, hygronycin or

30met hotrexate, on a host cell into which the vector has been introduced.
Preferred sel ect abPe! HaPRET WidiRes? Phayaiges! o RITHRlY-Srbssaer!ly adibedisse

(DI - LER) geng,i(frarinUfepti Pn0bf 55t 481lss W 41 fBINOGT GxRlo8y 1ypical
sel ection/anplificati on)}ldand t he neo gene (for 0418 sel ection) Fy

expressi o offalishathin gistpHaneeermddvi> atdehagl fog ﬁbléﬁﬁ@ﬂé@ﬁmmwwdh(vs)hﬂencodl ng
the heavy an% 1519% ¢ Bps. SAhﬁb&dreQ%&%%éaﬂPt tﬁﬁtc?s &*t (ffh:scr%ga.r QXLh%\%g@rlgcﬁrd

t echni ques. evarrous forms of ter ransfection ein ed to
enconpass a wifdes marglemdrydlyojnkhmrhmhmwsspmmmhyt ansibod Esowitht Hd dundideabluct i on

of exogenous DNA,into a roka or e tic,5host cell

el ect r opor at i"SA™ CHI&E N 6}’1‘30%’5% t"?‘a%@f T‘Tt?ﬁ/ Y AN ABEAR G ERNIHgRS. t?’H‘nsf ection
and the |ike.jsoblethioupght hlay bstek@0ti Rt & Eaphilayy ROSEIME Bl pOXRREHBick BRates

anti bodies of this disclosure in either prokaryotic or eukaryotl c host

cel I's, exifr esitberedientznt Msyattias lpssr 815}{%'?%*{ I”é’eéiffldlﬂéc‘”f&bié]aﬁﬁ’éﬁ’ BED08} abl y

mammal i an hostye G@bhsiesit §.) 148 TORfa ePErﬁfz%bi)e@'thI%Qz%g%hn%‘S@*'S?@Lﬁ@aﬁb{ﬂtc'r g cells,
and in particular’ mamalian cells, are nore han 10 prokaryotic

cells to assél}ﬂlﬂgé/§nd9ﬂyé@e4t&335|é1f66belmlsymﬁmsmwsand nrfrfnmwbdegve(falahy active
anti body. Pr %‘)@(EIY:?H ﬁ( c%fﬂa‘?x@ %fl vﬁ”% Eé,QPfQ%{ A0S rl?o%egh cEOEé ed to be

i neffective for pro active ant
and Wbod, C. aBhie{cli®B8byr bbrnnlﬁamlg,agybo'ﬂmﬂa\yth&pl&thB)mrancrl ednge, roeﬁymaammagl an host

cells for exp ssing.the reconblna nti this 15d|sclosure

Pl nde Ci R R AR i SR PR e R R SR R b T o> ol <,
described in Url a&bcmﬁib@ya&ﬂlmave(i%&hg E%rnq;érauj\daiﬂat isAedidatlvSoLCthernldBA
77:4216-4220, FR sel ectabl e mar as described in R .

L a2 ety R ehihreiriy Gy A L LS byt e Pioraees h I ol |

COsS cel | s andy BRRerGdrhal stdbiitP Hdlda@i bRhter HRFallmab¥Myt ol ye) omR cel | s,
anot her preferred expression systemis the 20GS gene expression system

di scl osed i n MAiEmAY 4620 Etigody Mavby mearmyedoing 1gRBessuBedsisifiiRiens) and EP
338, 841
(Foo BebRin %Bﬂ)netr%ﬂg&n e?&R%3%§m?i€&%S®%9%P;’@%HHLE &9&9@493' es are

anti body genes ar Introd host ce anti
produced by dubwaelilnyg cBHe- SIﬁh)sfmoedltaHeSftbertemppetulremzf thf inttiahenfsldinfiofilent t o

al l ow for expr SSIO of .th |bo Ln t he e preferably,

secretion of TH&¥nt P’b@ 'ca “‘F%eﬁ aurg §f Ompégﬁﬁﬁoffﬁ% it]?/ﬁﬂ"gﬁvc[ *he host cells

are grown. ArGédnbatly, esis @ﬂ:lﬁerbﬁ thraech@\nan @flarf &mdibvdyNe theipredenedi Kabehu ey WshiBig

standard protein purific t|on rrg"thg? Characterlz@tlon of Antibod Bindin
B &P G t

to Anti 'en *m".GS .Pé%fefa ply gfrater Y8 TRofR PSRl giEder B K Hdi ng to
CXCR4 by ,25f oralg@exadplse thsﬁamgtag;dtyfdqumﬂﬂoemwe RENDAASIngShRGE: t he

anti bodi es of this disclosu
dichroism (Murray et al (2002) J. Chromatogr Sci 40:343-9).

In a preferred embodiment, antibodies are selected that do not rapidly degrade.
Fragmentaticn of an anti-CXCR4 antibody may be measured using capillary
electrophoresis (CE) and MALDI-MS, as is well understood in the art (Alexander Al

30 and Hughes DE (1995) Anal Chem 67:3626-32).
In another preferred embodiment, antibodies are selecied that have minimal

aggregation effects. Aggregation may lead to triggering of an uawanted immune

response and/or altered or unfavorable pharmacokinetic properties. Generally,
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preferably recognize CXCR4 in its native conformation within a nenbrane,
testing for binding to CXCR4 preferably is done with an assay (e.g , flow
cytonetry) that utilizes a reagent expressing native conformtion CXCR4.
Nonlimting exanpl es of reagents expressing native conformation CXCR4 that
can be used in the binding assays include cells that naturally express
CXCR4 (e.g., CEMcells), cells that have been transfected to express CXCR4
(e.g., R1610 éa¥ Vhodies prcrpspepablecvitl aasreaat@ﬂcqﬁm%me@s@r@naweﬂ%royieandven

|'i posones i nt g,gMhehrde AB?‘I%SS nﬁd‘r]g&re)%ﬁarbgﬁ R, grele% and TRGNEL L C
proteol i posomes 5i ncor porati ng 4 ch™i's escrlﬁed in
further det ai Ipreferahli &% devpl éggreﬁtuoeiﬂay,be mnsut&d@yfshmmlawhmqe&srvyel!&&S&y
cells expresswge X antib washed,

i ncubated with a aﬁgﬁugn%gé HHQPV”F8%5@R§E€£$5%Peﬂ%mﬂ%ﬁﬁawﬁg to the test
ant i body, ﬂash&dnag@nmhyaﬁdisubﬁe@&aﬂmhﬁngﬂadMﬁH?n&ﬂoﬂ&%Qﬁ%e£hﬁthQﬂ'ng of
the secondary rga ent to the cells (e.g., using a FACS machi ne)

Pref erably, fi&t 10devel op the hlghest titers as evaluated by fl ow
cytonetry mnll be used for fusions or for further selection of antibodies
(e.g., by pha%I dlsplay screenlng of antibody libraries made fromB cells
of the nouse) Methods gharasimesied Aptibodizay as descri bed above can also be used
to screen for hybr dahab, SHhew.pe : (AR, (

i munogen. Fybrldoﬁgggﬁéexprggsﬁng an?$%0d|e£ %5&‘%%%@ ﬁ@ rl"@'ﬁceawdlty
to CXCR4 dPe dubesedriertinanad bE usadhecreahaeaatie CXERA. anﬂ]mhaslbg;me)dffmml&aqh

hybri doma, wh h eactivity rent l.s (by flow

cytonetry), cgﬁd? ﬁ%ﬁ‘%@%&f %rtﬁe akr Ry %Ri)(fh@%ﬁﬁ%@lt? @&‘ﬁ ”§P?5E‘/9é&59§€* 140C,

and for anti boﬂtynlspmclofsmream gmctum flrést of an Bihti- CQK@R%naﬁt%dyQ@%@&scllés@}e[eCt ed
or nonocl ona

hybri domas can bﬁ%?éﬁ&? ter 20spi nner-fl asks

anti body puri ff gu%%FWéF losreatspirgeumily fedatedpntir{aX elbhenivedias Gat bef or e
affinity chropreioanerhyheiiidiond 9iptmy b BeRRb@sEoriFha : cat away,
NJ). Eluted IgG can be gheckgd gcﬁqu é ectrophd?és?ssgggjﬂsmﬁ gerfornance
liquid chiomabBgiraphin EHskit: chmramg}e oFher bofef@IR wglans POFY, 4D ber E2,
exchanged i nt g RR@ioR %ﬁq; t ned by 0D280 using
1. 43 25extinction g%e?ﬁfé?&ﬁﬁgg %@Hggﬂgﬁ%ﬁﬂ tﬁ%ﬁ e AR mbﬂnfquoted
and stored at aﬂdﬁﬁ@iheﬂ'ﬁD&etﬂewmtneiditfontllhecmb:embéngmtereﬁxmmcI onal

ant i bodi es bi 1.to eacgh, anti can. be hi otinyl at ed using
comercial |y ggg?@aﬁggﬁgggggnreBgﬁﬁg?%:abﬁbc&ﬁ%?é”mfEsmoﬁgﬁﬁﬁP?TFB st udi es
usi ng unIabeIédﬁnbmmwbmnahemmMDmndmem amds@nQEMHmhﬂtQﬂﬁﬂ&ﬁgﬁ&ﬁm%

anti bodi eg, can Q perforned Mh&le cell ELISA assay in 30which ELISA
plates are coAfed Wi QPEOE@Pmé’ 'E?Qoﬁ K GSAERACES BIRYIdef Reralyi o1 ang opmotehe

unl abel ed antCbadygite tmemet"ﬂamd:mé B@;l@(&ﬂ:ﬁ'ﬁﬁ%(ﬂ?qus%mﬁé@@s‘%‘é/ryft@zﬁclﬁhod' ng to
t he CXCR4- ex ress cells is exanlne Bi oti nyl at ed bi hdi ng can be

detected wit hP" SP%‘?@épa XATERS A5 APIOLT) 38 AppRod p hatingsenepy §1see of the Vy and/arov

det er ni ne t heselys@ikaRPoRBedrdid 'o%inead?fn%ol?@ébﬁsr bRk o8 Rh{heigccan be

per f or med u5|ng)rea gents speC|f|c for antib es o partlcular i sotype.
For exanple, ' r@@ﬁ@ﬂﬁﬂﬁ@e@Hehﬁgmvyﬁé3b$uaﬂW@ﬁmwwMUmnnMGMQM)amﬁebody, wel |'s

of mcrotjger: b
i rmunogl| oibsfjl [ r?%oegrgﬁqegﬁana&qﬁ%%@ﬁe\é?&ﬁrock| nm]gmg Seq%%‘ci(&%gnhem e pl at es

are reacted mﬁ@%mQépgﬁﬂwh BNUﬁeasweﬁmpmsdamnnp&k@nataﬁﬂ&mmodles or purified
i sotype controls, ent t erature for one to two hours. The wells
can then be reacté °°rvﬁ>bHVW8$mﬁUWﬁ’"W%%ﬁman BHERPPYRESBENP] 7 al kal i ne
phosphat asecangpagat edapirOlER4 aMitdidesomp@irgevel oped and anal yzed as

descri bed above.

. (a) providing: (i) a heavy chain variable region antibody sequence

o 30 comprising a CDRI sequence selécted from the group consisting of SEQ ID NOs: t-4, a
CDR2 sequence selected from the group consisting of SEQ 1D NOs: 5-8, and/or a CDR3
sequence selected from the group consisting of SEQ ID NOs: 9-12; and/or (1) a light

chain variable region antibody sequence comprising a CDR ) sequence selected from the
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Anti - CXCR4 human 1 gGs can be further tested for reactivity with CXCR4
10antigen by Western blotting. Briefly, CXCR4 can be prepared and subjected
to sodi um dodecyl sulfate pol yacryl am de gel el ectrophoresis. After

el ectrophoresis, the separated antigens are transferred to nitrocell ul ose
menbr anes, bl ocked vvith 10% fetal calf serum and probed with the

nonocl onal ant i bodi e na G bi ndi det ect ed usi ng
anti - human | ggéoe?lclgn i m fﬁﬁgp %El(gsse]?’glé Qevel ocble?fe i ﬁetggﬁ:ﬁ ¥Ssubstrate

tablets (Si grmnifsha@ofGBQ IDHHOs: 1820 SandMp a CDR3 sequenceldttclet idhinge gegi ficity
of an anti body of. thi S may al so be determ ned by nonitoring

bi ndi ng of t 8“%?5‘("‘#15’83@8 @%(gﬁ é%éxpresa ng CXCR4, for exanple by flow
cytonetry. Typicall yp) aitelglat lckfi®ne SHGD 283 r&idaEQi GG the hiad@ chdiYarliBle
transfected with an expression vector encoding a transnmenbrane form of
CXCR4. Thé t regiet avibedy mmavener andbareyligho apin wsiablerregion abedyassquenag/ie- t ag,
preferably at,the, N,tey using an antibody to the tag.
Bi ndi ng of arfrgnﬁtbg E"faf?é%ﬁd aJ{@Bds)g{%ggﬁ]trCée%F% CXCR4 may be determ ned by

i ncubating the trans(t)acx;ﬁchsmgltﬂesalmiedhnmﬂwyaammlmdya pangn.det ect i ng bound
anti body. Binding.0f ,an _anti o,the tag on th nsfeted tein may
be used as a posi ISFEWSE’ ggmlercg ar él:?g}’ 'HS‘&G(%%f”lJ%ﬂa‘ﬂségto preparc an eﬁprﬁﬁdﬁfher
aspect, the pxﬂte@elnﬁtimbﬂscdcmsntree features an anti-CXCR4 antibody, or a

f ragnment thereof uga o a therapeutic noiety, such as a cytotoxin,

a drug (€%. ﬁlﬂﬁd{ﬁ%?'ﬁ §%>h?f)co‘éﬁdbé(tPeaﬁieEﬂddlﬂi l?PdYSEFEﬁ“‘E%ﬂJ WELRS are
referred to h@t’éi@lb aneagor?eé)oﬂmmqgﬁwgatpe@emek BIHE QRRRNERALAR ddRat | ncl ude
one or nore e%totom ns are referred to as "inmunotoxins." A cytotoxin or
cyt ot oxi ¢ agektcribpEhardiaswiiply fuagemel nrprertigsgncieder huverstral limdedie. g., kil l's)
cells. Examples i|gghiidfictanhie hwwég@mwe&d Of ABCL L D, ethi dium
brom de, enetine, n§ et oposi de, tenoposide, vincrrstine,

vi nbl astine, col élmichlhltmglbmdmgbf&i)ﬁ ] tdmﬁl,ubl cin, di hydroxy ant hraci n

di one, mitoxantron act | [ 1- deh t,osterone,

gl UCOCOI’tItSCOI ds, %‘"Ebﬁ‘e“ asﬁ%cr é{iéjé’t|CE’r§1eC""rlC L%ﬁ%%‘lnncgﬂs BP6P g%@ > and

pur omyci n and anal(:egs;h(brtmlg@m ogﬁiutdaemgmt;ofrh&reapewmsemggm al so incl ude,
for exanpl e, antl lltes @ nmet hot r exat e - 5mer capt opuri ne,

6- t hi oguani ne, ‘5 i HB‘E cap ?’ﬁg'ih&f e E‘Pé@&yﬁgil ne), allcylating agents
(e.g., mechlor et h mmngmma@tdmanbuwnlofmﬁﬁnh%m@s carmustine (BSNU)
and | omustine (CCNU), cycl ot hosphami de, busul fan, di bronomannitol,
streptozotocin, miHQMARTFREaPoress 1B rdlserpmissiedcK@hdne pl ati num 01) (DDP)

ci splatimh, anthragychiiBise (nd: Ce"g%uﬁ%%l,m,%(for nerly daunonycin) and
doxonbi cin), antibiotics é actinonycin {formerly actinonycin),

bl eonycin, mthr aﬁybmhlbﬁmﬁduramcnﬁ amjiédrati ghAMIZP) indegiel; @i calfi apoptbes agent s
(e.qg., vi ncri st ng, and vinbl astine). Q her preferred exanpl es of

t herapeutic cytotoxins that can be conjugated to an anti body of this

di scl osure incl ud&)dmbibamgmmtm&sesmaﬁmmém'nodrmsUs ﬁfﬁy(bransi nes and

auristatins, and lvatives th r.eof adt | e % i cheam cin anti body
conj ugate 15i s comePE A Lysué‘{/\éﬁ g'ﬁloga?l%ﬁi% & eﬁﬁje’rsf‘ I5H- Home Pr oducts) .

Cyt ot oxi r2s can beTﬁ@mnu@@ﬁeﬁop@u@mﬁfumde@s affbolifdk SantHeSBdeORULEnMGhIEd | Nker
t echnol ogy avail abI«? in the art. | es of linker types that have been
used to conj GaYEAVahi4 '(B‘t‘B%rha"td@réﬂﬁSC& £ 6 SHcasubRrse S%l’j‘?”haﬂf‘é fot limted

to, hydrazonesambiei Qet hJwbeyiSRLIBL §md§lg%§§|a)f/§ ﬁﬁ%n@ﬂdas@@@%' de- cont ai ni ng
linkers. A |linker can be chosen 't 1S, for exanple, susceptible to

cl eavage by | ow pH W@mqmbpﬁl@enyﬁmmmthqﬁ@ﬁﬁ%twmg wtibgliséptis bl e to
cl eavage by %Fsglto%?rgerﬁmat%h??a 19&9&1‘3%9.%%0%?@?5%1{1@ L¥nEXPL q?_aﬁ%g]aun tunor

t| ssue such as cat hepsi ns rther
- di'scussi 6A ofani- @@MﬂnhWyatodmyaequehuemhém resntimlgmhdnhfdﬂ ahoiCXERY ugat i ng

t herapeutic a nts to ant i bod al so etal (2003) Adv. Drug

25001 Tv - Rov MaRY s 6B R EPeip TR s Qu R P s fone B PR Aol

| nunt not her . dbkriBaBherein. Mutational methods have been described in the art. For example, PCT
Publication WO 02/092780 by Short describes methods for creating and screening
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337, Payne, G (2003) Cancer Cell3:207-212; Allen, T.M (2002) Nat Rev.
Cancer 2:750-763; Pastan, |. and Kreitman, R J. (2002) Curr. Op/n.

| nvesng. Drugs 3:1089- 1091; Senter, P.D. and Springer, C.J. (2001)4dv.
Drug Del/v. Rev. 53:247-264. Antibodies of the present disclosure also can
be conjugated to a radioactive 30i sotope to generate cytotoxic

radi opharmaceutjcals, also referred to as radioi munoconj ugates. Exanples
of radi oacti v&tip Qg‘f @b@ﬁoﬁshlét"éé%{wab@‘ polipengas. sunthgicdizes boases¥.or ause

di agnosti cal | &/onWmJtllaﬁ’rt}%%‘Ft 'AQQHanéIFqu’T%b pz,f't'i nWE 05‘@94&7’9%&%2ar P, 1 0di nem
indium "', yttriunt and lutetiunt’ o| prepari

radi oi munconflasgrdee sicthods @fS—tSmlgICDmhedtwml scrEnaguneﬂEJdanxﬁpemmf

radi oi nmunoco c ci.al avai l abl e, including Zevaling(lDEC
Phar maceuti ca 'F“s"gg @efﬁo r'g r"|i g‘éd %har maceuti cal s), and simlar nethods
can be used to prepare radioi rrrrunoconj ugates using the antibodies of this
di scl osure. 5Th | ugates of thl% dlsclosure can be used to

nodify a gi ven Jeig esHbH ag Antibpdies o Jeisesugt y is not to be
construed as |im tﬁﬂfbtﬂe@aﬁﬂe@&ﬁ'tlﬁﬁdhs&&%@;ﬁﬁhmg {bq{u@i%ﬁ;%:ldqn@gﬁnrgs% tglpcrodéexarrpl &
the drug noiety may protein or polypeptide possessing a cfe5| red

bi ol ogi cal act G“ttbg?d‘eSB@h'SpiFSélOélifﬁsT’ffﬁaWJC emlcuh@ayfb@mreeﬁramrpvqule agils, ina

enzymati cal | YoedGdaMeodiR%iphmia @S @mpu\()esjhreagnﬁ;ntm.tm;q@OL neSteh as abrin,
ricin 10A pseudormnas exot oxi n or dip Rtherra toxin: a protérn such as

tunor nechbsi dsofaied’ oF "renderastsebstantioty: yure'bwhenmuoﬁagmad frorespeonctulandi fiers

such as for Ieu | eukin-2
("IL-2"), inter ‘%ﬁ Oré)Y]{EPP??mé-R gmsgre nu %%ﬁﬁ‘éﬁﬁ%ﬁﬁ%‘g‘ 3rc?6cft‘8ﬂ§r Xtinul ati ng
factor ( G\/Lwﬁam tg:hauqud:sowmdmgalmnwms mdtméﬂtrlgs(fl%ﬁrﬁcﬁ)ﬁg, ColmESF") , or

ot her growth factcg hlSTechmé] r conjﬂg ﬁtl ng such therapeutic noiety
to anti bodi es A RIGEIRNY41RTC &€ & c” Q"es‘sﬂx pihgrp wWall knowhindbs whateeAnt i bodi es

For | mmunot argesiba g @f , & 1987)| TurGANEBlocd] E'ﬁflﬁ@bécular'ﬂ"lof Qﬁk&@«’a‘vhblﬁ%@bod' es
And Cancer Therﬁ% lRel sfeld c/at (eds.), pp. 243-56 (Alan R Liss, Inc.
y

1985); Hel st3d aiersorengg; Npwdiosls A arclpe agld pBihisdasojosureican Wofarr ol | ed Dr ug
Del i very (2nd:x5€|pl)e Dﬁﬁhﬂr@@@@arﬁim@ or n(zg)dr%g )IO&/EF?IP!MT@%% %gu lg(i(f):g I\ﬁaracp%gerrec}(ke

Inc. 1987); Thorpe, "Antibody Carrier oXlI C
Therapy: A Reyibediment, thentmlssl aidas 2 AENAbooles:. 84 Bi ol ogi cal And d i ni cal

Applications, Pin ( 75-5 8

Results, And Fut uﬁg{g%oaglpgiggltrfh\l/se(ﬁ%?m?frhén’g'gﬂee? ABBG (Elﬁga@g%hﬁ "ﬁéeﬁﬁlﬂ‘%/%{ﬁlé’ﬁ‘éd
Ant i body In @:emvo'epesﬂf@r arpybb;hes cxpmmddnlydnazhddmtsl(dagdhﬁﬁrdl?mhs fragneglr frdaet ecti on
And Ther apy, c Press 1985), and
Thor pe etaz%al U%%%Em% m'Fe Caﬂé’ nf’q'ugéh i’ﬁ% %@ 1 f ’8?3"8 2] (Se ef fUthepPath es

| n anot her asPabts, entdnﬂngmrhengtanaih@&yGSd;luﬁﬁf'ftmhmblb&@ ﬂd%%?%ef@yﬁmﬁ@ﬁ@&w es

{i - CXCRA4 f tt
G ol oour 2. hs Mairebag efd hPE b Gaie pod ”}gﬁ.omg;@ﬁ,@w_ BPrelithegissor t i ons
t hereof , can dbeimdefiowAdr iZ@ein8g obliAkRAE ﬁts}a@ft@ h%%%mgé QE'IQy 5:9!?1' cﬁ%@' €.g.,

anot her peptide or protein (e.g., another "antibo
receptor) to "@j'é’ﬁ'éraéff’é”‘é)dméssﬁ@*t?fﬂb@d*?ﬁﬂaééaIF@OYEH%Qfftbﬂ menolltaﬁryl east two

di fferentysbi ndi ngpgirdRY 1QEIci AFIE I oIRLIE SC(HJIE?ﬁISEh% S th%?gyr{cpldmg, B‘.ﬁe "ot her

di sclosure may in fact be derlvatlze 0 nore
functi onal nﬁhé&uﬁ@ucfmeg@fnéw Rt.é9nil Bmdslﬁ)bmloﬁwtmonﬁbdrmbod:as ONhvatkedgokmds t 0 nore

it speci f1 ¢ el 8Pt 83 TR A B e A A0 e term

"bi specific rmbe:muélg Msm]edacbneﬁneomng Eﬁ@Wrs&ﬁfeﬁceaobF“ﬁiFeclbf hid gdrecul e of

this discl osur Wn %&gﬁﬁ#ﬁo% f this disclosure can be functionally Iinked
(e.g., by ché eip 4] nETPEUYYSi on, noncoval ent associ ation or

otherwi sep to oneoaﬁe ]ITNA&"rz\(gHéﬁtrs eRodBizNg, NG GHLRSs SUER RS, AROL BRMA
anti body, a%l bod &4}9 peptide or binding mnetic, such that a
%C%“ her

bi specific mP&L mA&’(EB'l“BF’ hypndarheceplisen ONA echmgues,doi ncl udes
bi speci fic mekagiK @ToFRMLL $48ledlgion genes to full-length antibody chain genes, 1o Fab

fragment genes or to a scFv gene. In these manipulations, a V- or Vy-encoding DNA
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10l east one first binding specificity for CXCR4 and a second bi ndi ng
specificity for a second target epitope. In a particular enbodi nent of this
di scl osure, the second target epitope is an Fc receptor, e.g., human FcyR
(CD64) or a human Fca receptor (CD89). Therefore, this disclosure includes
bi speci fic nol ecul es-capabl e of binding both to FcyR or FcaR expressing

ffect |1 . 9., t I h I 1 |
(P ), andt T8 ET 5 ap TR AR S R G R P roe o) SRR bt rdidcul o

target CXCRA Rxpaesidngorsaint glol ofh fleabiorinee! Theadeh tohb@@ly ftked", as
receptor-nedi ated effector. cel | activities, such as phagocytosi s of CXCR4
expr essi ng celsESn BIRCPHEdys HEsdpdiorpeandha thegwp Q&\b‘aﬁm OkF 1ineg SyoRDCe)
cytoki ne rel aagepe a‘?ﬁnn&%@&&hé&@s choéelal%?rtf?é(ﬂw%q}f@ﬂ'fﬁQmeAtE‘re"f‘:ﬁnﬁ emant of
this disclosure in which the bispecif nol ecul e 1S 20nul t1 speci t he
mol ecul e dan furt Hée IaomﬁldLIél%Aamtddmgdhﬁ)Vmchgn:g ngé@ftdnveﬂtetdyo alﬂﬂl Edgthtl on to an
anti - Fc bi ndi S t A Y- In one
enbodi nment , }ﬁg‘/)‘t‘ﬁﬁ (FeBglﬁ)H%{pne?atwel Im m% tl{e sen%{)n q?liagewn né)nceénerﬁ factor
(EF) portion mﬁecgl]t: engoding mw ehamhccmbtahllrﬂgiSnst(ﬁ}H SHe hat EHpY. Ofteisaquenses| ved in
cytotoxic acti nd t hereby increases th i mmune response agai nst the
Thr ger el T ot Ry R Bl CH SR P UF BT IR “LRRE 8. KT Phody
functional angibody)fIa06REL ofPrordint bganeldbha Ica]bﬂnf};dé%g trarE @l e 9ol ecul e,
e.g., an antigen or a recepto and thereb)ﬁresults in an enhancenent of

the ef fectd ofDepRBMBILSiHsY Thaddiumaraspaces.di i blirgiondtce p-62420end RNget cel |
antigen. Thef Hehes @R SR Yhesk AL A k tor or a
target cell aﬁ?{%l getrsl Al ternatle\"/se?fg;fl tsﬁgpg%l?b?{?%eﬁﬁ%r%@%ﬂg)%?a{nfp(i)lrﬂgggﬁt| on can
bind to an en“fhethyawrtmmlcgnathnltf@mn:tm BOdn kgl t n62Zelplidt 3gG4olgM1ilgEh IgMer fi r st
and second bipdi o Gt ant.i - enhancenent
factor porti O ég%l%‘[??% Eﬁtnlo?? rpi"er ly lEFrll Ig?i om?g,@lc reg epoélﬁcngs
CD4, CD40, 1CGAmEndreant thain gentmhme\/@-edrdodhga}mi emwet@enanvayl mlndrt@a&ﬂd:rl mune

response a t he e enbodi nent, the
bi :Becisf i @grm[?%‘é R e"?‘l’#%ﬂ]%&‘%%ﬂ?@%ﬁ# CQBSt%{‘é r%‘%‘: ndi ng specificity

at | east one anti HQQYSoladeA@ﬁHoUb@dh’e‘f/l’@gmﬂf&ﬁn shameafed tb peliLdhABIigR. 9., an
Fab, Fab', F(ab)2, Fv, Fd, dAb or single chain Fv. The anti bodcglférnay al so

be a |ight cHAPA gsne @exg axhBabdi EérfH@f"86@F)bé(r%Pefﬁ1‘h‘i‘thPk‘M‘éJ@ﬁ‘erW°Q eof such
as a Fv_or a@smabm&hm FORSIIE Litdod g IIQQ%‘E[&QﬁxdcohﬂﬂMTe%onP@Le%e

4,946,778 to Ladner et al the contents of which is expressly |ncorporated
by ref er ence.sequences of hymarglight eliabyoeiinptanitresiemgeniod atd kmyyvisipdles 4l Gkt g2f or an Fey
receptor e ; n f ich is not
bl ocked bjfs e ?nﬁu%ﬁalmw%&%ﬂ% %?H‘JX‘% ol Tiighed mfl ! ‘I gG
receptor” refkstisont U. Safﬁy:pm‘fmenlnef IéeaghtanQHoham Rerge e 8ITH Pubicati@dNord leimanosonme
1. These genes dg}@ g V\K@ t.ransrne ran(g or sdol g{)ﬁ:&f recept or
i sof orms whi RAETE rP%fU?j‘éSde"icﬂTBasfH% SSHEY OPRBBE S el P RS gandage (CD64) ,
FcyRI | ( CD32) ,angphiélcdty Rinl prefércid chibodinlient@iie: ipthetiar @dsienbhadbm@nte atkhgaFey
receptO a human g%%h affinity FcyRI. The human FcyRl is a 72 kDa nol ecul e,
whi ch shows rﬂngiﬂ” PHIANEE® monomeric 1gG (108 - 109 M. 15The production
and char ast eri zat iT@Rrdle LRFY BérR, nawf.;eﬁrrdaﬂ ambam@wm&%n%@é o;ﬁﬂin'v@l?d' es
are described in PCT Publication WO 88/00052 and in U.S. Pat ent

4,954,617 to [Pé?fb@ra“@[ﬁmafr%meﬂ!‘@c‘?@&tﬁﬂﬁtﬁiebﬂkf\Mﬁ&rﬁ”a‘Pfé“&fihPW'ﬂlor@é’dr por at ed
by reference h f R, FcyRII
of FoyR 11 ar Bt ONFaR Ak IR TR Ml NG L e R BV o The
recept or and,cottauous gigé- lchdm Prdteng wih theoY . didad! kreglom)wubébamelfakllb;e lbvyer

phySi ol ogi Cal(seleee\{grelBglrcPJt ak%%%??c?ecrjcz) 5&:%'[-4‘2-6!:&&%?1 c?ir}.-l(%é% Foc NG lﬁljca

30 Sci. USA 85:5879-5883; McCafferty e/ al., (1990) Nature 348:552-554).




this disclosure are mAb 22, mAb 32, nmAb 44, mAb 62 and mAb 197. The

hybri doma producing mAb 32 is available fromthe American Type Culture

Col | ection, ATCC Accession No. HB9469. In other enbodi nents, the anti-Fey
receptor antibody is a humani zed form of nonocl onal antibody 22 (H22). The
production and characterization 25 of the H22 anti body is described in
Gaziano, RF,_ et al. (1995)..1 !mnimal 155 (10): 4996-5002 and PCT

Publ i cati on WS o8 MongelygahAaybodias of thistRisclpiipe ant i body pr oduci ng cel |

i ne was deposite BLE: . | ectian der,.t he

desi gnation mozzg&dﬁh%n%ﬁkﬁgg%gﬂg’éﬁzgﬁ%Mh%.;‘&&%&sf%f?f}gc P%H%Ctefj P¥ %ot her
preferred enbwdieterittsshnignes, bichidinggospetarfal mbbacldnalansihodyom étbadapiogre gi, S

30provi ded by ,an _antibody. th binds to a.hu | gA receptor, e.g., an
Fc-al pha r ece%teétra"?qf%éﬁlf}%@ﬁgﬁr{d’zﬁ%ﬂ tﬁfwm“ﬁg? gPh’gmﬂéﬁ\ﬁﬁgele@f’ g)rfg(m"y’ not
bl ocked bys hunim 4bsmihiegizhbethitit Al (HGR)zalBEprb@iitIes h@Ardt@F@APIHrincibR, | Nt ended

to include the enfilf1 roduct qf .one a-gene (FcaRl') located on chronosone 19.
This gene is RABWRINEUeLior pgdudng araacioaphaalibedyicom by crapipyedeet twhemenbr ane

i sof ornms of SendoBenld ParkfdmatemafRB 1( &Rk S constitutively expressed on
nonocyt es/ macr ophages, eosinophilic and neutrophilic granul ocytes, but not

on non-effector celle pyefpuiscani mH systgre RIprdpasnamhsdiidemaif theimwibe xystedvM 1) f or

both | gAl  andylgfmaMib&RudSin G AR, HRPNEXNASUr 8 fo Seytpkines such as
G CSF or GMCSIké (Mor ton, H C ¢/ aﬁg( 1”’9'96&9{(}:?’* f%q%z' '“Ré’\'/‘f"gglisr“'i ir)lm'i’%h‘df' ogy

16: 423- 4400 . PocolFent®bngpes fdr isolatrom oiommlzed Bl el die ey fistbantd Krced ias A3,
A59, A62 and i.ch _bind FcaRl  outside t I | i gand ,bi ndi ng domai n,
have been des{((:hrziZB'eg{%CWlatné'Frrs(gf‘g'ﬁ%fnec"/’%ﬁ'or?ﬁ?fgg))af.g%ﬁ'?ﬂ Hafedurgsie #5784) . FcaRl

and FcyRl arekqwaferred trigger receptors for use in the bispecific
10nol ecul es of this.discl 31sure_ becagse they are (1) expressed primarily on

i mmune ef fector cetTReNGOrgumapgetanipadics gigpressalcdiisiTuGEan hnereppsetdri ti c
cells; (2) expiepstlleadqubicghrh ﬁ&ﬁhﬁn&%&oclﬁiz&qg%o%Qgr&di H??es eg) 1( 4§ 3)
e 0 an

medi ators_of cytotoxic activities ( , phagocytosis);

: . 9., ADC
medi at e ehhantigye abigerednese heaxy irshlight clam ingeurozicbitris geir bogotg@hdd-famt | gens,
targeted to t{HemL-AaVN -Q[?mp - - [ | £ e preferred, other
ant i bodi es whi ch nc.an be @Hp . oygdwﬁgﬁlg@@élg%gggitgggtﬁ@ g’ﬁ:ﬁ'luege {gfg"t hi s
di scl osur e arkuman inmeunoghibrier sequeames tsingatndad mubdet Wnlaky anbriihedi &sc The

bi specific np the. S i scl.osur.e .can. be prepare
conj ugati ng t%{g&g%ﬁ?tcﬁab&én@”Etlgrﬁccﬁ%mgp%ﬁ?el ‘fﬁ”gli}lgée,g’%‘?’ 6‘}?” bﬁwge‘gtr‘?t%pﬁﬂl? and
ant i - CXCR4 20dwinsteiit megi spesing incitodemownsh g anmgtdeeds KB OMRent Not 1€ 69dty .10 For

exanpl e, ch-bindin ecificity of the hispecific nolecule can be
gener at e se%@gpyeﬁlﬁg)ai}?? Ttne h‘ﬂ%"]‘“ﬁ?ﬁgf‘%ﬁmgb ’E‘H@e% Fr81ons Yeis '#3§8¢hi ndi ng
speci fici ti esin@rachupfadfRimRS Rk usHEM RS kndwidlihdry(s@f ¢ £0URI PHEH Mo
cross-linkin e %s gan be used for coval ent cog%uga i on. Exanpl es of
cross- i nki ngs%eﬂ 40 {uen aret BrioPaeH Tos. 847 i PP YESY; 5,693,762 and
N-succi ni m dyd +48;33084 PheenZphhy 0acet at e (SATA),
5,5 -dithiobis(2-nitrobenzoic acid) (DTNB), o-

In a preferred embodiment, the antibodies of this disclosure are human

25 monoclonal antibodies. Such human monoclonal antibodies directed agamst CXCR4
can be generated using transgenic or transchromosomic mice carrying parts of the
human immune system rather than the mouse system. These transgenic and
transchromosomic mice include mice referred to herein as the HuMAb Mouse® and KM
Mouse®, respectively, and are collectively referred to herein as “human g mice.”

30 The HuMAb Mouse® (Medarex®, Inc.} contains human immunoglobulin gene
minifocr that encode unrearranged human heavy (i and v) and « light chain
immunoglobulin sequences, together with targeted mutations that inactivate the

endogenous p and  chain loci (see ¢.g., Lonberg, ef al. (1994) Narure 368(6474): 856-
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phenyl enedi mal ei m de (oPDM), N-succini m dyl-3-(2-pyridyldithio)propionate
(SPDP), and sul fosuccini m dyl 4-(N-nmal ei m donet hyl)

cycl ohaxane-| - car boxyl ate (sul foSMCC) (see e.g., Karpovsky et al. (1984)1.
1.1, 1x-p. Med. 160:1686; Liu, MA et at (1985) Proc. Natl. Acad, Sc!. USA
82:8648). Ot her nethods include those described in Paulus 30(1985) Behring
Ins. Mtt. No,, .78, 11 32; Brennan et al (1985) Science 229:81-83, and
Gennie et al®>%18%?) “&}I A W%Fﬂ‘aﬁéﬁd”%@’ﬂrﬁ%%’)o meust WM e edhiPugat i ng
agents are SAfHoaido sHnhRAzaMaGhe RRGLRLRY Alhabh& vl B SR tema(;@trgage'ﬁks:al Co.
(Rockford, IL). When the binding specificities are anfi bodies, they
can be conj ugltego giags ssitching @pd somsgaaiutiionto ganerats high af WL&SI"W«WQBGF egi ons of
the two heavy L.cu d the hinge
rogion i o modh TResT R anbidRaREGHKRENEE O PO b PRt e

pref er abl y or(é994pﬁaoﬂba0éo Oﬁbmeuqammbfl%arﬁéddf@frja_ﬁ|49€|Oy Ldmbtrg Wi Emlemgzar

specificitie enc v press ssenbl ed
in the same f]% g(f'Iiem (IV FII%LI’I‘IOD*I éﬂgsf‘?‘f@ﬁﬁ 5 ﬂﬁ'gi‘loﬁ e%ﬁ\ﬁ{@d@?h .

bi specific rmI/echﬁaaf Scs T84T 516)Mis pariibn Xndﬁﬁboftlﬁab]umft(ﬁﬂa&s)eg #d thd gand X
Fab fusion protein. fbl specific nmolecule of this disclosure can be a

si ngl e chai n &fBPBREMSificaHpsicarisg by sechanicg ivfugheidesabed Botiy! dardd cavbi ndi ng
detern”--nt, (69288t RQ.LiLMeiur k0 SRESHEL. ©HIDIEGY) @1 RBTRY SRt WO bi ndi ng

P

determ nants. Bi Specific nol ecul es may conprise at | ‘east two Si ngl e chain

mol ecul esl0 MEt#EHelop6d: §irdpar TusdliobicseedirPi)e’ ao INstutlent 8¢ c/He8E 3 T2ed f or

5001, 513 5. 7% OBr 4 QIR NRuPe EOBEP R AT e gty S L T e e

expressly i nd@dgépatedioner ef 695@ 4 éhreweide? 23 BRI Maylof Lt hiel I6ispeci fi c

I I t f f I
enzymor 11 niced RRBEE PR Eo4 A7 Sof i TR Gk oA &) Facs

anal ysi s, bi oassayiolgy 04:, 84gxsswtthne mmnmdﬂamalfwmh alete®p Bpddlfietihyassay. Each
of these gssa I?ene aII det ec the presence of ir ot ei_.n-ant i body
iy b

conpl exes' of ' ?'@Fé“s e'b?"tgﬁ‘iﬁii 65 Mgl VanBptedt N%aﬁ%‘hstgoée g., an

ant i body) spegidoisesf 0624 118; $6ABX 50k 84 BigeY, @§i 5,d691016>541Rl 3§, the
FcR-anti body conpl exes can be detected using e.g.. an enzyme-li nked

anti body or a5n§74888yaﬂl‘jr5a7§ﬁﬁﬁ? afle éﬁ"%@@ﬁiwey Sar‘i’dteetﬁé%ﬁf EAPT tp Diramdls t o
the antibody-JfgR ]‘t@I”ﬂIb%?an PII‘ISIWCI@ZI/MQ‘?I}ywo@iﬁ&%%@’@@&s?@snwﬂ? det ect ed

usi ng any of a vari et her i mmunoassays or ‘exanple, the antibody can
be radi oactl \%’IVBI%W@&?&W améé’d0|9ﬁ/4é9¢2adhlmlmnbmgaasSKyly(dRHApT(see for

exanpl e, s _of Radi oi nmunoassays, Seventh Trai ning
Cour se on Ra UI’IE1 5‘8‘8@ AssayI/Ir‘IlIgIIE gﬁ@? Iﬂg Endocri ne Society, March, 1986,

whi ch is incorpor at siley embédmenciini@raatitydies biehiy dishl @aetdan 8¢ tahell 0pe: £an be
detected by such &gans a t he. use ero%gnter or a scintillation counter or

by aut or adi odP&Ph I%‘Hﬁﬁ FIAR BUTY R GEFCFHefstransgenes andy  anot her aspect,

the present diasshosbicend! DV ﬁbaﬁnéus@@rfﬁp@éﬁhésl dHuima8 -havy RailRAhJFBELIHdIaCal
conposi tion, containing one or a combination of nonoclonal antibodies, or

ant i gen- bi ndlhﬁﬁ‘af’oﬂﬁtlcﬁﬁ('é’)anstch@ﬁé’é‘?me ofhit RaussresEnied i kepadur KM or mul at ed
toget her 26 t hno @ PhAITRERH §a3h ks RRORPE AYR.GANW DRR43PHER 1GRROS) ti ons may

i nclude one or a
Still further, alternative transgenic animal systems expressing human

immunoglobulin genes are available in the art and can be used to raise anti-CXCR4

antibedies of this disclosure. For example, an alternative transgenic system referred to

as the Xenomouse (Abgenix, Inc.) can be used; such mice are described in, for example,
30 U.S. Patent Nos. 5,939,598; 6,075,181, 6,114,598, 6,150,584 and 6,162,963 to

Kucherlapati es al.
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conbi nation of (e.g., two or nore different) antibodies, or
i nmunoconj ugates or bispecific nolecules of this disclosure. For exanple, a
pharmaceutical conposition of this disclosure can conprise a conbination of
anti bodi es (or inmmnoconjugates or 5bispecifics) that bind to different
epi topes on the target antigen or that have conplementary activities.
Phar maceutical conpositions of this disclosure also can be adm nistered in
conbi nati on t her apyoreoVe, alteantig fwgchipmpsosthermalgssens exposssisx hwpdre, t he
combi nation t hﬁrﬁ%ﬁ%@!&@fb bdeh %%vzﬁﬂb]@n& %e%%cz@n%'u@&ﬂ r8£e &n“%)?&ﬁ?ent
di scl osure conbined with at 10l east one other anti-in
i munosuppr es 8Eibodiggelihis dsclenpt. eﬁor@kam]ble,rrmpemrrymgdgﬁna Bumetnaltea@,acrhahe used in
conbi nation t e de cri bed | ter detail e .section on
uses of the aﬂ? Sgrpéinggs rnpRinsmaR Lgh 85?] gramhmmosome,&ge[fg H’aﬁe{rg inHce

"phar maceuti cednlbye laﬁtelpﬂaahbeaueaésrchedfd iniToahAuH€ 8/ fﬂ.r(y()(&l)d’nﬁt] lfvaﬁocid{:@rﬂcﬁ.,
di spersi on meg)% ggg ﬂ anti bacterial and anti fun ents, isotonic
and 15absorpti 5t 24 57 gﬁﬁﬁ'éfr‘i‘?cge CEWHCATHEE uRen e 23 éé'ﬁ dPol ogi cal | y
conpati bl e. Prafseiralbiomeds ReveaRES #QErided 11$H'1|etaﬁ@$ KQFoi bW A EROY Nrsure
i ntramuscul ar, subcutaneous, parenteral, spinal or epidermal adm nistration

(e.g., by inj8&Hactirlem Q—@fgﬁsgl%ﬁf)d PG prsigating WW%@OQWZélﬁfanédan eiused at i on,

the active coppgyshi. EXBRA 2N JIRO BV i ATURQLON] Ugat e, or bispecific
nol ecul e, may be coated In a materlal to protect the conpound fromthe

action of l&ci ds Zdéwdarovmlmdtauhmdm@ﬁmtidlmmeham alsmlye prapectd wsadge t he

conpound. r t npo cl osur

i ncl ude one o?haﬁ’bdl—m g%ﬁ'?ﬁa%? i"%(r:% iy ]gmngf)wlngné@{"f'gog!&’”ﬁblﬁWﬁaglécﬁ?ti cally
accept abl e sapliage dss]ﬂley methodsafosablhmtg‘datmarnahﬁbda&sTah&zsﬁlﬂﬁslhé@d\ ihé Qk OSJéeCF@H
activity of the r ormpoun d_does.n npart unde

t oxi col ogi cal ’E‘Fﬁ%@cﬁgg ]gaé@ gj ﬁ%@?%é 4%4%’ angp, 53] 699(%@7‘?9“ e"ﬂ Ihh%mn Sci .
2566: 1- 19) . Exasmhes. 3)4273)0%@@58(571!7%'%@% @GA{dlﬁﬁ'diaiehpﬁossél'%@]@s%dbase
addi tion sal ts. Acid addition salts include those derived from nontoxic

i nor gani ¢! aci §472- Sdn MeCagrar 6@hl 1diteS. Prtent Nes. SPR8IBhGE 12d,40814, 344 134,

hydr obr omi ¢, hysy niz0gkgs o BIAARNGE BYFARGTINE, bi ke, as well as from nontoxic
organi c acids such as al’iphatic¢ nmono- an i carboxylic acids,

phenyl - substi t ut ed*taﬂlqﬂdﬂwoémad|adt$bodbydf@Wlﬂldsam@amalanbmﬁpawdomﬁ,l c acids,
30al i phatic a I on salts
m@gﬁ"t% WhirH hplﬁgrin Qnrﬁ\?ﬂectgllsﬁ%g%% aﬁn recon nHte E%’?Ghﬁ

i ncl ude those deri roma I ne eart
pot assi um nagpiesdyumspoosd @i hcrgamditetdhxponh nrkreuma:saowesduchas:cé 10 13eRABIIOX | for

chlor opr omai raemBHaDisa Bt el AR e S S PTENLHoAR e, pr ookl e and € ne

l'i ke. A phar maceutlh aghriicalapopiefeiroebodiiéf, Hinke lapsnered S0p8m% ncl ude a
phar maceuti cal lél ccept abl ﬁ anti-oxi dant. Exanples of pharmaceutically
accept abl e 5T ‘Hﬁ‘ﬁrtasco wetieneof T)*”\%b'ﬁ”@‘l‘se%‘l‘ B?H‘Iéédﬁlaﬂf‘i’ sxhdess.ss such as

ascor bi ¢ aci ddes&ibsdl @ DS, Pateh: 00k 964 0, bySEleM@FebbﬁLNaB@t Fecufc W e
e

met abi sul fite, sodiumsulfite and the I'ik | -so ant|OX| ants
such as ascorlylPpAYssrtgRan ﬁlﬁ't@/*ﬁgédmrb;@d}' m&mi: 8161 @n(alllké\)nou?@lIwhas ed

hydr oxyt Oisueﬁ@ul\ﬁﬁ!ﬂ))mse O?T('I\}i R'o@sea?ﬁ@s@“ﬂ)edga%hv Ztgﬁim@iup Iné OCO her *\’ and t he

i ke; and (3) netal chelating agents, suc CrErie énedi ani ne
tetraaceti c dexdR4 antigen, followed by isolating nucleic acids encoding human anubody chains

from lymphatic cells of the mouse and introducing these nucleic acids into a display
vector {e.g., phage) to provide a library of display packages. Thus, each hbrary member
comprises a nucleic acid encoding a human antibody chain and each antibody chain is
30 displayed from the display package. The library then is screened with a CXCR4 antigen
to isolate library members that specifically bind CXCR4. Nucleic acid inserts of the
selected library members then are isolated and sequenced by standard methods 1o

determine the light and heavy chain variable sequences of the selected CXCR4 binders.
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10( EDTA), sorbitol, tartaric acid, phosphoric acid, and the |ike.

Exanpl es of suitabl e aqueous and nonaqueous carriers that may be enpl oyed
in the pharmaceutical conpositions of this disclosure include water,

et hanol , polyols (such as glycerol, propylene glycol, polyethylene glycol,
and the like), and suitable m xtures thereof, vegetable oils, such as olive
oil, and injectable organic esters, su s ethyl 15pl eate. Proper fluidity
can be nai nt ai ﬁéﬁf,‘a%}leorreé:}@%“r‘?ﬁl §,°°’B’>9”?Cﬁté’%{’}]_§’gm§ aﬁé@;&diyr? al %Yeﬁ“é?f‘rél, such as

| ecithin, by tQabmhibRAAAGRIG0Es, SRS af 8GKhE 8CthPakddbi ByishZftolah ckhtessease of

di spersions, and by the use of surfactants. hese conpositions may
al so cont ai n vadpitbairesics thethumagn peaay and bght ghagn copstant 1gg oageph dat tenVisi f yi ng
agents and di Si - t : f 7 i SNB
may be. ensur & g Py e ke LAY ER-E00n B BE FE90G6, Rlop gl ARARS

i ncl usi on5of thea®l cagsonanidr baot ler Hesieripting cdittel fremagaibn afjemias, anfidiX@anpl e,

par aben, chl aorgbut anol, phenql rbic acid nd the like. |t m |.so be
fosi rabi e toarnetiad rsome neant ettt 48 Erdai “EEm it SRrefi'de, and
the like into the conpositions. In addition, prolonged absorption of the

i nj ectabl e pharmaceutical formmpmay be brought 25about by the inclusion of
agent s whi .(:hI ugizal as al um num nonost earate and gel atin.
Pharmaceutical |y agrcgRUARY & ARE @M Sed B HORINTh RN ABHBRUSRRLL RS or

di spersions and sterile powders for the extenporaneous preparation of
sterile ilfj ectighiae bsonmunerswoh 2 gvrgirdros parehed pgparateonat (SUdH antdinm and
agents for phasBReeshilicah b?(c@&t, b%%né”&}%%ﬁhgﬁmm, § 469 4'ﬂﬂic}nktﬁot§ih:[as Except
i nsofar as any conventional nedia or agent is Intconpatible wth the active
conpound, useletdnbedinf Linbetghd. gled e Ntivcal 68¢@THo 85¢-BBhisbivild.ir s/ di scl osur e
i's contenpl ated, | Nt ar, td omoids  can. al L J)COr ated
into the con'pgg%)lé? ﬁ%’%% g'ggﬁe”roé%éggi %l\éggg?m‘g@i ti onugﬁfﬁ}lﬁpgﬁlggaﬁ%stangg&@t erile
and stabl e undariiherefonatiyt ihoasceokillmeriulfcagdeits of ABdp&t e aeseinfushe. Gonposi ti on
can be faornul ated as a.solution, mcroenul siaon, |iposqone, or other ordered
St ot ur S5 IREBHIE ASAFOR 50 EOh BRSO Mol XL R B EERAHE obol vent
or di spersi oRo RALHE GOMRAMNIgNElce fn@hpcpitardaR @xflos%?e%rabiﬁ&ﬁﬁﬂ%uno@&'%&l (for
exanpl e, glycerol, prQEyLene glycol, and |i'quid pol yethyl ene glycol, and
the like), an@irasgitheaatiBohesalnediseprearmpriiduprn hrCR4 Diartyrccan be

mai ntai ned, - fQtroRKAR iy mbBbrab foPlinflieARkh A% SUAARALAELAINI N by the
mai nt enance of the required particle size“in the case o I spersion and by
the use of sumfdedttalivsxpress (VR4 cabess cell turfaid, kellsehg natbvehadspeest ©XCRE1 ude

i sotoni c ,agent s, xanmp] e.-sugars, 10pol yal cohgl s such nitol,
sorbi tof Zoor g bRl efomutn s Ma e B PERIR) S SHEERE ISR | on o

t he i nj ect ablbeerciotppahted cnsh Gamgheatidyrowgifos@bayvPhy) thadheothonge CX CRl4e
conposition an agent. that del ays.absorption, for exanple, nonostearate
salts and geﬁgﬁsf .egéf'g}eﬂ”eéj’iaﬂ]péclt)abl e solutions can be prepared by

i ncor porating thepagliédsroddGRROLEAckaieTull N & Chibroeidn 8 ABLYdids Fo GRCR4
appropriate solvent with one or a cqnbination of | ng{redi_ ents. enuner at ed
above, as redlfidedivet B FORmPE bieley eb iz iys HReHRNES With ritoxs pyisceshier al |y,

di spersi 08S &y PIHSRAL B5hsDihid RERTRAERLY G iAiNRIAG S8 HRBLNELdN GPR
sterile vehicle that contains a basic dispersi'on medium and the Tequired
ot her i ngr edivefitastiganomeempleie Fesvnde pdivrent, dbbwed by svarhetheaweekdP steril e

povvdgr s for ﬁM%uF?i”zﬁPo%E a}pl 181 t&gl o‘cfté?{ultk gmigen in incomplete Freund's adjuvant.

However, adjuvants other than Freund's are also found to be effective. In addition, whole
cells in the absence of adjuvant are found to be highly immunogenic. The immune

30 response can be monitored over the course of the immunization protocol with plasma
samples being obtained by retroorbital bleeds. The plasma can be screened by ELISA
(as described below), and mice with sufficient titers of anu-CXCR4 human

tmmunoglobulin can be used for fusions. Mice can be boosted intravenously with
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20i nj ectabl e solutions, the preferred nethods of preparation are vacuum
drying and freeze- drying (1lyophilization) that yield a powder of the
active ingredient plus any additional desired ingredient froma previously

sterile-filtered solution thereof The ampunt of active ingredient
whi ch can be conbined with a carrier material to produce a single dosage
formw Il vary dependi ng upon the subject being treated, and 25 the

particul ar noédetigsh 3 days befwt satifionand Tereoaholthe spoéenal id axpedigighadi BRikiowhi ch

w1 general | PhsiniafoB Rl G (R RS ShersBubl PotianF bl B pace don
t her apeuti c efrfiregtizedGeneichhhtigen Aikualdf b@NECHR BT Bdo PEiraGRAfe ustdilg amount
will range fro&e%abogt %&ﬁﬁﬁg cent to about ninety-nine percent of active
i ngredi ent, pPLFEPaBey) HGA 2 pansgenscat bbred peaheintorGinzemesat ,  30nost

Pref er abl ys f r pawighoutdiferBf hum@Rheal P c%@!ﬂﬁnsé&epﬁc&m@io B, ﬁﬁgrinéﬁﬁ/eiyr}g Egg;ggt

in conbination with a pharnmaceufically acceptable carrier.

regi mens are HHRIABH ek Mrorsge staecadee wiethrodeserited in Bsporse (e.g., a

t herapeutic response). For exanple, a single bolus may be adm ni stered,
several divided doses may be adm nistered over time or the dose may be
proporti onal | {enasaion e ! as @aslading $luimad Mmabddndd Wintibeligxif gendiidsuaf t he

t herapeutic situat—io,dn Jt d.s .especial |y Sadvant ageous to formylate
parenteral conposi t “ﬁ'g'“‘eri'yggg‘éi'g% ”U‘Fﬁ”f’ggg}"ﬁ??ﬂf’“‘gﬁ%‘é‘ ‘b‘f‘g%%?ﬁohi‘ itration and
uni f or mi t Y0 of dikdsage spl Bespgeandrirlly O 1dase 8TREh MenheiztdaEess bk ®oplysi cal |y
discrete units sfui tded as unitary dosagﬁs for the subjects to be treated,
each unit conf®iH¥IL° Bt HHEPERIG REW @irRACElt Yneofuchas p ywussompdumriceddineul at ed
to produce thehdesilifchybResaReyA bEs@lchaftor IR pARROEI Al AR Mhiidhe required
phar maceut i cal _car|ri%r .y The lojspecisfiecat i%n fpor ?[Edé]a%gg%eﬁnsh%ﬁc forms of
this di scl osuibagies: dict examle, Bipslisell sspensiony olhelseisdenphaptes &)mt he uni que
characteri stigsndfizel NG.ASH LY r culak therapeutic
effect to be achieved, and (blisgtl?[?;&Firlﬁ%ﬂ?@gin%'ﬂger{%ﬁﬁ?r(gﬁf\glgﬁgi rﬁoens%r(#'”ef
conpoundi hy smetsearyekota opls PR T3B0) thie S0% @ECeXtenofivaenss inglé ta) i n

i ndi vi dual s. 1.Rj c at | 0 he .anti body, the, dosage.ranges from
about 0.0001 %géefgg%g%#icg&hgﬁo ﬂﬁ%rrgmdglﬁglnlzﬁg%'.'cﬁfa? ge @S?Fg‘fs 14151 e host
bo_dyhvvei ght . /fﬁ'ﬁbd E@g@cﬂpctt@fmag' ﬁboc?fkmn%ECQtoBu]B@lﬁ@ ch@?%erw} EIB]TOB é ng/ _kghbody
wei ght , g 0 , o i ght or g body wei ght or
within the raeﬁétéfoe?thfW%/ﬁsé.cgﬁwsg%rﬁ%ﬁn?? Matwlandy: ‘ﬁ@flfﬁr@'ﬂéﬁ'ﬁta&i I's

adni ni strati oppaRdeagen ek 12 BE e WMtttV WEEKSvedBN GRWE VREY inkfla66n Weeks,
once every. four weeks, once a nonth, once every 3 20nbnths or once every

three to ® noREHEHVPREH MY etaiemds fer)iGhansSerunr. 18% "3t copXOReedamdisbody of
this discl osmﬁpiig&llu@ﬁ_\l}l4%&?%939%@!‘@ME%@S%§YWAI5%M%P%i §hss via

i ntravenous adm nistration, ~the antibo ng diven using one of the
fol | owi ng dosTMg-Bereariasteanol, 5P ynigsjrel genfedlin, Seed(e! fioptamiykindbsages, then
every three mMALRSenGh 1 hr ks (1hi) 3 mo/ bod i ght once
fol | owed by :géme/ Egn%%?/X\%ﬁmér%g%e%?fSnardgéd %&%& AR 52 fus'qnﬁ' gﬁﬁ‘g

net hods, two appropmrageinbroetdnalelacnibbodinesd iindadiuah fofvelfi enihe AT Rglaced

speci ficifd es, are-~adnm ni stered sinmultaneou ' ich case the dosage of
each ant i%sod;slw 'g]dﬁnrn?”sd Vé‘#”@ijwf:} il 78 tWtbﬁisﬂeet“ﬁ‘iL%ghL%%m;HHP%‘E‘%’&RC](’ANt‘EMOdy is
usual I'y admi ning g adibodiestuDbdek Rn OECIRSHONGR gloMILSN s SmRBEMRS b SIHREH, &

dosages can be, for. exappl e, ekly, 30nonthly, every three nonthgs or
yearly. | nteroll’s e G Levh ot hemuliraens mbiidareahppe replaed, sereencd

again, and if still positive for human IgG, the monoclonal antibodies can be subcloned at

least twice by limiting dilution. The stable subclones can then be cultured in vitro to
30 generate small amounts of antibody in tissue culture medium for characterization.
To punfy human monoclonal antibodies, selected hybridomas can be grown in
two-liter spinner-flasks for monoclonal antibody purification. Supernatants can be

filtered and concentrated before affinity chromatography with protein A-sepharose
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measuring bl ood |l evels of antibody to the target antigen in the patient. In
sone net hods, dosage is adjusted to achieve a plasnma anti body concentration
Z}‘taboui_ 1- I1000 p?_ {omd and i B soge_ npt[lodsdabout 25- ?00 J idg /Im )

ernatively, antibody can be adm nistered as a sustained rel ease
formul ation, in which case |less frequent admnistration is required. Dosage
and frequency vary depending on the half-life of the antibody in the
patient. | nddghﬁf"&??’_ fﬁiﬁ%‘é‘wgérﬁi'-?ﬁ%ﬁ‘%%l_g&giwa ﬁ'éecr%irlgfﬂ ;Z%ﬂomhwiezéeﬂdf ol | oved
y humani ze BDRAhSRe liGRH TRiohhicaRbhPROANSS . p@itg PRAAREMRILRALLPdi es. The
dosage and frtggt%nc : ofea{ Lrin ni sotra itgn_)bcar? ngy g_ependi ng on whet her the
treatment is f’ﬁg@fﬁﬁ‘;ﬁi’ia&ﬁﬂﬁ,@ﬁé tha epreprication can e dsteopingd be DDES@ppng LAt i ons, a
over & Tong pornaRAeperific TOhSEIRR A dishi Kb BREHER ol Bent ror
the rest of their lives. In therapeutic applications, a relatively high
dosage at relativel hort i nt ls i.s 10soneti.ne ired until
progressi on of ERE PRSI ESIURLEGS o _‘ et B S Sl 4Bl y unti |
the patient shows Apabbdiad offis BRETRIRL BsAdiR bk QFAliEcann Phos YEPE MR cRBhadi Sease.
Thereafter, the patient can be adm nistered a prophylactic regine
Act ual dosagesIévier exagtrle, psombinaties qf segelinanitNA fechhgugsisas setceut i cal
conposi ti ons o AHRnRESRRNL: AiiflasUs & HBY+ RS Viahi 84, $0.1@3851 Q0P ai n an
anount of the active ingredient 15which is effective to achieve the desired
tge_rapetjtiof_ r@ﬁﬁéﬁ%)ﬁ f or r%a_ particul ar pa}gi ent, conpositi onj: atnngrmde of
adm ni stration, w e - - The s osage
| evel will depend th%rékg vgpﬁg{egg%ga%ﬁgélrﬁgg%&!bﬁﬁ {r%g-g?eé]ésttgrrg&i l§clp‘gdi ng the
actit\r/]i ty ;)f tdneoqlmmalrtm' ( hloagulldtengﬁoh Eg'?ia@lﬁea@j crtathe, qm;n@sehqair@ﬂ fgzlsz?@dme tegpl ;)yed,
or e ester, sa r am ereq e raute o ninistration, e tine
of adni ni straff ‘Eﬁ‘i’?arg]‘?éogfd?cgf@”%sf("gxgFBﬁ"B’HgBaft’of'r?éc’gﬂfb‘tcil%'ﬂﬂéatlsméc?rrpound bei ng
B e B L
the age, 'Sex,“*REFYMtYcCOBTFR ihghe g@ﬁ@%ragpwawe!wi%ﬁ@jlog?qnéqﬂmieeni eal i _Zt ory
of : t he2 git i ?EFanQ@t‘idﬁ?L &Elﬁlélts@&l.%efn%s I fhlga%omﬁt, BE %rw@'bber@wg %&%{fibﬁl{ﬁg% dcal f
arts. erapeutically effective dosage” of an anti-CX( anti body o
this di scl osup&ecph @ﬂb@ﬂ_a?tﬂrigody&@m sdigited mtajeeechnsechithat Favwmripignabinddi sease
SYNpt Ons, an 6k EFSEoh ol LAAMERGN HANH. QUAALLOD A i HLREATHaYRE om {1 ee
periods, or a prevention of I npairnent of di'sability due 10 ‘e di sease
affliction. Fegulangns ieynsdription el trangath eneoftthaodntiEXASREMe. t Tioaxpression vector

"therape%i cal h% effecti vteidosa e"agr feraqllﬁy i nhibits cell rgrowthh or

30t unor  drowtR” BYPEY O S8R ABBET 2 W & YrerEr! W”B@“%ﬁ“’l%&%‘t “oout
40% even noreell psedf @habliboby gt cheagincabothe :6086dy @b ySchiih lgefddag bpr ef er abl y
by at |east about 80%relative to unt reabgg1 subﬁ{gects. The ability of a

‘ y
compound to i'WRIMB] PG TRYPE JPERR I RS DAl AoUEWES 47h A iPIREle 3B8el  syst em
predictive ofexpleésidnaeytol MTRUHRBBodyWEREsSire inArfe@ Tiddhle 4@br¥ssi dhRle&oPgoperty of a
conposi tion can be eval uated by exam ning the ability of the conpound to
i nhibit cell SGPE%E Hethodefe 4 disebon ofsamesmeparyredBeoad §srPnvibe niibpdy gessays
known to 2_t5he fﬁaﬁfnlehtedng&ﬁ&{ bdiN€hd 1i tibnﬁ{rﬁggsltﬁdti%ﬁlsilt%% a?JJr@s%H V?p@lﬁ%‘:’”t of a
t her apeuti c compound can decrease tunor size, or otherw se ame | of at e
synpt ons i n @ngberyjy ebarn vomélectgionsdit teeraptibddidsldesanbedhieeran tamimulsed ecrald e t o
deternm ne su ) on_such factors as the bject's si.ze, the
severity of tCf Ehe%rsﬁgﬁpég?qbdg ggger?ﬁ)? 8%?""8%@ 'fﬁ%pepbéfr'?g’legﬂ]lgzﬁleﬁg SFI'8h or route
of adm ni st r atiton abeddgehading heavy chai consPOahd lighn clafin {dnetaprregiemiofdiescl osur e
can be adm ni stered via C%ng or rgore routes of adm njstration using one or

da%

more of a varFulY 'HfYPReY FEME YR 8Pegpitvely Awked to the Cyy segment(s)

30 within the vector and the Vi segment is'operatively linked to the C,. segment within the

vector. Additionally or alternatively, the recombinant expression vector can encode a
signal peptide that facilitates secretion of the antibody chain from a host cell. The

antibody chain gene can be cloned into the vector such that the signal peptide is linked
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10w | | be appreciated by the skilled artisan, the route and/ or nmode of
admnistration will vary dependi ng upon the desired results. Preferred
routes of administration for antibodies of this disclosure include

i ntravenous, intranuscular, intradermal, intraperitoneal, subcutaneous,
spinal or other parenteral routes of adm nistration, for exanple by
injection or infusion. The phrase "parenteral adm nistration" as used
her ei n 15meandn-fratet thé amtbmteringtus af ihe antgtode chahgmee Mhesighal aedide o eadn

adm ni stration., I ynLection, and includes, .without, |imtation,

i ntravenous, i n?yg sbé’ﬁ gsté?éliplanlfq 1rdtﬁét)rr agterg O,go'i'snsﬁ“&‘te'??&i% ¢ ASBRU RpRiTE ar

i ntraorbital, fionta meamiiumoglobuitnrpastenyral , i ntraperitoneal, transtracheal,
subcut aneous, suchnt id(cju.l ar, .int rag}?ti cul ar, subcapsul ar, subarachnoid,

i ntraspinal, epiduf'd®4R8'T e AALCRY HEIM S dierBir RGN BP(RSHRVectors of
20Al t er nat b vekhys digdlosaft daR 9 Gagulitory BdgBetteSHhQRHIE £k REsi A0 AL ShBbed Via a
non- parenteral .route, such as a topical, epidernmal or mucosal route of
admi ni strat i o2 geparhssecelli Tbe g srspulytonoieatdnye” ivmtanded foynclydect al |y,
subl i ngual 'y gfonfdRid CaldnYers TRFo ARG Lk 0Pg prepared wth
carriers that 9_vvi 11 protect the conp%gsrslfgqgg@@gtgmr%%&(c' 'T‘gci]%agr«’ay?g‘s?ﬁch as a
control | ed rebfeeds tha conitohthicanpsciipadnuditagsi@in mp thanbshody chais defeimbucpat ches,
and m croencapsul.ated del Lvery, systens. Biodegradghle, bioconpatible

pol ymers can anzuﬁ‘sbd%“‘é'ﬂéhs ‘é‘éxeesf IR e 98 XA ”gé‘é‘t“aséf“i‘)eo#y“a?f’ﬁﬁ'ﬁlri des,

pol ygl ycoll®c dedhdologpIMabyess in Padyyoldzh08s t/ansemiaPebsDShy DagGhi €A 2Biody). Many
nmet hods for thei lEfireparati Qn of SU(]:h formul ations are _patented or generally
known to t hos&" 50 PPEg2fed by liose iplleddp the ast that theglpsipn phibg capfessoavestol | ed
Rel ease Drug [gelubiiglihe sSsth @& real! b BRSO May3REGd on VRICEL r, Inc.,
New York, 1978. Therapeutic corf%osir{i&;ﬁs can be gdm’_oﬂi steretglrl?\?\ngb% medi cal
devi ces knownChoieetohErediopt celt g bedsanpigrmaed, the levehofek piesseah dipboel i desved, .
therapeutic CorRORH M sdollbmedios HaBSl Ll shered. i th a
needl el ess hypoderm cggi.ncj%féé%qi onedeovﬁge‘wgﬁcﬁﬁ{;@c}ﬂe&fﬁ%ggégévllﬁéc]%ie ‘afa}gcl osed in
U.S. Pateht NeJsmems haglinedginleadgofgaeinsx3ta|@36 mamn06d) ddis; sudy 841, 880;

4,790, 824; A2 23Ry o O £ ICI -Oke, 0.' .and .nmodyl ful
in the presg:llt)%diggc% ggﬁr e'ﬁf%ﬁ%%u%z:g{fé% Par gg%?nﬂ%g?éﬁ%%’%g’@,v%ggﬁs e

di scl oses an (S¥g0pnrtableusiicy. ahé afetsing najorpad pomdies PRIMLPLNEREIEALI On at a
control | ed ra}\ﬁémsrr{l%e . _Pat elnt No. 4,486, 194, which discloses a therapeutic
device for adm Alatert Ay HEIFRUREY SERIEBEA2Y he used frch o5 e UBRYiIERt No.
4,447,233, whpromotdi 6:G1-0R6% pRorhBeH GallifGher MEMTIOD RHTRs LOhpsgh brver i ng

medi cation at a precjse infusion rate; U S.~ Patent No. 4,447,224, which

di scl oses*h vEAYEBISETIT differerpicarrealsia 4 el canomploasyatems whish cemmibs nuous

drug deliver yseqbdnges Rt gt Mg, 43 i.ch. di se n osnotic drug
10del i very sy??errr‘], ﬁavi ng mul tie’ilr h%n@glgep%g%’roﬁ%ﬂbgﬂ rg%ecﬁfﬁg'.maﬁg?cght No.
4,475,196, whpdismi wolsoges @nkabsbter ol (r988) el Cviérjo/sys6ient2)These patents
are incorporated . by reference.. Many ot her, such inplants, delivery
systenms, and mdupgéﬂé{?%n téﬁ'bemﬁé%dr}tcﬁ%gée% i Cfr(fa“'ia‘r?r}(tsf‘?@“%c?s: then certain
enbodi nent s, retrentinimaexprarioc bamat ofxhisidhodbies maf cAhi sdddionsl seqh& s CRARn 15be
f or mul at to _ensure Rr.oper di sti.ri pution in vivo. For exanple, the

bl ood- brai'n EAFFJuSpees gulate replication of the vector in host cells (e.g., origins of
replication} and selectable marker genes. The selectable marker gene facilitates
selection of host cells into which the vector has been introduced (see, e.g.. U.S Pat. Nos.
4,399,216, 4,634,665 and 5,179,017, ali by Axel et al). For example, typically the
selectable marker gene confers resistance to drugs, such as G418, hygromycin or
30 methotrexate, on a host cell into which the vector has been introduced. Preferred

selectable marker genes include the dihydrofolate reductase (DHFR) gene (for use in

dhfr- host cells with methotrexate selection/amplification) and the neo gene (for G418

selection).
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(BBB) excludes many highly hydrophilic conpounds. To ensure that the

t herapeutic conpounds of this disclosure cross the BBB (if desired), they
can be fornul ated, for exanple, in |iposones. For nethods of manufacturing
| i posonmes, see, e.g., US. Patents 4,522,6811; 5, 374,548; and 5,399, 331. The
|'i posomes may conprise one or nore 20noieties which are selectively
transported into s ecif r or ans t hus enhance tar drug
delivery (sed‘ &S S'Ovotﬁleﬁzhﬁ ey Bins. el eSO RS AT O0e. 85) .

Exenpl ary tangaly g igh @hine traetaielSinfod] RIsCoelbyRiaABArd (dchifGudd: Fhe FRIBNT
5,416,016 to LOM/C|Ot) mannosi des (Urezawa et "al ., (1988)Bi ochetn.

Bi ophys. Res. Omlof‘ﬁrmrﬂWnsfifs@nmssqtendaﬁm WeenBass p Pl \Brigerah fechiiges (1995)
FEES Len. 357 | ( her .
50: 180) . sur Factant B oRal Rl SR AT 6y RATH R

Phy. sl ol . 5123®st18U)e;g. pﬁi@ﬁolérsalmneb?éduxmphawhat@;p@@i@)’mi@i OEAR-ddxean  269: 9090) ;

i1 rons 1 o enap opd b RE T SERGRLCHBAE Uo7 £S5 Yo ddinate il

The anti bodi Qﬁthl@c&ﬁdwsﬂtﬂaareyhdrlpﬁjkhﬂyﬂ‘ﬁ@oﬂfl&karbaiﬁ [RS8t ceaﬂtek]hegtyonqﬁmﬂﬁ)utes ons and
met hods of the qﬁesent di scl osure haYe nunerous in vitro and in vivo

di agnosti ¢ adlStRBrEp &t tdgeest prcfesdly mpgmolirdashe!iingn oW 'refadcd r eat ment
of CXCR4 nediRtfse dick ehde/obic cellsOindaX paBb@ar hiHeS8iARLES We&Sor€ BRIV an
adnministered to cells in'culture, invitro or ex vivo, or to human

subj ect s, 0. grokanietiyFelis fo pembleand sepietaaeiippeaidolded #iddgmyselogicyllr dctry of
dlsorders t human
and nonhuman gﬁ?cﬁgl E?Jkﬁ%@z:%éﬁeﬁg glﬁl??n%'lﬁsupé %ﬁﬁs ea§gHﬂ %5}) ql?gtt)&r%t%é@cweg

manmal s and derprodrwaemed legh weldhofastinomitibodwa(®ops, Mret. esd Walode R. dBBS) cat S,
cows, hor ses,/mg?g 5’10 ns./ agqgllg ans, and reptiles. Preferred subjects

i ncl ude human”pats &t <Ravi ng |sorders nmedi at ed by or nodul at ed by CXCR4
activity or i nvoI Prdﬁ@reﬂh@n@mﬁh&%ciﬂs ﬂaaéxfpms&ng, Ne&o&mtdabmtie&iés(bf@)@m are

adm ni st er.ed to et her t h. anat her ent he an b adm ni stered in
ei ther orlder %¥ °§‘|"Fr1ﬂ°{”glﬁg(9w§i3 a”i%‘iﬁ QCHQO %‘ﬁ]éH”fci T g Qtellene

anti bodi es ofgctdabsd i EELOSHI EndsHY (1C octiBr abtd Q@dusﬁ 79h2 fPiBodiseg! osure
can be used to specifically detect CXCR4 expression on the surface of cells

and, nor eoverythcalAHBR stiseels Bagyan ﬁﬁ’y apkerabedimRi hirantranfandiPt & Bhard fi cat i on.
Sui tabl e rout (858290 9BRE SESE ]n92] human
15nmonocl onal ant ?éodl es’ _rt?spe ﬂfiylegglg?ég%ce)c ;Ségmfm Zsc}sz%ggs alpld

i Munoconj uga?tdéls;u])lr &t ushivigh Nsébhn‘ém@cqlln anpther mpfdrrehesprssion aysenwslthe known
in the arf, a I e r I npl e, the
ant i body E:jorrprt%)iss res%% %%sttengalgylogeg %6(8%85&'2?%(:\%;300& (\*é() SER) O?q((?avenous
or subcut anecBﬁb&mgtSm)malﬁPéaﬂﬁsageﬁewmgthne) Nﬂmeecedoeﬁtmed(pwmbn depend on the

age and wei gh t he subje he, concentrati,on a rimul ati on of
S anti body e ha RS or Rod e DR BT SO AtF AnhOsHae My | - CoxcRa
anti bodi es Ofprddi]b@l@I@Qb%uh@hé‘saﬂellb%l%eﬁdﬂfbﬂﬂlrﬁéﬁffﬂ‘@ier\/ﬁﬂtéElicﬁbﬂﬁ)ror other nore
therapeutic agents, e.g., a cytotoxic agent, a radiotoxic agent or an

i munosuppr e $3PRGE ARG Hle anwyaﬁfﬁ‘?%ﬂfﬁ’@a‘?{ Were| Ireiriablyt SCieHen afgbhintbady an
| munoconRl eXjio e GRcRRIRMMNIREERE Hod SARGAL Sol k. Oﬁhﬁmtégﬁgﬁearaé&entege

25l atter case (separate adm nistration), the ant | body can m ni st ered
bef or e, afterfromthegwewmec'hvrlnytsmgﬂanﬂlalrfépra?gernpurtfmamm@éocbo admi ni stered with
ot her known therapies, e.g., an anti-cancer therapy, e.g., radiation. Such
t her apeuti c agents incI ude, anong others, anti-neoplastic agents such as

doxor ubi ci n Mmmmnwddmmmm n sul fate, carnustine,
chl oranbucil, and,c h m, de hydr oxyur ea i ch, el ves, 30are
only effective at Alr@i’/oéjl'eg Ogﬁ\p%‘ﬁscé?séret%QF’ E%tg’v%ﬂgéo 1(32( ﬂﬁn};"ént

a’ ‘'spl at i B0i s example, standard flow cytometry methods. Smce the antibodies of this disclosure

preferably recognize CXCRA4 in its native conformation within a membrane, testing for
binding to CXCR4 preferably is done with an assay (e.g., flow cytometry) that utilizes a

reagent expressing native conformation CXCR4. Nonlimiting examples of reagents
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i ntravenously adm nistered as a 100 ng/ kg dose once every four weeks and
adrianycin is intravenously adm nistered as a 60-75 ng/ M dose once every
21 days. Co- administration of the human anti-CXCR4 anti bodi es, or antigen
bi nding fragments thereof, of the present disclosure with chenotherapeutic
agents provides two anti-cancer agents which operate via different

mechani snms which yield a cytotoxic effect to human tunor cells. Such

co- adm ni st ra?"ipffﬁs‘ﬁ%i‘ﬁ“é’élcﬂ’fécorﬁ?aﬁw Errs Rdubatcen bravsed bohebndiag assewiistledsce to
drugs or a changg ﬁhtﬁrg?y %Fésgéﬁtﬁht(é’goﬁliw&l!E)UEE‘?I tREhdve. bt:\k]%%‘ nRUkLGr ender
5them unreactive wth the antib arget - speci f Y&8ctor cel | S,
e.g., effectoxpeass CKCRﬁrﬁkédRﬂ@iG(ﬁ@ MS&pt@ﬁwﬂb@ @GR henpeistamvéchilangds,,
nultlspeC|f|c i i t dISC o ure can al so be used
as therapeuti c&ggg%tlgte%%ghe@t(gfﬁhggﬁegé% rp?rg% BOteI‘???r%gﬁmFeukocyt es
such as mecr oprrag@m,mgr(énmwpbachaf @hichiaieeyibes i m iﬁhherdem&hd SicERahplee

eosi nophi | s, %-1 | er 10cell s anaﬂ ot her. gg A-recept or bearing
cells. If des ? oéf'fe o UBFPS S e “HBEENA %401?’? l"ﬁ% balsdip B t 0 be

treated. The ﬁeﬁraﬂﬂio@w&héd encAb A QOB a RBIESscERVaBeALR &Fﬁl@éﬁﬁn(ﬁfﬁ, 18
suspension of cells I1n a physiologically acceptable solution. The nunber of

cel | s adni ni sthekerngbedypwashad agren, ardiabiesied 1OBaley thiateaittelbindingyof tependi ng
on the ther apQUt]dGryRtRRASS thel By JENEL3h %hece}ng%mt) \Mplp,l,a@@ ,§qulpl ent to
obtain | ocalization i5at the targé&t cefl, )[urmr c&l'l""expr essi ng
CXCR4, antP t odestlppdte heghlest ukdr$ hsi avglubiyd byeﬂgw cylphnagyawﬁt loesussd deaimmcms oofor

d h fi ff
el o can be Waeor BB ol Miboion s oy LAY Pt RS € roval of

targeted cel ImadeFFm Bealhgdfehe amise). t unor t herapy using the conpositions
(e.g., human antibogies, nultispecific. and bispecific nDIecuIes) of this
20di scl osure and/ d“rﬁ‘é‘f’%‘&”&‘*f Esé Y dﬁ?ﬁ’r‘@?ﬁ%“ﬁ’ﬁc PEUSHIOSFEFLIRE can be

used in conj uetil@maswhdt Bh SN EERTReERDBYILy VHHTKICRA S hYinogeR MRy BAddnfe
i mmunot herapy may be used to direct two distinct c?/t ot oxi ¢ effector

popul at i of’s tTRETY"Y trBPd et bing gt frighavidiprto we supstanedx@rUtlit i bodi es
l'inked to antdhnfergaimonRkloRE f‘r@ﬂtéacl‘g%nma By d{lxsr@tqm's theGE: ﬁ{}f&fltﬁg with 1gG

or IgA-receptor specific binding agents. 25Bispecific an tispecific
mol ecul es of RaFAnscelis Sl v peom ey )adas be blosers &d mabinge dul Oatid cFit jiRkotordecy R

| evel s on effgﬁc#@sc%k/llf@r anﬁ%%@ ?gﬁpaymgappl ng and elimnation of receptors
on the cell surface xtures’of anti-Fc receptors can al so be used for

this purpose. The TogupbsintiiGRNERE entdodichuetencd hbndahasedy bogrookiimesd-Lter

ant i bodi |c 30and b| cifi.c molecul es and i nogonj ugat es)
of this ?f%sclsgmn?r ﬁ)wﬁ  (oh MeRCAOEL Y gﬁ%ﬂf”ﬂﬁ?tﬁ)&r ﬁgpﬁv%‘%@‘s C@&m‘&‘?gﬁ@rti ons
fromlgd, - 2qon03|’ntra£3d BfoleghfinMyi ctifonbiidiehp® @ Kt @ARE K A- @@ﬂar@éeiphé?ﬁa&i§ed in the
presence of r% ’rﬁ)‘ H1 ﬁ enbodi ment, ex vivo treatnent of

popul ati on of® Fa{PaY.dYmpFived QGF%‘@%‘the%]@pl’béé\?@neﬂ%”a}“m%maﬁ@hﬁbent of this

di scl osure angepRnePhiad enrehhBehety ©ehduse [ﬁﬁi@y bm%aml SIRLe hy the
addi tion of conplenent or serum containing conplenent. Phagocytosis of

target cells eéﬁ’%f’ﬂ‘é?ﬁ ROt Sa 2l MerengenigEnr cafberdsicsmigd by @BAB@uEEN! b i npr oved
by bi ndi ng ofexGRaRheABRMieR’ ThendRocidddl zﬁlr'i%ché'srcaﬁrﬂpgl WAL ﬁFx%ﬁta: G864

coated with the conpositions (e.g., human ant | i es, t spem(#l c and
bi speci fi ¢ nol eculTegiptenhing Hitke &sﬂest;’ﬂ@@tuﬂéiCchnmaiosl@n&jenmwm byl tecompheerent .
In yet anoth B ons_ of thi.s ure do not

acti vat e corrp ]tﬁg’)o&% Bod}&?bgg{@%%# Sl‘%conlmem'a“y ﬁvaﬁrﬁtﬁe reﬁ%ﬁ?gni zed, or
chineric ant |(Bmchee1$qckfmdi tILY peonfeticoanddibyd . sp@ainfabeedrmlosciidrabarmbodies and

I nmunoconj ugat e of, this disclosure can so be.
J 9%, Stidylatta monoslonal antibo 1%5 can be performed using a whole cell ELISA assay in

g 30 which ELISA plates are coated with cells expressing CXCR4, and the ability of the
unlabeled antibody to compete with the biotinylated antibody for binding to the CXCR4-
expressing cells is examined. Biotinylated mAb binding can be detected with a strep-

avidin-alkaline phosphatase probe.
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10adm ni stered together with conplenent. Accordingly, within the scope of
this disclosure are conpositions conprising human anti bodies, nultispecific
or bispecific nolecules and serum or conpl enent These conpositions are
advant ageous in that the conplenent is located in close proximty to the
human anti bodies, nultispecific or bispecific nolecules. Aternatively, the
human anti bodi es, nmultispecific or _bispecific 15nol ecules of this

di scl osure and t hgoééﬁ?ﬁ?‘é?r’é’ﬁﬂso&fpeé’élg‘ﬂ cg dputsdicadistiedilde d¢cadBar at el y.

The anti bodi e3rQimdiNiking HagGltOSHEiRC %r%gnk?cﬁrks BEa ??rﬁg_llzh r?s PRl ABIeWot h one
or nore additional therfapéutic antibodies or o i'ng agent such as
1g fusion pr deeimise theosptyfers & hngarexansi sl @tlb@h’he’ﬁ“%ﬂftrmlb@dieesiam cdvi lredli ng
agents with X tlbod this discl@su

adni ni st er ed\ylnéntgéggﬁﬁ %gﬁlgga? lric e'marlnn X’E)’ EI“I'" Ovem]%]?nddigﬁ ’E‘ﬁer(eijﬁ?cmtgo CTLA- 4
PSMA, CD306, Rth104 BISENhy pla@mﬂ: reRIihdI wnkPQ;Lg_/nhl oerleof t&rdNEroRoclME%nbVEa: R
CCR5, IL-1, IL- 18f, 1L- 18R, Cl? at h- Zﬂ’ Her-2 CD25,
gpl I billla, PRI SRS co%fﬂo? ﬁ uyrf lemﬂgﬁﬁ”rﬁ ?folr‘ﬁ\‘l’ﬁﬁﬁolhouﬁ % jicthi n t he
scope of the uphesesicediviGl ABeRAMAR ¢gdn ShuSRAMENIShaEd Mg B bhdapkhiase-

conposi tions of this disclosure ( human anti bodi es, bispecific or

nul ti speci fi CopBEBednales. Rptes ‘I*fﬁﬂﬁ‘t?&?ﬁil’ egbnalyyedgnderchled oveons for use. The

kit can further conhabociNRuR-8:00EE& RAddifd ARk r58R8QERSwiF ektras an
|mTunosuppr essi ve reagent a Ccy Fot oxi c agent or a radi Ot oxi C agent or one

or nore d&di tahogealbyWepsan blnttlnbo&rlegy IXGRA en3@ i pailed surt wibfeeted) tq sodiuuman
anti body haviy h t he
CXCRA ant | gersoah G AR HPIER) Bnlacl Lidiondbh i3Syt RBRsSAhE Sl G,
patients tr eahegbnmrtehraasftrieldadyiitmwhmt:h1embsmes‘ bicakesi vdils 1% Sl eal€ sepurbe

additionally a e Jrrultaneou wi.th, ar fol] ow ng
adni ni strati 5H98'f°g‘é‘? Uﬁﬁ“ﬁ "%ﬁf’?lﬁﬁa(ljf}m 'teﬁfosbedfsé"éil %ﬁé)lb@“t” &8t Rer
therapeutic agentd uahgcmmarﬁmanq%/ alkakiephasphh@sh M @i doRE Mith, BOWINET enhances
or augnments the therapeutic effect of the 5human anti bodi es. In

ot her entJodi ebstrate (hes Qigpethent &ip-é Laisi Modnal |y treated with an agent
that nmodul ates, egg, bm@ﬂ@%@%ﬂ?'&fémlupbéysoftﬁ Pﬁsﬂés%ee.%é}l A8 Eérdeﬂe%ln\ééity of
Fey or Fcy receptors by, for exanple, tréating the subject a cytoki ne.
Preferred cytbokimdsifonndodithsantgeioe cquxmgsvme@mﬁmfomnampﬂdm flow

mul tispecifi l.ecu f g I t c | at.l,hg factor
(G CSF), gra%ﬁ@cy lﬁp]&anlg %&g’g‘ cs% }g%s;a (glﬁ?ﬁr%gll g% ﬁmgfb 4 ”%“3}1‘*&\%'%,

i nterferon- yxgrefBnyestoandodingtramecmbeing fdramﬂﬁ‘rxqmzi\lﬁ)he trhhgecahgpoisint i ons

(e.qg., n _antibodies, multispecific ecul es) of this

i 5o osurd oA aPBeh e e a4 ek PedPrud okl bt eReat SR Sk e
for | abelingasusdbodeld e tago&rﬁmcgtbfusemﬁohgeobumd:hsag:sagemcxcam e blei Nnked to a
15nol ecul e that can be det thi s disclosure provides methods for

| ocal i zi ng eXeWiBeLRY iPfH bt e Hé’i‘sl?@‘eéﬁﬁlﬂse%‘? 1hg aptskery. andHecdwgderibl e | abel
can be, e.g. ,am%ddgdsmdﬁ%t&@@amaaow M@ég%mhe%mamﬂpmém BAZYEBed £fa an
enzyme co-factor. In a particul ar enbodi nent, this ‘disclosure

provi des net REYEY T witrdet ect i ng the presence of CXCR4 antigen in a sanple,
or neasukkng the anount of CXCR4 antigen, 20conprising contacting the

sanple, and a control sanple, with a human nonocl onal
Immunoconjugates

In another aspect, the present disclosure features an anti-CXCR4 antibody, or a
fragment thereof, conjugated to a therapeutic moiety, such as a cytotoxin, a drug (e.g.,
an immunosuppressant) or a radiotoxin. Such conjugates are referred to herein as
30 “immunoconjugates”. Immunoconjugates that include one or more cytotoxins are
referred to as “immunotoxins,” A cytotoxin or cytotoxic agent includes any agent that is
detrimental to (¢.g., kills) cells. Examples include taxol, cytochalasin B, gramicidin D,

ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine,
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anti body, or an antigen binding portion thereof, which specifically binds
to CXCR4, under conditions that allow for formation of a conpl ex between
the anti body or portion thereof and CXCR4. The fornmation of a conplex is

t hen detected, wherein a difference conplex formation between the sanple
conpared to the control sanple is indicative the 25presence of CXCR4
antigen in the sanple. I n yet anot her enbodi ment, i nmunoconj ugates
of this d|scl@%dﬁ@"é@ﬁmbbwmsé@m@@bwws@@Fméamwémn@sdGEGgmkmﬁMEmapeut|c
agents, | abel o [ S etc.) to cells
whi ch have CX th&x%?% %ﬁr aé%ﬁgégggﬁgb%%gk %gagg&§§ B&kgunds to the
anti body. Thu@ﬁmmhwsmﬁmgotqsmnamaﬂsmdpnmmwdﬁanmemhqﬂsrﬁ@ﬁdB@ﬁmﬁawl2|ng ex
vivo or in V|¥%”a abl e | abel, such

as a radi oi sot 0p eum ex r SSI L?i %WSU‘&?E’ %ijegrt??&‘?’g (‘93 %% OBHA Pl

co-factor)s Ainbﬁﬁma}mn\neltythldglnmmerm}dﬁiaﬁnﬁéljSu@ﬂir@.ﬁradi!&fécd?@azuﬁ?diléyfhtlkg|| cells
whi ch have CXCR4 Zﬁ%ﬁl syrface receptors by targeting cytotoxins or
radi ot oxi ns t &R mechlorethamipgsppepachigrgibyctl omgah %&pF%ﬁ%’é‘d’eéﬁsﬁUﬁm de

variety of tumfomeling (CUNES FSthapheinids, ULSAVR, Jerohf%rﬂanmml tFﬂmSc
netastasis. Moreover, as a cofeceptor for H'V entry into cel
known to be i mitemyaielCi snduiissdichiped eimars. Plﬁdldmt(ih‘bﬁéﬂ)l’)yuwidme) @N@Rd#tﬂ‘sl@ﬁs 1
pat hway has b \MLIHQ he lnvolve r opditions. 5 Still
further, the %;CR?% Sg’ﬁv\& u“ﬁ'a“%"be 1w&$>‘%m ‘(ym'%'r‘f\'/'(‘i </§d in
angi ogenesi s dﬂttmmmyﬁas(cfeﬂrrariyzaaﬁnomycmp\(bmrrqimnghyhramMn amt iant@¥eRdinant i bodi es
(and i munocop] tes and. peci f cul es this disclosure can be
used to m)dulgﬂﬁg@ix@% Q@fF P%e”i[sn(l é'acY,WCB?“”Fﬁ%%)@"@f"l“ﬁlﬁ)cal situations, as
follows: 10A. Ca r@®ér preferred ex%@éohﬁ&a%ﬂﬂcﬁb@%s thar 08 beXBjessRdo By a
vari ety of cancer t%/{pes &Qd in certain situations an |nverse correl ation
Pehetf thef

has been est aHl! SHIrERERde diasPEYEING TGRS SR IF e s or

survival . Nonajristitihd, Bg @¥RRleStherbr Ca\'ﬂ(é%mﬁ]é’gﬁascaﬂ%l‘?éﬂﬁﬁ@ﬁ &linvh b
expression include: breast (Miuller, A c/at 001) Nature 15410 56)

ovarian (Scot¥®&ammerciably gvailblo@lylasre®Amensee regdrtsBO7; prostate
(Taichman, R 'S. c/@kobadR0%h b%ﬁ@@%%atéﬁ%@ag%p%%%ﬁh&%?’s&’osﬂg(]sx%rﬁ\lgg cell lung

(Spano J.P. c/at (2004) Ann. pancreatic shiba, T. et
at (2000) Contecltnaimemvaﬂeble 1r6th35130£8’5@5§s Ofﬁihklﬂl‘qu:ds (hegevg beeh. dskd ©/ a/ .

(2003)./. Endo 0 oph eal arC| noma ( Wang,
N. c/ at (2005‘)00”11“*‘5[1‘% °"|\9e‘8 a"%‘ﬂ)‘ gé &, baE e et i egé%nhé{ ragones. at  ( 2005)
din. Cancer dReetheﬂs,lesﬂaBsBBrsﬂjﬁdés)a,nd hegtale- cﬁethslnm(galrnmrEIOHHmkﬁtoaﬂm bethosE the/ at

(2003) %25 307- 311gwﬁLyg£HF BertoI|n| F. c/at (2002) Cancer Res.
62: 3530- 5)'5 REUPBBlcaLiStREbie ?Ha%f‘rby v Rkt Within thsdigsoggmal cpmpdripant or

167: 4747- 4757sceglibio b et S5y (JReened, such- aé\pr&éaeés &Q@Q)an ekﬁ}es@@mmﬁméf’c V.
6: 102-111); rhabdonyosarcoma (Libura, J. e 2002) ood

100: 2597- 2606 SSUSHERIFHECPADS (¢-Ze 611BIBIEF §, JDB c/ at (2003) Cancer Res.
63: 3833-3839); k v offypds o Xi
) Ki dReyrhachiadssn f/t‘ydzl feéytc% &@991%} ??gérbéé ngﬂlﬁer Cancer Res.

86: 1250- 1256) ; osteosarcona (Laverdiere,
11 2561 2567)00“1&'6@11!@ IPVWH%%&QW!@HWU@W@W@ A Criane.dh ar &, (2RO3)cddt D62001)

ol ai (2008 B e To5 680 ety oy B4 Gart PR VAT R RRESETY . coma

ant i bodi es of33t7hPesmd|G;cd20@1)(é7nccar€cﬂé ZUD§ét:IZ; Alldnh& M. r(emzwm Ref. Ceaneer s,

| udi b d d f h f
breast, ovar (20 probbifel “RoRERRRI dePoPury: Chintree RO Ay P T °

nasophar yngeal0ota8enier PO, antshARQAE J. r(mma} AgeDrugRERi RONE3 2k y.ophoma,
neur obl astoma, gl OE st oma, r habdomyosar coma, col orectal, Kkidney,
ost eosar coma, acut'®@" BheRIeseRt QI%w%fmaEO&ﬁubea@muémﬁi/& YirdiofeiRen a. The

ant i body wan &tﬁo&s@ge@lrs@@@t&ax.tde%ﬂnhﬁaém@ens %59?&%&@%% treatments, such
as surgery and/or radiation, and/or with other anti-neoplastic agents, such

as the anti - Ha@pIm&ioeoraaIes s Eginepiessnt eatlioaaives eqtoffes tahcan be conjugated to
antibodies for use diagnostically or therapeutically include, but are not limited to,

CR4|s

1F1

iodine”', indium'"', yttrium™ and lutetium'”. Method for preparing
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5above, including chenotherapeutic drugs and other anti-tunor antigen

anti bodi es, such as those that bind CD20, Her2, PSMA, Canpath-I, EGFR and

the like. B. Viral Infections including HV Infection CXCR4 has been shown
to be a coreceptor for HV entry into T cells and, 10additionally, certain
murine anti-CXCR4 anti bodi es have been denonstrated to be able to inhibit

entry of HHV isolates into T cel ee Hou, .T. et al.. (1998) 1, |nmmunol.
160 180- 188; EdPHERTCSNeesar¢ SEb] T OF b BN G B e
can be used ase gomkR&ERNPEVAINLIY, iRdhsBSs LORIGDIDED PHOmbEdE G hnPBekxaas | bodi es
to CXCR4 can be used to inhibit cell entr%St of such viruses that use CXCR4

as a recept or{Congxlraanssgrycalsy.ad sisnlanmathads gan Exesed 1 ptePyedi es of this

di scl osure cayshe, - QatR R W Q1 B Vs .nto a cell, wherein the
Vi rus uses CX%QI a@gg?ﬁ%gkegg%]pég?%%% iegr?'[f?‘ﬁdlédt}%wlet hat viral infection is
i nhi bited.5 In a prlbtertrbedy evrpatienehth)s difvbosartchbbelvsed tamedifisegivéro i nhi bi t

entry of HIV,into T cells, e.g ., Inthe treatnment or prevention of
v A B o b S el W bE el RURREN ThsBthe:

anti-viral aghahial derefevds agantsi Foeémonie ale ddrpugsie@sdydie agsotAd br or pr ot ease

inhibitors. C _ |Inflammtor ndi ti.ons - he CXCR4/ SDF- at hway has
been shown td’olﬂpé@f“g pPﬁleg"%éﬁC%Squ‘@P%‘C%F‘C[i“’h‘fyl gHﬁh‘erWsé‘@Hd?“}‘i‘dgn r
i ncl udi ng butexR@ple] dnnnk@thtic@ly Dtk AIBXBL 6 36tk ¢ H@Im & 90R8E sd(febadacinR et al

(2003) Lab. Invest. 83:665-672); autoimune joint inflammtion (Matthys, P.
el at (2001) 1 reeHIRMENas e1iPxiBcTEL RIS toxan; |agigfpia sushrafdymeN nsergsie facep Az al o,

J.A ei al. (; - . : . i i sease
(Hosokawa, Y.I%gﬁgrgew’ (%rg@%)?%%l r?%)gﬁséjﬁgm%%%uﬁg%pq‘i‘%%%ggolﬂbgbo eg’or di ngly,

t he human antinte@(ER4] diiit-1 o diteukih-2t(MLs2 )i isiet akir-& ("Thét), prahiibéyte 30bi ndi ng
of SDF-1 to CXCR4,.can be used to jinhihit inf|amation in infla tory

G sorder s, *i ARTTHITRS iy FROP e Gl B0t DM S HE Pt TSI SE P of |

i nflammat ory fhdimer GAl SFERSLotharOWINTRUGs] Oi nt i nfl anmation, allergic airway
di sease, periodontal disease, rheumatoid arthritis, inflamuatory bowel

di sease, =Qystemni c il CPEngRIBS Bish *"‘F)V%Pémfcm@fie%(ﬁéf“@sb,f’diehf"lea‘f?ﬁat ory skin

di sorders (e.gownR38 reigﬂsfirﬁon leia?.h%or@cﬁ)@b‘s}intib@&%?f’%%nﬁﬁ)@"e@ﬁ %ﬂbﬁ%@se’
Sj ogren' s syndrone, 5Bul nonary i nflammation ( chronic ™ sETructl ve

e.g.,
pul monary di da&sacer ph¢ramh ainpMewelool dodibadiey &nﬁbgmltﬂ@r@bw%@ﬁfﬁl@iesyl and
i nfl anmat ory ki.dn i | e , ! t.hy, .ql rulongphritis).
The anti body (E%S%’ @%%jsgg?@g gh?ég%rln I g@sgg%%]ﬁg?:ﬁéﬂéﬁw gﬁ%c’)%?jﬁegﬁg PBRY
anti -i nf | amm?aivgryage fostyolkd Cm@aBelneny: @neEdi) dabirant é-ali(add Jappré®6y dr ugs

( NSAI Ds) ,,cort} co r.oi ds .. predni sone,. hydr rtisone hot r exat e,
o2 1 nia% (B DR ST O gE S R ik T C vt

adal i nrumab) andrappmiResepniedRASd Snaf Authodas ‘G- DRyl ea@l epdICtineal azat hi opri ne
and cycl osporjn .10 D. A ngj ggenesi_s It has _been deppnstrated
hat “Sor 11 rhibetlons SsBeacut LATT Bh ARS8 6IT ST RRESGR. And Futie

CXCR4- expr es Hirf@ R B®TAhe %t 8 sculid Use OPRKdi 0/8bdPARMIboMRTn CRE: Therapy”, in

Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin e/ al. (eds.), pp.
25 303-16 (Academic Press 1985), and Thorpe et al., fmmunol. Rev., 62:119-58 (1982).

Bispecific Molecules

In another aspect, the present disclosure features bispecific molecules comprising

an anti-CXCR4 antibody, or a fragment thereof, of this disclosure. An antibody of this

30 disclosure, or antigen-binding portions thereof, can be derivatized or linked to another
functional molecule, ¢.g., another peptide or protein {e.g., another antibody or ligand for

a receptor) to generate a bispecific molecule that binds to at feast two different binding

sites or target molecules. The antibody of this disclosure may in fact be derivatized or
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12: 557-567). Moreover, blockade of the SDF-1/ CXCR4 pat hway can attenuate
iii vivo 15tunor growth by inhibiting angi ogenesis in a VEG--i ndependent
manner (Quleng, B. c- at (2005) Cancer Res. 65:5864-58-71). Still further,
as denonstrated in Exanple 2, antibodies of this disclosure are capabl e of
inhibiting capillary tube formation in vitro. Accordingly, the anti-CXCR4
anti bodies of this disclosure that inhibit binding of SDF-1 to CXCR4 can be
used to i nhi bfitkedigmefrehsims oipr fureemrbplagplanic denernie nsisp L BXOR4c@Opat hvay .

| nhi bi tion of ti@pﬂh@gﬁrﬂ&%k}ﬁn(ﬁﬁg d#ﬁre‘ﬁ?ﬁqmné leﬁieaéﬁfgptl lﬁ,ﬁt r“@e&url] l RII ch tunor

grow h or tunor netastasis (regardless o unor’is CXCR4'). The
anti body can beltgpesificanoamlesarg alsccotrhdadas bc)mcmnunhssm:ttk}ethe enhi biaggifegeni c

t h ] t di 25E. . Aut Cel |
?—?gﬂs; aﬁ?gt i %ﬁ;le@uﬁ%" '§C@,é}£}n Iher aIreea K b'%[’e%'lfélr‘% g %5@? fe‘?in%s”ﬁr@\‘ erred

source of $temtibely sftﬁ@rdusuls»a)re BantétfORDGAA |BkedeGelby chémibgRbaninon, for
exanple in the trﬁftment of ‘%ertal n hemat ol ogi cal malignancies. Collection

of stem cel | sSFEBRTIERE 198FFBIRE HFOHAIGR T FBLVISELS ore B MPEAtIcohngnZCDBe st em

celI's from t hgokemes, SRhra®WadiRer hitehoR el ah R @}agpllaﬂogeptly@&ﬂ bQH:ﬁn Hhpdticnes,
30chenoki nes and adhesi on nol ecul es” have een inplicated in he regulatlon

of this pr oce®¥h (haby Prpgsifici mol e reulisy. (2001)1 Hemal ot her . Stern CeII Res.

smal | nol ecul e CXCRA ant ag(;nl e o C%gen ‘demonsti at ecTDﬁb““!setsl rrur”t'é” tiapl d

mobi | i zat 1®n bhst CD34rst Ighding E;Ebllﬁs:ty fOII‘GmmnbameconﬁbdegtS@eciﬂwy[ﬁ@l‘al phery

(see e.g., De M . el . Oncol. 22:1095-1102; Broxneyer,
e o Tal (R aEepShedn » S50 smo gl SiRhis dFisag (haseoaid e
(2005) Bl ood 1&}36:;03;86%1-. E87edpptoAe @O hinAgF §RI m&¢)@x%mdab@&k}%$ (@hshhi s

di sclosure that inhibit CXCR4 activity : , antagoni st anti bodi es) can
Sbe used to sfhagiPet Bisfsiosis mdudas bispeciizguplesutescenablest bindims tbhe tbEa® nmar r ow

to the peri ph&fﬁ%RQkﬁggln%%ff@&prgllg f%nsgrlolditgs mac%?ﬁaﬁfssscgre gn%})}éoni_:ﬂea[rhe

transpl antati on | ogous tation or
t r eat nent !of MnﬁiMNa}@;laoato tdlgsocreﬂee@,ressug EXERAMThtseplipedifie horaulangrge
non- Hodgki n' s k an be uapd al one qr in_conbination

wi th ot her agen?s us%’assi”é Ceqsitﬁﬁhg B?q nEatitGresposmsipcd effectorrgd uch as

G CSF and/ or ﬂﬂaﬁ%suc‘ﬁfw@hagoaytwmﬂwcmb@désﬂﬁgtel1stmbb(ﬂv@@gdd@m Qnovi des a
net hod of sti nul.at on of CD34+ stemcells from bone marrow to

ng nobiliza
peri pheral bl'8% atF‘i\ 380‘3’86‘[yeLﬂDé‘%%%V‘%?%lfa%ﬁW@?W AdHrapddeaniang to the
Subj ect an ant - OXERoaRid AaKr 0fs AR, AYPUNIHM UGG DR Bl | 2at i on of

CD34+ stemcells frombone marrow to peri pheral Is stinulated. The
met hod caff f uP¥ Héqec'&éﬁb? msleculs ed) fugberiingndepaid sirding eekifisity, ioadddemitpher al

bl ood, such a5 bl SRRYESL 094 .31 ECRS AEABRAK ANt 31 Lon The

present disclosure is f I"Tustrate ow’'ng exanpl es, which
shoul d not beenehodgnany el thisd binding epecificity tsmmgmﬂéhi&tncmntner’atmr EF)abhichj gur es

I L EL T O S AT T AL
EXAMPLES thereby increases the immune response against the target cell. The "anti-enhancement
25 factor portion” can be an antibody, functional antibody fragment or a ligand that binds to
a given molecule, e.g, an antigen or a receptor, and thereby results in an enhancement of
the effect of the binding determinanis for the Fc receptor or target cell antigen. The
"anti-enhancement factor portion” can bind an Fc receptor or a target cell antigen.
Alternatively, the anti-enhancement factor portion can bind to an entity that is different
30 from the entity to which the first and second binding specificities bind. For example, the
anti-enhancement factor portion can bind a cytotoxic T-cell (e.g. via CD2, CD3, CDS,
CD28, CD4, CD40, ICAM-1 or other immune cell that results in an increased immune

response against the target cell),
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Exanpl e 1: Ceneration of Human Monocl onal Anti bodi es Agai nst 25 CXCR4
Anti - CXCR4 human nonocl onal anti bodi es were generated using a conbination
approach in which, first, mce expressing human anti body genes were

i mmuni zed to raise in the mce a repertoire of human i mmunogl obul i ns
specific for human CXCR4 and then, second, a human anti body |ibrary was
prepared from spleen cells.of the.mce 30 and displayed on phage such that
Phe’ phage wer e ¢ hahoReCT RS S SR e Blsaotst OuRBeBt i e CoF PR Epter f1 iy
for CXCR4. Thiisdigpospbiingtyi 4 Neadtpk @Mty Sor @8 BRILARY FraghRs e tHeRE ihdludihgS.
Application No. 2003009;9?5Ib Buechl er ei al. Antigen R1610 cells (a
Chi nese Hanstéef AG3E f@Bh FlaPinmEY. fss 14b Aot Pyelaeleet Foetha sty mayilsopep, et

al . (1976) Cenghi GRir®3 hiR{-chFAMiNET & oh ARSHACESE M hbraREX R £BSLON vect or
encodi ng the full-l1ength"human CXCR4 protein such that the protein was

expr essed Son sBughrechginrcpatmicions desvaibedkin|$S. Datandtiont, o5t 178ite batinkostd ohe t he CXCR4

cDNA was used. ] - i i S prepared as described in

M r zabekov, %.Ohgg?trs gr ﬁ?ﬁ&g%@eg% Mg‘?rg?'ra%ﬂ\g?ﬁ&gﬁ%f 28745-28750. To enhance

t he i mmunogeni ci t yn ofe dnibedoent, she hitbnge ekt Scivyefoe arc Batreapinir ishprvvi dedi yraophenol
TNP), by incubation with a eous so]ution of trinitrobenzenesul fonic

St (M 38 TRpheRd RSl e PETEE £y B f nsSPlobedlh e s ot O

#P2297) . Mor gigpeqishiaicon, e 6l A8GG&ch®rvefets MASNSIhOAER Wihkid Sharil e

PBS, incubated with 50 pl of the commercial 5% TNBS sol ution for one hour
in the ddifk decaredmchenmseerag Ur Ehespdencherrodas e of hrebe tansreemipneprPBS. The

osult ant, T g o FUET 4 S 53%, 0 ENEI RSO Rt gl o0 oo

for immunizati on. coat ed,

washed cel | s (Cbéx), EQRINEDES) am] SRUOAIPI6) 1 Bodne RRrddérraadinbvamient, MeaRy r ecei ved
si x doses of the inmmunogen over tine. Transgenic Transchronosom ¢ KM
Mouse(r) Str dfsepioFahepamiighpiininbeiRdnahe impandoaRbls 2178 kBXCRAcomtsr whigh epar ed

by initially j LiZ L #ag: - A g t eni ¢ transchronoson c m ce,
whi ch expr esssgéwg@%hn@ﬁ”%%i"ﬁ%@%@ﬁgﬁgI n{fﬁfg' nouse strain, the
endogenous nouse Kappadidtghkrndtlaratiegenenhvdserbeepcfronbaygbashynodiossiupt ed as
described in en.c/at, (199 2: 811 t he enoys nouse
heavy chain ga%be‘adﬁeésar deeé?l”% %?ﬂ)z gg‘lﬁbiﬁcii}' J‘é’@@(@@%i"%%?@?ﬁ%g&' I]H% Exanpl e |

of PCT Publ i ciasia@n7 WFHEEQAD A8 The tAstdidg® bNahikl aretflitySinémpiE e by adfdterar ri es a
human kappa | ight chain transgene as described_in 25 Fishwld et al

. , KCo5 (
(1996) Nat ur &"¢Eibt BEHmatBe cstangesn gpriopeoh §orR slsvR Bt Brid The sigcegipch
t ranschr onos - Whi i8Sy V, {0 ) cri bed
S e R e e R R ST L e
U. S. ApplaocatsulamnNelly R0HOIDBRR A3 eveBOdfVE G mBpett frcadnti cityR [ antibodies usefubie ful |y

human nonocl onal,. anti bodi e #oﬁé“fX%, m ce of 6tghe KM Mous éré strain were
i muni zed wi t' SE&%%H%@F I”Eﬁa’( 2 _ Pets BELL Y- @ﬁ?r_ Sgd Wéfﬁaﬁ‘ ©Rypida@awi t h TNP
(as descri begrahove nfAy 32 Bavanble 980 the BBRAEA T RNLZaJIoN pCheaes for the
rai sing human antibodies in mce strains carrying human anti body genes are
descri bed i n Accession No. HB9469. In other embodiments, the anti-Fcy receptor antibody is a
humanized form of monocional antibody 22 (H22). The production and characterization
25  of the H22 antibody 1s described in Graziano, R.F. et al. (1995).) /mmunol 155 (10):
4996-5002 and PCT Publication WO 94/10332 to Tempest et al . The H22 antibady
producing cell line was deposited at the American Type Culture Collection under the
designation HA022CL1 and has the accession no. CRL 11177,
x In still other preferred embodiments, the binding specificity for an Fc receptor is
30 provided by an antibody that binds to a human IgA receptor, e.g., an Fc-alpha receptor
(FcaR1 (CD89)), the binding of which is preferably not blocked by human

immunoglobulin A (IgA) The term "IgA receptor” is intended to include the gene

product of one a-gene (FeeRI) located on chromosome 19. This gene is known to
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Lonberg, N. et 01(1994) Mthee 368(6474): 856-859; Fishwild, D. et al.
(1996) Nature Biotechnology 14: 845-851 and PCT Publication WO 98/ 24884 The
mce were 6-16 weeks of age upon the first infusion of antigen. KM m ce
were imunized with antigen in R bi adjuvant either intraperitonealy 5(1P),
subcut aneously (Sc) or via footpad (FP), followed by 3-21 days IP, Sc or FP
rei nmuni zation (for a total of 6 immnizations) with the antigen in R bi

adj uvant . Theerwdutreeirbyisonyecneplicabminsoradiapy isofrmeof it &l 0 bDeeElsleThe

(pilgfgﬁsmﬁ?lt?%@?}? %“pgﬁtiéﬁ ﬁtx%ﬁlsseg%amonpfy?mﬁ «rgggﬁssl o EEH]'?' nt tlters

of anti - CXCRAnutriapifili ¢ gﬁﬂﬁl@g@és@bﬂ|nbfbdhﬁ:rneeﬂé5t6dceﬂIQfopﬂlQh@fSVﬁﬁRmﬁs sRbANS.
Preparation of Phage D spl q L| bragx and Screening for Anti-CXCR4
bt Shdeh

Anti bodi es  affinity ééHsMh \7:] prshigt\Rewhinimisniczendedinoe exsereitbed above

were used to I e e si t i bod heav
and |ight %:ha?sﬁékqn SBQ%%?S glégl%i’ @:(/lalbllsg (%ﬁa'f %ﬁ : 2 ngeg{ﬂ'a jmem FYOm T g
spl eens, cDNAimmmmg@pamemm)o I?btn’ri&:aRNépah‘d eHBaRnaRhLiiRAdY, Méiﬁllf'@@laﬁAf egi on

cDNA was speC|f|caIIya ified PCR, essentially as described in U.S.
Patent Appl i catP-di?2 2@6@%‘9\1@9@@93@3&%&%@6 tb¢ kA Hgsad binginadgmein. yean

anti body varighl&.d89 I on vectors, again
essentially as degé}rl% @f%n\f@% fs\(“ogat e%gég‘bjp{}?%g?{fggé %%%009 1995 by
Buechl er el 20al . FredlphdgeRdesprayrrdd thgger yecomsrssonaenete biggecificor ar y

menbers hayin ff| ni f.or 4 by nni th human CXCR4 i ncor por at ed
into rragnqui C%BE&! &0 ?tlt%égﬁﬂﬁ?r%@ﬁﬁ ”ﬁ?ﬁlﬁe pé“é‘%@p?ﬁ BREDY ORERE, or ot her
seven transmeatdcaneel(s/d M) mores Rk IMING, em&mphggéR&)d de‘ﬁuﬁd’b deha éz)téisreﬁ@a hve
conformati on of LF’ e 7TM recegq@ew i s mai ntained, have been describ

previously (sH&"EVEs (g4 39%h 0 pgr cell); (%)1medcwe@wwpwcagasieé&ce&hno|

18: 649- 654; * BADEOCKinouGorlosi 130N 1 ks Bbuncellen 2106 @

Publ i cati on WO 01/ 595 5)403@ %gt en'ga Appl ?Cgat ﬁt(r)%n% I 1%%3%%5% iﬁ?h brief,
recombi nant huEANCxXERantigees tacgﬁmddpﬁ@dl an epitope tag was sol ublized from a
transfect ed CXCRA-GKRI R5SI Ik [ e P20 and the
protein was capturegkpe(r)n néng%ng)glo Q)sd\%/!h'ﬁg t ethréecfj %‘ ag’fg%dle '$Thieg be

menbr ane was @@rlexﬁdnlsthetbupecdﬁdmoiemgesrcﬁ”mvanlscloa‘urcthend]ehercgermhp asdich that the
native nmenbr ne confor mat | was nai ntained, to create the

CXCR4- MPLs. Thr &e rour?H%CI%?api‘)'ﬁ’r?ﬂ%ﬁsg of the phage display library on the

CXCR4- MPLs | ed tOﬁe%&pé@mdnleﬁéuimwpr@sfenl@mml@'cﬂld%§re§e§ecﬂ§¥mar ed to
background. Vari abl e L?e on fr% nts of interest were recloned into a Fab

expressi on vetBiEaYid SHEEN PRI SBEF s g e artbl HhipnfgpntidaX (k4
transfectmd (X&Rdg Pepiresied, ﬂgng%.lelh%ds MRQEn %tahb%}% gﬁr&ch ﬁra.n ener at ed

fromthe Fabs using standard nol ecul ar bi ol ogy techni | ones F7,
F9, DI and EXPfrbalyselitescdyangeifigmofqsileisar bagrakyptsd sepabmsia mpl réerzcon&s,macttmral

Char act er | 2214 @Gl IR 0% haXCROTMPROSL Rl ATLLANGL 85,7y of9, DI and

E2 The cDNA sequences en ng t I'gh °n vari abl e
regions of t HeupEmg gFgrosplinkingiagents Eabbaiseh &y co@ﬂﬂnacm@wgafmmrﬂmhm@e ofli spl ay

library screenidg,as.qes qu %16 re sequ i ng standard
DNA sequenci ng t ecﬁ'%fé g ’ g rglﬁuc@er%‘{bog"m'dmﬁ\"éﬂ%cﬁ% géfgageééuences of the
heavy chain vthltoacacltﬂte(SrPe"gx)oﬁs ‘afithfebisga-eirsb@mbic keid oW, A and in SEQ | D NO
33 and 25, re%Q ¢l g Y
nytenedimal€imide (o0PDM), N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP),
and sulfosuccmamldyt 4-(N-maletmidomethyl) cyclohaxane-1-carboxylate (sulfo-
SMCC) (see e.g., Karpovsky et al. (1984) /. Exp. Med. 160:1686; Liu, MA ¢f al (1985)
" Proc. Naid, Acad. Sci. USA 82:8648). Other methods include those described in Paulus
30 (i985) Behring Ins. Mitt. No. 78, 118-132; Brennan ef a/. (1985) Science 229:81-83, and
Glennie ef al. (1987) J. Immunol. 139: 2367-2375). Preferred conjugating agents are

SATA and sulfo-SMCC, both available from Pierce Chemical Co. {Rockford, IL),
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The nucl eoti de and ami no acid sequences of the light chain variable region
of F7 are shown in Figure 1B and in SEQ ID NO 37 and 29, respectively.
Conpari son of the F7 heavy chain i mmunogl obulin sequence to the known
15human germ i ne i munogl obul i n heavy chai n sequences denonstrated that the
F7 heavy chain utilizes a Vu segnent from human germine VH 3-48, a D
segnent fromthe e ine 4- 23 and a JH segrre t from hupan gernline
JH 6B. Further an%%ﬁ IPHEPLEHCNES are apihpdise dheYR BE EHUNEREEAT? syst em of
CDR regi on deyhylirjidbhdRg bﬁﬂe CQCM@Sdﬂgeﬂ%aéﬂsWI}ﬁfth'ﬂ@av@%ﬁz\ﬂs ghai n CDRI,
CDR2 and CD3 regdgions as shown in Figure A 20and in SEQID NGs: 1, 5 and 9,
respect i vel y. particularly peehtisdembediment, thediney rigieis medidied ta santaod elsul i n
sequence to the.kngun r ht chai n sequences
denonstrated t atfB thelﬂwp)f}?%s%ﬁ'em ge?%aﬂmpggéﬂggwngfls“ggrrent from human
germine MK LI5S aﬁdtemaﬂ%lg@gﬁﬂmdurﬁgspm;lﬁunasmagéb Bi\dodei Lihl(hels.?tnEu'IEetthleahdanal ysi s
of the F7 V. se uence, é,ISSI rl{qcf he syshe of { 25reg| %Md terhm nation
led to the déTPHEEE O THe" |gsr§{ne Cﬁ‘ methedyyp 3 Wa1hsis  as
shown in Fi guhebidi@cdiogndlqulitn hﬂbl\iOﬁAb,erAbkTa&lmb&]F(ab‘ﬁﬁpﬁghﬁ‘iU‘oﬁ(ﬂay

The nucl eoti de .and am no, aci equences of the heavy chain variable region
of F9 are shdWiOt POyt RISpSA! Fks Pe i MR B spigle ghaiaenlsarisel y

The nucl eot i dgnAsin@Pid1On AL SRAVRNCAS 2 OfnaliaiclhGRtniChal dhovad@bl e region
of F9 30are shown in Figure 2B and in SEQ ID "NO 38 and 30, respectively.
Conpar i sot ofb'&Pﬁ@ﬁFQ‘O!féldWO'@h%imﬁ terhinslonecitsaaminants e B iseerefis molegies ayown human
gerniine i mmyn I the F9
heavy chai n ut ﬁgl %Agléagtﬁg%\%lﬁ%ﬂfﬁh r%%ﬂﬁg@g&o&’s Pr%éi{@ﬁ%%gg@ a D segnent
fromthe hunmﬂecgu@rsr'nadwecrzbeQB:;reamblamHU.Ssmmmmmmzhﬁm Sgesebdne JH 6B.

rogi on dot er 1A Ton o1 e 0o (RS TE T HGAET off ot e Reby nenSebal, | coRe

and CD3 regl mﬁs«haﬁa SEMEs$I N infcbPuraedbveanisl deferdic® | D NOs: 2, 6 and 10,
respecti v IHjIr| son of the F9 Ilﬁht chai n i_mmunog IobuI| sequence to
the known human g?ﬂ el hRERTEEE SIRCHISS 19 1T S%HQFﬁT%%%ﬁéé%“fH@ﬁ%Hbtrat ed

that the F9 Ifbgékhmsnamymm1hke?da§1nﬂm¥4ﬂr§e%9£§§§i(5iﬁm ﬁummg%a@aay@ﬁ AYK L15
and a JK segnent from human germ ine J rther anal ysis of the F9 V.

sequence usi A Gheaksbatioassaytie srondpRhibdiinger fesiermilaatsson Bagkofthesehe
del i neation Qfg, QP%nle}agghe@a@lh@g%cE ofprQQﬁ?arf%'Bgd p]'&'é?&‘ RRRuRA? shown in

Figure 2B and 1 h and respect |ve
nucl eot i de an@eamm@ﬂmmy@gyelqb@wdé%eoh‘(é’%’h@ﬂ h@tmyy)cslnamfﬁn Kparheacbtneleﬁ e@l on of

'[Iglheailﬁclsr(;%\tmln 'I(‘atié'raergltdgrldr 8{aﬁfb\lealn’ Flglg aﬁgbﬁl%éj Qom ef“ﬁ; C‘"'T Qdﬂ%edé#ues;s 56€Ct I“\ég: )é regi on
of DI are shwymenluﬁaeglamﬁm’dﬁoammbdy ﬁ%@nehDvN@ﬁ re:BSgrfmd a&ilspeaﬁsﬂefdatmd\sm y.
15Conpari son th anttitggdyDll:c coar'r\ll exes aAPerLQE‘é@O% g{t))rlnjll)llepesign c?e(t:eectetd%SItnEEn knfovvn

a variety of other immunoassays. For example, the antibody can be radioactively

labeled and used in a radioimmunoassay (RIA) (see, for example, Weintraub, B,

25 Principles of Radioimmunoassays, Seventh Training Course on Radioligand Assay
Techniques, The Endocrine Society, March, 1986, which is incorporated by reference
herein). The radioactive isotope can be detected by such means as the use of aycounter

or a scintillation counter or by autoradiography.

30  Pharmaceutical Compositions

In another aspect, the present disclosure provides a composition, e.g., a
pharmaceutical composition, containing one or a combination of monoclonal antibodies,

or antigen-binding portion(s) thereof, of the present disclosure, formulated together with
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human germ i ne i mmunogl obul i n heavy chain sequences denonstrated that the
DI heavy chain utilizes a Vu segnent from human germline Vn 3-48, a D
segnent fromthe human germine 4-23, and a JH segnent from hunman gernm i ne
JH 6B. Further analysis of the DI Vu sequence using the Kabat system of CDR
region determnation led to the 20delineation of the heavy chain CDR I,

CDR2 and CD3 regl ons as shown in Figure 3A and in SEQ ID NGs: 3, 7 and 11,
respecti vel y. a pharmacagt pphlarecsspnblfcatrize $ich Icplgmsitushamymm’mdnogé obul i n
sequence to t rmin n I| ht .chai n_sequences
denonst r at ed ?ﬁgt&ﬂﬁ@ﬁfg g ' qw%t% (%:d}?éei (ﬁffﬁt ?'ﬁggglgs [ I MOWOCOUYEYS 8 human
germ ine VK Lbiiﬁecé('n:dnaechléssnégnsea‘licidsnmmFoQ&amprmmplg:emﬁrdeuneﬂ ddsnpositiol ot her

anal ysi s of t“} (gl sequence usi n t he Kabat tem of CDR region

det er ni nati on"T% cﬂ%“”ieﬁén HATRTHEALCPD '“?thont an OQH’P CAEMHNEBRUBIETPR2 and CD3
regi ons ass shemgecifesthawi 138t bfoplQn (R Nt antRen d%haNEv23,

respectively. The nucl eotide and am no acid sequences of the heavy
chai n vari abl XPRIGPIRTBRCEMISEr e shown i n Figure 4A and in SEQ ID NO 36 and
28, respectively SEAYEN e light
chain variabl e reglla%;rllngceﬂ%gli %ﬂdogﬁgﬁbqlnﬁ ?g?ﬁ]gé ajsé) (%%E%rfidljnm 40 and
32, respecti veqr@bm?@@rrplmrapson: .sbmbined #2h thawapeataror exmmpiraprgh obubihnicgequence

to the known uman e 1 nmanogl obuli.n_heavy in se uen
denonstrat ed. ?‘hai’ the {ggé r¥H’e“‘a'i/' ai ot T ZesPE “@t\“ﬁ%"é‘gg '(‘j??h”n‘t]ﬁhn
germine WI BRa#A8pe ahED as&gnff&ahimaftdsf@m tdneummfﬁmesg@lt B ein D) EExdmples oﬂﬂh@raﬁe ikl

segnent from hu her anal ysis .of the E2 V| sequence
usi ng the Kab3® n@)}?? cf’fusffbﬂ e i“ﬁ’n"r&%?réﬁ’)fﬁrﬁgfﬁcﬁwdl’ééifef‘@‘" gt brd Heat i on
of the heavy mlaatdﬂoﬁ:mbsesGﬂﬁgaﬁﬂﬁd@%ﬁhﬂgﬂr&%uﬁs ShOVVn in Figure 4A 5and in
SEQ ID NGs: 4, 8 and 12 respectlv arison of the E2 |ight
chai n i nmunogl obul #hUss@hereiRc @h {‘TB‘EF%CN}YGWPFPWMUQ% ntipdes anyardalgl obul i n

light chain seauaRC&SARsMNatL bR, qﬁabauaﬁal%%d Lmtqﬂﬁgrapgg%h{a Hétb.‘.l:%;? a Vv,

segnent from human gerrn ine VK M5 and segnent uhan i ne JK
| . Furt hetd angisgpiien deiayingeagems \ind th?e!dfgém:@embymrgjogltrélylﬁatmaantﬁysﬂrefmabry CDR

10 det t f the | ht ch
CDSQI ﬁg Cgse{hg]cla'g%ﬂsl?g%lagg f!)rmgr{'v%ﬁgu% m@%ﬁ‘ﬁlcgga(s)ubcugﬁau%% Craf'i1 sgm o) and

24, respecti vejmjermal administAnanh (esg. sbydijed:thxa or § relinaRon) r bemqmgr@a@& rehtebhe Vu and

VI. regions of F7 and E2, a _co d.to the errnllnes uences
from V\gl ch t he g ”%’OBEE? @cé'éfe C?'H%W?*f") G’é’gyd[ﬁ'é“”fjf’ BT DARPRGE (gm d

resi dues t hat mdieéfigmes trcomdmrathiteed gabicaitRe dohdaBNOfém LR REbINERIGE N the
N-term naiqrefggsongof the V11 and VI _ segnents were chosen for "back-
0

nut ati on Batt”ﬁbcof“fj‘é‘ﬁﬁ%\k@?‘l&“f‘ryég"icﬂt’l@e ths comeoyér M i ne sequence,

because these nongmfmhifRcdu@sdiABRFolnds bNGisNiskRSME: ARl i RALE LRNMREE encoded
by the priners used to create the phage display |ibraries described in

Exampl e 1. | rPheEPacF@tmiy accemeble ﬁlquow"n@ﬂrmﬁ@num@d apespBlestitt B rsvblaant VI
segnment s of RRat rE@ins e d@:ﬂgzdlg?ok(g’l t:vﬁ of Ogﬁent%wﬁg&'ﬁ%d dgeg E%ﬁ&@m ' ne)

were created usi ng st andard nol ecu 10 tec ues to su ute the
germ i ne ani noyaoigirekokgoosist! dfhes (Sncje gaBextefS Bimewor k opost Phon. GG VH:

QLE, BE ﬁ7G‘§§w€19)AlEQam§§sQof such salts include acid addition salts and base addition salts.

Actd addition salts include those derived from nontoxic inorganic acids, such as
hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydroiodic, phosphorous and the
like, as well as from nontoxic organic acids such as aliphatic mono- and dicarboxylic
acids, phenyl-substituted alkanoic acids, hydroxy alkanoic acids, aromatic acids,

30 ahphatic and aromatic sulfonic acids and the like. Base addition salts include those
dertved from alkaline earth metals, such as sodium, potassium, magnesium, calcium and

the like, as well as from nontoxic organic amines, such as N,N"-
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25 FOGL Vu: QLE, QBE F9GL Vk: E1D, V3Q L4M DI GL VH QE 30D1GL Vk: V1D,

VBQ VAM E2GLQBE E2GL Vk: E1D, V3Q L4M Figure 5A shows the
alignment of the F7 (SEQ ID NG 25) and F7GL (SEQ ID NO 41) heavy chain
vari abl e am no acid sequences with the germine VI., 3-48 encoded am no

aci d sequence (SEQ I D NO 49). The CDR1l, CDR2 and CDR3 regions are

5del i neat ed. ur e t he. ali nrrent of the E7 (S | D NO
20y and FraL ey keSS -G Rl T DR B it H B LB BHEes Wi t b
the gernline e%idne&:aﬁ:ren]ﬁﬁdﬁ!ﬁh adignoikaci d sequence (SEQ JD NO 50) The CDR
|, CDR2 and CDR3 re ons are delineat e% 10Fi gure 6A shows the alignment of
the F9 (SEQ I D NOA %@Im%’?ﬂ“‘fﬂ begmROHEy P hNd‘SCEPZWeﬁ%?aWYé‘PFéLM? avariabl e am no

a1 4 sequencgaisdein il eEh B ukidin S RRALSH pRFLIGuASI spsgerCe [ SEO

I D NO 49) regi ons are del i neated ure 6B shows
the al i gnientanBexigans iIpdudesEQ)wamrNoublge)ticudinFOEeh (SEQIP D AEBNGsicsB) | | ght

hai n vari abI t r Ll5, epcoded amnm no

e sequencd o UBIBE bt SURRESS A e U METThMAS Mt HAnENGOES

del i neat ed. oil-soluble &ﬁt:ngdaents?éuchkwms:otﬁyépaiimtgﬂntmmated h)tdn@cyﬁ)hasc(lsmmp NO ﬁ?)
d DI L 4 he chai var| oaC|dee S Wt

? Re germ i ne%g'at%d %gf%wg%‘be@a?%%“aﬂﬁcwﬁ“%w E\fen?c?g E@ef%%l% e4@‘)a The

CDR |, CDR2 amd (Qamalrcaghtmagame st dsnaat gdd, et %ienedlamﬁb@dﬂfa@ceaBaﬁﬂom t he

al i gnrrent of the DI | D NG, 31) and D GL ID NO 47) light chain

vari abl e Bni rfEDg&)dog’éﬁhé*‘r'i'@Eéa%iﬂ’?“iﬁh@“@é‘%’%al‘ gevke. | 15 encoded ami no acid

sequence (SEQ ID 03 of shiifhl GRRA o e SRR 5@94 m lj,neat ed.
Figure BA Shows , e g?lrfeﬁtéb S s e rodisq cctdp b S PR gE‘é'r‘é‘ff?&’s,E(;) I D

NO. 44) heavyh@mrnaqs%atnﬁahmnamalrﬁpmofahls d}sg}ew@me@de vmeh ethheo!gmimls (mehV |
5 encoded 1Rl SRS S SOMLIR 50 e S PR R P
NGO 32) and ERdétof( \SEQablPoils, such as olive oil, and injectable organic esters, such as ethyl
15 oleate. Proper fluidity can be maintained, for example, by the use of coating materials,
such as lecithin, by the maintenance of the required particle size in the case of
dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of presence of

20 microorganisms may be ensured both by sterilization procedures, supra, and by the
inclusion of various antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include
Isotonic agents, such as sugars, sodium chloride, and the like into the compositions. In
addition, prolonged absorption of the injectable pharmaceutical form may be brought

25  about by the inclusion of agents which detay absorption such as aluminum monostearate
and gelatin.

Pharmaceutically acceptable carriers include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersion. The use of such media and agents for pharmaceutically active

30 substances is known in the art. Except insofar as any conventional media or agent is
incompatible with the active compound, use thereof in the pharmaceutical compositions
of this disclosure is contemplated. Supplementary active compounds can also be

incorporated into the compositions.
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NO 48) light chain variable am no acid sequences wth the germ ine VK L1

5 encoded am no acid sequence (SEQ ID NO 50). The CDR I , CDR2 and CDR3
regi ons are delineated. The F7, F9, DI and E2 Fab fragnents are
converted to full-length antibodi es using standard reconbi nant DNA

techni ques. For exanple, DNA encoding the VH and VK regions of one of the
Fab fragnents can be cloned into an expression vector that carries the
heavy and |ight chiPSRPedtstoaiposiperitpreallyurdst bserle vl siabtd urideethe egi ons ar e
5operatively Lida eg rnatiyel epar at e
vectors can be u?%s%ﬁ&@gﬁggé}tﬁérg © tgflr}llgia?nﬁijﬁtfogr%?hé ﬁ’gnégl?/te@ﬁg?n and the
full -1ength | bgwiongmaireemulioon, lipesotieny oxanmaees sofchex prigbRite high @a{m0r S
suitabl e for %%Eer;t%ﬁ 5efl;[eic@| -full-length agti bodi es i ncl ude the OE vectors
described i n EPEE M BEINNTARRIT S GGHONG™ % G5BEYSR BG4 VR coplaiing, for

Exanpl e 3:5 Bi edimpl:, Gaer,atiasl 51y $foptxaipld, g GX&RA prigprRit Moo chonalid

10Ant i bodi es | [ | n tth L;xarr_El e, binding characteristics of the

ant i - CXCR4 anPBob'ene ghsrb and ki keaandysurabisunpgurentbereyt. The proper fthditanan T
cel | 1ine CEMec ihinfihe@XBF SSHBR, Pt i UM GXERA A i ivkS b$ Ble [AGe, was
used to examne the abilit ﬁl‘c%f _?}ﬁe F7, F9, B%%andasE iegh‘f F%% imélzﬁ%ngﬁ‘%i nd to
15native, cel PLtbgfenpises W@é&.‘zem!he—cﬂ@nﬁlﬂhpﬁﬂon F9] byDhe asechf B2 favene. Ini t r at ed
in a 1:3 seriahydibut i R BEELRS b GG NG doll BoSONGENLE LI On. range from
300 nMto 5 pM The anti bodF es vvertg #hbedﬁ '‘%1}&)?'e“d“b\‘ivlgt KCEM"EE 1"6%&nd al | owed
to bi nd b&} oreolysdéohglsdethes trednitel t JortatoF o @daon phigadedd tarbinpbyingn | gG
secondary antj cel were then anal yzed by fluyorescent cytonetry.
The resul ti ngj)%@g%e%%Bg%?{e&gncéeﬁn}&eemieﬁttaélﬁ§i’tpPcészf‘0}31{‘? éa”sﬁ?d%mfaﬂhﬂbt%bby DeuGpdaph of
Figure 9, whiohhdempositivatresetitait dalals £b0cHpti 6 ForeaGRd. AddsRadieasishipd to
CEM cell's. The EC50 for binding F7, F9, D1 and E2 were 21 nM 14 nM 80 nM
and 290 nM r%eé detivel y. To determne the ability of a panel of
anti - CXCR4 ant i bodit@e tngc@ORRELEohan BE BAbAEd b9, inC tion studies
were perforned. The f ounfrt)3 human anti.-rcl:x 4b2_5an)?linbog§§tsméi:ﬂ9};gp(§§l,e E2 and D
vere used!? al GTPORRd i thegigautsd #merrsiimpt gppacpaialesblventrwith ave ome notbiosiah of
anti - CXCR4 ant, b h@di€ Snilites 5608, - 7175 R&D.Syst ens | 0og #s:

MABI 70, NABl?l‘?’ VABI 72 anﬁﬁdl\ﬁﬁ\élgﬁf @g*sf%dggot'%o\% o %Q‘Fﬁ%ﬁ%"nrt“‘ci“l R4A

ant i bodi es wepenetallyr dispschiang am piepBreg by iiorpdrdting temcer doemotebidiota sRgild N a

concentratio fram nM.1o. 5 pMin th resence of a gonstant
concentrat i onmeg?&%ﬁall&"ﬁgﬂﬂg?gﬁ]Can?ﬁefm@d?ﬁéma cﬁth?beﬂﬂvecﬁ@}.‘ermeqﬁ'&%%ﬁ?r% of
anti bodi es waboschenmerdidébdve. GEM cak bbstaiepaldedee tHeQrdphiflon Jingerdbi | i ty of

each antihody to compete with F9 for binding tg CEM cells was assessed by
f1uor esce%t d%‘&fﬁ@? ?@“%%%%P@EFF% Rrededstpecramien peyatueryinsard freeze-

fluorescent idiiegeisihilizasoraiign sia _dwaext&the{cap@ingfediéh%}lﬁsean}%dsw@ria’?h
denonstr at eseot hat .al | .seven antibodi es _exam ned (F7, EZ, DI; 1205, 708, 716

and 717) wer &°HH9dNg8eS M08 PTG P ESerH erfiltpred @pingent bereEM cel |'s, al t hough

the E2 antibody ofmhyadgimRupidat adRnt dikh LNk ARe BhnliafipaneRYt rati ons
conpared to the other antibodies.” 5In another set of experinents, the

ability of tHePwAusHRFinal diseas foon alleary depending didnfter ehjeceing thdardsandas
e 21, A TEAE R 1 Yo SR (A
i ncubat ed wi tchmb®@d O0h eskirisr materidiio giodgreastatsedadeyodl OW gyt@NEbd thar The
CB:;T(BC)I; 4V?‘rl)|l"gcﬁ‘:a§1§)u}éfozIhdeectO%rpggitr?(?ndWhi\éW]iar%Qucjeg 9 ith%raé;[pgusticaé ecr;tq)gegeaftal?}!,%uthogvc\)lnga ny
. hundred per cent, this amount will range from about 0.01 per cent to about ninety-nine
percent of active ingredient, preferably from about 0.1 per cent to about 70 per cent,
30 most preferably from about 1 per cent to about 30 per cent of active ingredient in

combination with a pharmaceutically acceptable carrier,
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10present on each cell. Based on the binding curves, an EC50 for antibody
bi ndi ng was determ ned, the results of which are sumari zed bel ow i n Tabl e
|: Table 1. FACS Titration Results for mAb F7 Binding to Different Cell
Lines Cell Type ECso (lig/nil) Bmax Ranpbs 0.48 106,000 Raji 0.34 52,536
Namal wa 1.57 116,000 L540 3.69 31,868 DM579 3.99 . 24,587 NMDA-MB-231 9. 24
14, 186

Dosage regimens are adjusted to provide the optimum desired response (e.g, a
therapeutic response). For example, a single bolus may be administered, several divided
doses may be administered over time or the dose may be proportionally reduced or
increased as indicated by the exigencies of the therapeutic situation. 1t is especially

5  advantageous to formulate parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form as used herein refers to
physically discrete units suited as unitary dosages for the subjects to be treated; each unit
contains a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The

10 specification for the dosage unit forms of this disclosure are dictated by and directly

dependent on (a) the unique characteristics of the active compound and the particular

therapeutic effect to be achieved, and (b) the limitations inherent in the art of
compounding such an active compound for the treatment of sensitivity in individuals.

For administration of the antibody, the dosage ranges from about 0.0001 to 100

15 mg/kg, and more usually 0.01 to 5 mg/kg, of the host body weight. For example
dosages can be 0.3 mg/kg body weight, | mg/kg body weight, 3 mg/kg body weight, 5
mg/kg body weight or 10 mg/kg body weight or within the range of 1-10 mg/kg. An
exemplary treatment regime entails admimstration once per week, once every two
weeks, once every three weeks, once every four weeks, once a month, once every 3

20 months or once every three to 6 months. Preferred dosage regimens for an anti-CXCR4
antibody of this disclosure include | mg/kg body weight or 3 mg/kg body weight via
intravenous administration, with the antibody being given using one of the following
dosing schedules: (i) every four weeks for six dosages, then every three months; (ii)
every three weeks; (1) 3 mg/kg body weight once followed by 1 mg/kg body weight

25 every three weeks.

In some methods, two or more monoclonal antibodies with different binding
specificities are administered simultaneously, in which case the dosage of each antibody
administered falls within the ranges indicated. Antibody is usually administered on
multiple occasions. Intervals between single dosages can be, for example, weekly,

30 monthly, every three monthgs or yearly. Intervals can also be irregular as indicated by
measuring blood levels of antibody to the targel antigen in the patient. In some methods,
dosage is adjusted to achieve a plasma antibody concentration of about 1-1000 pg /m]

and in some methods about 25-300 pg /ml.
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Bmax = maxi mum binding (GWFl units) 15 The results show that F7 mAb is
capabl e of binding effectively to each of the six cell lines tested, with
the | owest EC50s observed with the Ranps and Raji cell lines. These data

al so show that the expression of CXCR4 receptor is highest for Ranps and
Namal wa cells and | owest for MDA-MB-231 cells and DVb79 cells. 20l n another
bi ndi ng experinent, the ability of the F7 mAb to bind to different subsets
of human peri pher al!tasnasyely rastibprlycias he adraipisteradpBRISEYA) s cksrea fo et obLiman
PBMCs were isgj; : [ r el Lul ar subsets were
i sol ated by Fﬁiégﬂ e%ﬁb%saﬁ%(ﬁ%ﬂlaagﬁ’ﬂﬁagg?%lr?‘ﬁ’\?\r/ieﬁ'gbégﬂlg?%fdaf?quﬁr&é? 9 were

i sol ated: (i)degDBing ¢n thy haDEGHof the antipodgid tHetpatend Ini geper@Dhiddan, ankb@ides

cytonetry expgrinents con with the F7 t 2533 . pg/m ).
denonst r at ed Stﬁ\évgﬁ g %Egﬁfghaﬂﬂbe’agi OV Bﬁé{m"@ﬂ%‘?ﬂ%ﬂﬁﬁéﬂ@% g ?W}'@P%/efb g"bach of
the four subseinumasawibogies. ethedosags andsiqupy BREENBAIERM ARk dRadY .
Exanpl e 4: |nhi b%tl or}' of SDF-1 Binding to CXCR4 by Anti-CXCR4 Anti bodi es

To det er mi ne PhEMELRAT ther{patstent Merophy pcieretierapgiien (AR hdeiegrplsaiionidi t t he

bi ndi ng of SDEhalivdIP1dXiR4ee iR a@RTRE A Al ENGYF RS REEL D g
1251-1 abel ed SDF- 1?and ) y Icgl I's, which rﬁat ’gr alréll(\@ netxpr esgg%g(&a%l.é’q%md
conpari son ofofdite STXCRiens soMtoe Fesca e tratvedor frg tBDES of bindiesg It o CEM cel | s

was perfor ”EQhQ'){pe%_t@Emgﬁfﬂs,ra%liaﬁfey %Pﬁh?sgai Af?%ﬁ‘r?ve@ sr.‘l.g%' 9. 25say. The

anti - CXCR4 antibodi es 'were seria o yiel'dtd talge of
concent r atd orssmetimas B39O radMntibprd@ssivivl of Theali amdeiibadies onersinadéladdt o 750, 000

CEM cells in 100 pi in th f 100 pM 1251- SDF-1 wi th i fi
activity of 20000 a8 PRERERS fo et SrnBt b R darmmn sty o AR o of cvan

anti body 10ofditche. $hareslics Gicypeiem@sn bsakhifste@d A9@sHhl MEi Gefke0l . The tot al
possi bl e bound ra%\i o | abel ed | irciand was determ ned by allow ng the
1251-SDF-1 to bi nd* T8 CERFCEYISCTE dohide mewdisets ibthe ahtrmperaried compostiionaur s at

4 C. Non- specifhheiprbichdiiftthste mA)®en a8 RESRHN Li A by
al l owi ng the 12.5651:}_)-FSBF- i tg bi nalé' ier‘{ t.heOSr ese_ncré O%WBW%?§§§|'@&&§%&-1
(Peprot ech, ctidh 6gfTectzotn abigye theiesigdihsrpedic resionsedesopriratuid patdBe- 15SDF- 1
was det er m ned by.sta00aLLdq - lits are wn in E,gure |1,

whi ch denonst rg]'ltaesé t hat tﬁe@?ggﬁﬁ”ﬁg y‘%&g%b 'Zjé’qﬁ}lce%?nﬁ;%?mggf glc}:]?i ve

bl ockade of SBRcted hisagh laee! toll GERuEDprassigdf pharGiddkoelit fctoldiaciEF@ngnd DI

anti bodi es al Kk --1 bindin al-t hough re noderat el han F7.
The E2 anti bé@ﬁ;?cggqfﬂﬁﬁaﬁf%?"}ﬁgg@p %Sll%d Stootthéﬁffgﬁftgﬁd&ﬁﬁ %’B‘P'P%e%(%stﬁe

denonst r at ed eistar, B« aorpimedSiheredi, thenalte ef fdatiisusaby, thd GeK oPSPhsdatiBh N Nng to
CXCR4 on § M ctel Es. The F&50$ f qr SDF-1 bl ockade b%/ F7, F9 and DI were 2.3
nM 12. 5 1M ARd OISR e Spet PR aempoundbeing e rioyeql.ibs $iratanre! e

SDF- 1- | nducedre@ialeai, otfeFiiruxs, bymAihils lORM AR 2EQsABh ebMbiR&idhGuARL | ity of the
anti-CXCR4 human anti bodies to inhibit calcium25flux in CEM cells induced

by SDF-1, CEMPUSPRECQmACEtpysarpleyshdheteeviornveibk. sandiioasseasiel heglth @dl ci um 3
Seri al i1 utian aer e e e R R R LR B PRan 10 o o
pM and medical arts.
25 A "therapeutically effective dosage" of an anti-CXCR4 antibody of this
disclosure preferably results in a decrease in severity of disease symptoms, an increase
in frequency and duration of disease symptom-free periods, or a prevention of
impairment or disability due to the disease affliction. For example, for the treatment of
CXCR4" tumors, a "therapeutically effective dosage" preferably inhibits cell growth or
30 wmor growth by at least about 20%, more preferably by at least about 40%, even more
preferably by at least about 60%, and still more preferably by at least about 80% relative

to untreated subjects. The ability of a compound to inhibit tumor growth can be

evaluated in an animal model system predictive of efficacy in human tumors.
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allowed to bind to 200,000 CEMcells in 200 pl and incubated 10 m nutes at
roomtenperature prior to loading into a Fl exstation machi ne (Ml ecul ar
Devices). As a 30 negative control, an irrelevant anti body of the sane
i sotype was used. Cells were then stinulated with a final concentration of
50 nM reconbi nant human SDF- | cc (Peprotech), added as 500 nMin a vol une
of 22 ttl for Iafln golume of .222 pl Theresltlng cal.ciu ljxwas
measured for 2H5"4 'éf%nt § PEBFHAT § Somposiyop gty b qydlupsd by praminag | % he

absence of andfitho@hps@idao SthibTiécteslvivi dubh BBtk darBefeadrddny Fadloys buf fer ed
saline (HBS) with 0.1 % BSA or HBS) to achi eve a maxi mum possi bl e cal ci um

flux signal. EyaeRwymeihe killsd seriruer. ca thesapgigical s eifsetivatmerhth HES wi t h
0.1 % BSA. Thﬁer%ncédr@po%a@&H&E%enﬁh&aﬁﬁ S oufcdh b W MRS e %%?gm Py the
devel opment of cal cium dependent fluourescence over tine. The area under

t he curve Sof subectr &salof prdgnafy akdheéheemt‘eouida@:ebfv\/msdeteelpmtse@ aouals basedi cat i on
of cal ciumfl T 0 I ant i - CXCR4
anti bodi es i s&hﬁgﬁl}égtgﬁggglmh&g?tsg& t?fiézéev% he %4 Of&% S‘%\A%%?}égyr? Tégné.'ﬁﬁa t he EC50s
wer e cal cul at;md:oustrcrgn]iasmpheacbuErdfammm@ﬁmmgleamd 10 the non-|inear curve
fit, signoidal dose responseffh Anti bodies F7, F9 and DI inhibited
SDF-1 a-induced cal CIMAFHPYLL! %H'ECF%%C‘E%”& % bR AP ISTELYIY OBF Hd"B CXCR4
(as denonst r abe@s émdEXAiTRLIen 33ing SHelhr RRke S ORFElyGAReSAE FHYWRI ih the art. As

SDF- | a-i nduced cal ci um flux. The EC50s for inhibition of SDF-1-induced

cal ci um f1%x Wy beapprrdatghby the skiledamsagothp pquiandor mode abadmisiztraiep wil
respectively aad HeHakiRi gtk Qs Oppef t4on of CEM
Cells by Ant |\£a%5&éR4 &e%plgt%dl eg Tor de% errrfr:l Hgatoﬁeéggggfﬂnmr% (ﬁ’tfiﬁ]g ant i - CXCR4
human ant i bodirgbodies of thg dbmlDsmegndudeontrayfen@EMntrehugulﬁmdu:néd"nby SDF-1, CEM
cells first ed with th Per

ant i - CXCR4 av}ﬁmﬁ]odlgggl’vﬁtr’%mtm? St% Oro fg% is'faor |Fal %dr?’ |r?6t?1°nsi(;rr| es
resulting in eaampln(bem’gecaabn onmﬁamge Trremma:ké)q:)ard\dtetra) admDdstratich"ak bmde\dreiro bi nd
to | abel e ns t 10 cel l er m. negative
cont ror, G PGT BoaRe afrrBoay R i rEDeREY SadtieBi. ARUBHS: nan
human SDF- | anﬁﬁﬁﬁrQidﬁﬁd?ﬂdev,\@slt@ddlﬂﬂltzﬂion5HMI@BQL§0|nﬂhm@@ﬁ]a%’%‘:thah@m‘l he | ower
chanber of a 96 wel| Neuroprobe mgration plate with 5.7 nm di aneter

filters per \Aéq’VhCCEaE‘HHW@FLI’arZS’EB‘PTP Al ngtraragdiag, PHrEEMal, HFAPEHOCEM cel |s with
and wi t hout apinkRRANM ‘é@ﬁc"utan@tﬁgeﬂb&ﬁkﬁlaﬁ hﬁra‘;ﬁllcttxi%r SutRipsial QEERhAALT on of 0.5
mllion cells per well in a vol ume of A The mgration pl ate was

i ncubat ed at !BTapng emdlﬁﬁ}w@éwﬁfﬂﬂmﬂg’r'm&é@n@@ﬂI"B”W\me captured in the | ower
charber g the p' tlt%r a Véf%n%&%o‘dg%ﬁﬁ. ea‘%'chMs{J c!ﬁ’PtEe%nHﬁnsQ%E%HrPo sol uti on
(Perkin chem ZPUm nescent si recor on a Fusion

i nstrunent. wﬁdne:raie@m 1sucrlng15|amdsm¢ail tepdnmmﬂ oSDEGdsa-romdubzeiﬂmmsmiam fon by the
ant i - CXCR4 antlbd ts Shown i % té | {suts em)nstratedthat
anti bodi es F7 ang® r?"ﬁﬁa Bi ?rgély r\f?gd?aé i 5@ ¥f58%{"i&%y FIRRTA'E ant i bodi es DI
and E2 did not si gmbfacttﬁzalabihywnﬁhtablbb pmpgfeatmmn:ammaheEGS@@rd‘t@f thenhi bi tion of
SDF- I -i nduced CEM cel | 19 %tl on by F7 and F9 were éz 44 nM and. 18. 99 nM
respect i vel y.COBRaH 3821t rEnifi[ah26% SRFEhGE @ caEteEigiiast rpulaiite MEbHifgt i on by
Ant i - CXCRA Ankphad] @ss&hRatiiche £XRMRIcRentdpeuiabi bt ¥ryalsithe Bblidsr GRS hunman
antibodies to inhibit capillary tube formati on by human unbilical vein
endot hel i al d%?qo@P(llﬂlm/E@)mwa§ﬂfb‘3€&r‘f'F¢\éEFh ety legerinyleasetaiel Ralwahvdridessi t h RPM

30 mnut s arye B R R atbelfioel Ao I B oTp BTk T once

wer e t rypsanipedraane of @smﬁpwnuachsattre wwtenldbi&r(gaidrfélyp@pwnto thnselsBilRPM thei t h

0.5% FBS. Antib |es VEC a ntration of
3 v/t and 41T e ko Rebpare bl PRl ubRa TR BRSO,

i frel evaro andi bmlge! Dfskliehéncsaﬂaw Yoo ypes. or nmedi a al one was used as a
negative control . JAS S|t|ve control inhibitio of tubeformatlon a
mouse anti-human AVHIPY ‘1'7‘?%8‘?)"5 %t"ﬁ‘tqel?ﬂﬁy‘ THDV ) BEd dewiges kngwiB3050)

was used. HuVECaw kdd e@dmple, in a preferred embodiment, a therapeutic composition of this

disclosure can be administered with a needleless hypodermic injection device, such as
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15w t hout anti bodies were plated onto the matrigel-coated wells and

i ncubated at 37C for 18 hours. The HuUVEC incubated with nmedi a al one
or with the isotype-matched control antibody formed capillary tubes
resulting in the appearance of connected cells across the plate with 3-5
points of connection or branch points per cell. The HUVEC i ncubated 20w th
ei ther the anti-CXCR4 huma él bodi es or the anti-av133 anti body did not
form capi | | ar JPedipes d 'SFEE ‘E@ﬁl FalpbNPea.3P24Pired3 3ab Swh 2R 38:eWedk4 3o br anch

poi nts. The anbiCXEd4 780%24 0k €56 EﬂﬁtEx‘ﬁﬁxg Rs BPwLI- QM le#IYa%ts ahd HlAgki ng SDF-1

bi ndi ng, SDF-1-induced cal ci um fl'ux and SDF-1-i nduce ration, nanmely F7
and F9, were a%e%”t the preset diselpause inglade: nUiSnRitbittNond, 48 003, wamgz disaloges an

formation. 0 4 but does not
bl ock SDF-1 b| Hg n%]eﬁﬁ%%ﬁ%dn%&ﬂ%ﬁéﬁ? \%hs"t]%me‘?ﬁ"‘a ‘O“cﬁiamﬁ’ 4" €api | 1 ary
t ube formati ob.S. Bxanpie 43:86,1 ohivihi thi divel ooés aTiberapeuGelidvidirfor adnéhigfetion In Vitro

by An ti-CXCR4 _Anti bodie abi | ty of the anti-CXCR4
huran anti bodh 6848 Iﬁn%f-’@fhte Sl\‘:‘ﬁhpg F?t@nﬁ %ﬁggf dﬂsﬁ]r?fﬁs adpgHRUPY human

Burkitt's |ynphaim meiplfoddanearmgmaawamq NAPreXRMNE6h alen UtDPaRFSay, 1 x 104
cell s/well }r\]er_‘g cyubate d with increasing doses (10-3 to 300 nM of F7
I g04 anti body;™ Agets whieh tiedgses earagly floxnm le ipfpsioalsppagates floody or

i sot ype cont rﬂjnﬁnur;rh@nﬁreipil%rwjg pamutlat@ﬂ?wg%hwﬁlpﬁ Bpag% Lﬁ){)cn?(gmbiq IS, W th
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results are shown 1nt Su

the F7 | g&4, lﬁgrefegﬁceahkinfdthtrg@th 1amﬂantn0dhl@5ry€s§tﬁl§mmh¢mbd|[esztr@khd’bhhblt Ranos
cell proli ferﬁgéeosg le{]" nd| cated by decreased 3H thym di ne incorporation
when i ncubat €' i’u hes% Lnt i bodi es, whereas the F9 Fab' fragnent did not

inhibit cell pr oI i1 eeraii @ibodFHESE He@SHah Sroh BbRALRILLIEL oftthS dARbLCXGRA
human 10a{}t blbe ]ffhta e a direct antl-prollferatlve effect on the tunor
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cells in ALY Y hBIOPFTE Pudios Akt diay eeanonde the begdnyain damiehi eve
an anti - prol |ﬂB@B}%kMﬁ‘de@Haﬁ?hgh%ﬁWpﬁihgco:Jn]')mJ'nm Ut P s 1Pl h'e‘i’heTwJ{&LeCe' !

Proliferation In Vivo by Anti- nti bodies In this exa ability
of the anti -m&um@émw@q’%mwsﬁ@B%(rbqiqsnra_cepmw ¢amé>|eéqemrm@f foan

est abl i shed t Y, WA S ous
tunor cell rmsﬁghg]el Mmafdsr&gsgg@n S%}(%}é&%qum@ @,8 m)us(‘e” \5\‘2:g 1?‘??%1 ant ed
into the f | artk> 32l oh3 6f. S48autd hﬂ?s"vélaﬁble b;:bdsommm)ocogmm\s\e bre @ mean size of
40 8, H‘L@Et‘?eq vm(ch a%"&tleratlvel)\r’\'lr%gsgor)t(e)dqntﬁggecgfz v Il%(%rhogngtqlél,rgtfs %Bgrggo;n ce

then received an intraperitone
anti body (deshigrad dugalsiiday (see, efy., 30V RakdeNbyo)andiis. eueined. agsesond i . p.

dose of anti ay re a Fab' fragment antibody al so
received i pttoxgﬁ' o%ﬁ&i%@gmﬁﬁ 'Ei‘é{‘g’/‘%éegﬁoor%wnfﬁe & olips BRI heB) were
treated with igiv fred ) (mannysei QUﬁeza(Male) aﬂ ,$ PISRPRIcERM, thﬁslﬁem‘/o}%gy)m, (i) F7
lg&A (15 ng/l;_% é %mFQI 15 zrﬁ%v) F9 Fab" (10 ng/kg); or (vi)
anti - CD20 posieilfed)cirrdes P15 “P@@)e’“ URB?) Jaisuiee. AN 49l @Wssdyatvei ght
wer e measyr eqids) dnimicrob. Agents Chemother. 39:180); surfactant protein A recepior (Briscoe ¢f

al. (1995) Am. J. Physiol. 1233:134); p120 (Schreier et al. (1994).) Biol. Chem.

269:9090); see also K. Keinanen; M.L. Laukkanen (1994) FEBS Lets. 346:123: 1],

Killion; L). Fidler (1994} Immunomethods 4:273.

30  Uses and Methods

The antibodies, particulary the human antibodies, antibody compositions and
methods of the present disclosure have numerous in vitro and in vivo diagnostic and

therapeutic utiiities involving the diagnosis and treatment of CXCR4 mediated disorders.

75



25regul ar intervals (approximately 2-3 tinmes/week) between day 0 and day 30
post dosing. The results of the experinment are presented in Figures 15A,
15B and 15C, whi ch show nean tunor volume (Figure 15A), nedian tunor vol une
(Figure 15B) and nedi an % body wei ght change (Figure 15C). The results
denonstrated that, |like the positive control, the F7 1g&4 and F9 |1gGl

anti bodies significantly inhihited tupor. cel] growth as 30nmeasured by

i ncreased tur]r%’f E’Wﬂ? e W’i@@é“ﬁ? PR&e ﬁ@“'ﬁ&f?redftf’g@ﬁséﬁf“'ﬁi’ﬂ YRR BT t unor
cel | growth asicRmasasicdd dan bisoly R CRBIhPAnd thlilaghdseal i sf wer e

wel | -tol erated as indicated by no significant body wei ght change. The

di fferences idsofisey Adarsghbaseiniibe (ks nsubjesa i nidiprdediadncrgs humpkenidpogue to the
wei ghts of t ) s i.ndi cat [ Iman

ant i bodi es a?]gmtcdggggll%’es' -ﬁ‘&ﬁil{rll]ﬁia %%‘ﬁﬁgqg?%\%ﬁaﬁ %Egéﬁgggémahgﬁﬁgﬂégpﬁd t unor
in vivo. 5 nBoang$eudes nendreas pumBes; viegp dogs, wetsi qowa, Himeseh@ystseni ¢ Tunor
Cel | Model 5% Tere%grgrat tre \Metsh AR Aggﬁﬁ'%éclﬁélu enlguin?a%d tients hav'n'ldnso¥ci?ei'ss

exanpl e, the a |1|aty’ 0 n a‘n{)l ~EX Minen ant1bo y T0° 1NEBSESE Sur vi val
tinme of m ce makteXanrnedulasidng CXE @S vey stievolang tharxCred/SDradathwaln this

assay, .1 x 6 Ranps, . cell use were injected iptravenously (iv.) into
each nouse os}ghegyﬂ“n&ﬁﬁé%g@?%%%%@r SBECHIET HD PRRIRG AT tHo 2B, )
injection of waafinlnSdie:6lPBi0E HORQE LiROMMcaIday 1 (i.e., one day after iv.
adm ni stration of tunor cells) and received four nore i.p. doses of

ant i body,'%n days Gs/enghe spscifipn Hingipg efihe @ntitradiss ebithig disvlastie fpdsX€Rbdhecont r ol

anti body were, .t - ) — t ed
Wth e ther (T GORTEI SN g pdheca B R BIELORRIb R BTG (15
nmg/ kg) ; or (isvifacanf c€dDbod, posedvey eacmnisedlo futify O¥CRg)via Renoentfingur vi val was
measured at r%%(l:a%roni nterval s 15between day O and day 50 post dosing (hind
| eg paral ysi e %ed as the endpoi nt of the experinent). The results of

t he experinment ar &uiubesentcedf ddmifkgumgethd Gptiboly ChinEhiess @er, daman sur vi val

over ti mgl The ms!di n Ll .days Iof s_grv%}/al fgr tt?e ice treated with either
vehicle or t HROTPEGPY BRUGAGHEBY ITREHEC 3% HiRsC %@%?&Fé?ndrwwwagﬁﬁ)mreas
the nedi an # faysdifoshkt MivMdlan®fn Y@ el Khb0RIaHe Mk bl QRBe d0&L0afy t he
anti-CD19 positive 20control_was 39 days. Significantly, 100% of the mce

in the group 'egseat erdingivshilk i Ree cxpandes thstantibrdymompeidions st broadninieiessi Yad t o
the end of ' 8BRS LMilhyondIERRUEARIEDS) | QOB LS LAY iliRoi@dsuGeiCRd human

antibody is capabl I ncreasing surviva imes of mce In a systemc
tunor cel | nod8depe2s Brdepige andiweikhich tei sob casfand\he gomsnisatipp apdioi - CXCR4

Monocl onal, Ani | y F . In this exanple, the ability of the

anti - CXCI??JR nxéllnlt'—@aq%ég 05%‘5&8%"‘33258?)? SI'®% n different cells was exanined. In

t he apopt osi s assay prdvibuatpalestibdd) hpgAnrhntisBX CRA @btk 26 ofvhishiieldstre karReaT0 S
cells (500,000 cell. S%r’ Namal wa cel iﬁ%’(ﬁé 00,000 cells) or R1610 cells

t ransf ect ed tCB'aéTHPSé gd &ﬁ@ﬂe IR EePEYIC Bptsaf 8 BEYER*RIETD el Is were
used as a 30nefabkiv @zdho Bt dndmmuAbhpplediigBND The aflibolip BdnyREInk&IGRY  ant i body
was i ncubated with cells at 37 C and 250 pi sanples were renoved at 24, 48

and 72 hour s 2598 (9é§‘§_é'§§‘“&?ﬁ9ﬂ’cp5‘§? gr cap ﬁéa@éile‘F@Tdr%ﬂﬁr%‘é!ﬂiOB‘dﬁe t4ehe Ipdient s were
i ncubat edsWi 51 ABRE WeParie EleIﬁ;i'isEr'atlon),tatHQarmbf@@% %ntﬁ@ahﬂﬁis@@ed‘ %&%1 affePhl owed by

flow cytonetry. The conbi ned percentage of s collected in the FL!, FL3
and FL1-FL3 deuyrenthoyith thgagepyatvaarhe sowdmpisoebivile poer kpoptheripees, o, r enove

vas Subtr et 8 PP EnaTaED s AREIok Sy Rite ek AARE, PR Qa0 °
, anti-neoplastic agents such as doxorubicin (adriamycin), cisplatin bleomycin sulfate,
carmustine, chlorambucil, and cyclophosphamide hydroxyurea which, by themselves,
30 are only effective at levels which are toxic or subtoxic to a patient. Cisplatin is
intravenously administered as a 100 mg/kg dose once every four weeks and adriamycin

is intravenously administered as a 60-75 mg/ml dose once every 21 days. Co-.

administration of the human anti-CXCR4 antibodies, or antigen binding fragments
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5The results are summuari zed below in Table 2: Tabl e 2_. Induétion of Aso.
psis b Anti-CXCR4 mAb F7 Cells Tinme (Hours) % Apoptosis R1610 72 <1
R1610- CXCR4 24 39 R1610-CXCR4 48 58 R1610-CXCR4 72 46 Ranps 24 22 Ranopbs

i0

15

20

25

thereof, of the present disclosure with chemotherapeutic agents provides two anti-cancer
agents which operate via different mechanisms which yield a cytotoxic effect to human
tumor cells. Such co-administration can solve problems due to development of
resistance to drugs or a change in the antigenicity of the tumor celis that would render
them unreactive with the antibody.

Target-specific effector cells, e.g., effector cells linked to compositions (¢.g.,
human antibodies, multispecific and bispecific molecules) of this disclosure can also be
used as therapeutic agents. Effector cells for targeting can be human leukocytes such as
macrophages, neutrophils or monocytes. Other cells include eosinephils, natural killer
cells and other IgG- or IgA-receptor bearing cells, If desired, effector cells can be
obtained from the subject to be treated. The target-specific effector cells can be
administered as a suspension of cells in a physiologically acceptable solution. The
number of cells administered can be in the order of 10°-10° but will vary depending on
the therapeutic purpose. In general, the amount will be sufficient to obtain localization
at the target cell, e.g., a tumor cell expressing CXCR4, and to effect cell killing by, e.g.
phagocytosis. Routes of administration can also vary.

Therapy with target-specific effector cells can be performed in conjunction with
other techniques for removal of targeted cells. For example, anti-tumor therapy using
the compositions (e.g., human antibodies, multispecific and bispecific molecules) of this
disclosure and/or effector cells armed with these compositions can be used in
conjunction with chemotherapy. Additionally, combination immunotherapy may be
used to direct two distinct cytotoxic effector populations toward tumor ceH rejection.
For example, antt-CXCR4 antibodies linked to anti-Fc-gamma RI or anti-CD3 may be
used in conjunction with IgG- or IgA-receptor specific binding agents.

Bispecific and multispecific molecules of this disclosure can also be used to
modulate FcyR or FeyR levels on effector cells, such as by capping and elimination of
receptors on the cell surface. Mixtures of anti-Fc receptors can also be used for this
purpose.

The compositions (e.g.,, human, humanized, or chimeric antibodies, multispecific
and bispecific molecules and immunoconjugates) of this disclosure which have
complement binding sites, such as portions from IgG], -2, or -3 or IgM which bind
complement, can also be used in the presence of compiement. In one embodiment, ex

vivo treatment of a population of cells comprising target celts with a binding agent of

77




48 31 Ranps 72 22 Namal wa 24 17 Namal wa 48 24 Namal wa 72 44 ol al oapoptosis
val ues are corrected for basl enme changes i nduced by isolypc control

anti bodi es. 10The results denonstrate that the F7 mAb i s capabl e of

i nduci ng apoptosis in the Ranps, Nanmal wa and R1610- CXCR4 cells while F7 had
no effect on induction of apoptosis of parental R1610 cells indicating that
t he response was XCR4- speci fi.c. npl e 12: Additional Studies

Showi ng | nhi B Pislogwre @&@Per%%ﬁff@éqwce!isswm syRRlcRen §A by thevddigoppf

Ant i - CXCR4  ArbnBRAERr serum contalbirdeltiot %ﬁﬂplfﬂ]ag&lﬂ]%s@%r abdeY c @ik c@fmﬁd wiCRA
human anti bodies to inhibit prollferatlon or induce apoptosis of

est abl i shed §@I’ﬂd@1&%ﬁﬁ@thihdlwwfws be weprPYRId Y Psiding st@dmmieonatl prewwer cel |
model s STM 1 af odhd BRLSRARR JBATLIARIEE WRED ABAB|iBTH BB £, 20A var ety

of tunmor cell i nes were exa epresentati ve ex er nen & and results
are as f ol5l owstibodies, multis;jecﬁﬂoraed laxnmetf'cnmmc,ule?)(ﬁtkns ﬂl@ﬂonﬁB&Bbemmn br east
cancer cell s/ muse wer.e flank. re thémmfaCh nmouse and

al loved to grbas\xlo?%legle%érh}rf@ aE%tFaer emboalmem A ecomposmo osure do not

activate complement.

The compositions (e.g., human, humanized, or chimeric antibodies, multispecific
iles and immunoconjugates) of this disclosure can also be

10 administered together with complement. Accordingly, within the scope of this
disclosure are compositions comprising human antibodies, multispecific or bispecific
molecules and serum or complement. These compositions are advantageous in that the
complement 1s located in close proximity to the human antibodies, multispecific or
bispecific molecules. Alternatively, the human antibodies, multispecific or bispecific

15 molecules of this disclosure and the complement or serum can be administered
separately.

The antibodies of this disclosure also can be used in combination with one or
more additional therapeutic antibodies or other binding agents, such as Ig fusion
proteins. Non-limiting examples of other antibodies or binding agents with which an

20 ant-CXCR4 antibody of this disclosure can be administered in combination include
antibodies or binding agents to CTLA-4, PSMA, CD30, IP-10, IFN-y, CD70, PD-1, PD-
L1, TNF, TNF-R, VEGF, VEGF-R, CCRS5, 1L-1, IL.-18, IL-18R, CD19, Campath-1,
EGFR, CD33, CD20, Her-2, CD25, gplib/MIa, igE, CD11a, o4 integrin, IFNa and
IFNART.

25 Also within the scope of the present disclosure are kits comprising the antibody
compositions of this disclosure {e.g., human antibodies, bispecific or multispecific
molecules, or immunoconjugates) and instructions for use. The kit can further contain
one ore more additional reagents, such as an immunosuppressive reagent, a cytotoxic
agent or a radiotoxic agent, or one or more additional human antibodies of this

30 disclosure (e.g., a human antibody having a complementary activity which binds to an

epitope in the CXCR4 antigen distinct from the first human antibody).
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of 100 m n3, calculated by length x width x height/2 of the tunors, which
was day 7 post-inplantation. The mce were random zed into different
treatment groups and 5received an intraperitoneal (i.p.) injection of a
first dose of antibody on day 7 post- inplantation, received a second i.p.
dose of antibody on day 14 post-inplantion and then received a third dose
on day 46 post-inplantation. Goups of mce (n=-9) were treated with either

(i) vehicle (PBS):AgoMy@y.ipsbtngiecated ntthaintipady cagprefjons of ihis cyacbngarewgrot ype
control (15 g/ kghionkit e)dnﬁ?rsh%@(pr 01'50 mdﬁg)neoug uﬁt‘ﬁ)orFf‘Z &vﬂ%ac‘r%ﬁrsﬂg

Tunmor 10vol unes were asure regular inter als & Mean " and nedla
t unor vol une d%IbnmmmeduﬁgmféauhumﬁeabWﬂhmn@hwmmxamm&&@hm;nmbnyal The

results of thi i.zed below in Ta

rman turor voPURER Lok RE e e R PTG G ot ARG PP CTer e By 52,
and nEdiaHStunmﬁmMQhUﬂﬁm(ln mB) and % TA at day 59 post-inplantation: 15
Table 3 Tunor Growt h Inhb|t|on of MDA-MB231 Cells In Vivo by mAb F7

Treat ment Day 52 dayatl-ggem odiREh thp@bjeo)@ca%qﬁdgﬁ: @y(t%ated with an agent that

modulates, e.g., enhances or inhibits, the expression or activity of Fcy or Fcy receptors
by, for example, treating the subject with a cytokine. Preferred cytokines for
administration during treatment with the multispecific molecule include of granulocyte

10 colony-stimulating factor (G-CSF), granulocyte- macrophage colony-stimulating factor
(GM-CSF), interferon- y (IFN-y), and tumor necrosis factor (TNF).

The compositions (e.g., human antibodies, multispecific and bispecific
molecules) of this disclosure can also be used to target cells expressing CXCR4, for
example for labeling such cells. For such use, the binding agent can be linked to a

15 molecule that can be detected. Thus, this disclosure provides methods for localizing ex
vivo or in vitro cells expressing CXCR4. The detectable label can be, e.g., a
radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor.

In a particular embodiment, this disclosure provides methods for detecting the
presence of CXCR4 antigen in a sample, or measuring the amount of CXCR4 antigen,

20 comprising contacting the sample, and a control sample, with a human monoclonal
antibody, or an antigen binding portion thereof, which specifically binds to CXCR4,
under conditions that allow for formation of a complex between the antibody or portion
thereof and CXCR4, The formation of a complex is then detected, wherein a difference
complex formation between the sample compared to the control sample is indicative the

25 presence of CXCR4 antigen in the sample.

In yet another embodiment, immunoconjugates of this disclosure can be used to
target compounds (e.g., therapeutic agents, labels, cytotoxins, radiotoxoins
immunosuppressants, etc.) to cells which have CXCR4 cell surface receptors by linking
such compounds to the antibody. Thus, this disclosure also provides methods for

30 localizing ex vivo or in vivo cells expressing CXCR4 (e.g., with a detectable label, such
as a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor).
Alternatively, the immunoconjugates can be used to kill cells which have CXCR4 cell

surface receptors by targeting cytotoxins or radiotoxins 10 CXCR4.
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CXCR4 1s known to be expressed on a wide variety of tumor cells types and also
1s known to be involved in tumor metastasis. Moreover, as a coreceptor for HIV entry
mto T cells, CXCR4 is known to be involved in HIV infection. Additionally, the
CXCR4/SDF-1 pathway has been shown to be involved in inflammatory conditions.

Sull further, the CXCRA4/SDF-1 pathway has been shown to be involved in angiogenesis
or neovascularization. Accordingly, the anti-CXCR4 antibodies (and immunoconjugates
and bispectfic molecules) of this disclosure can be used to modulate CXCR4 activity in

each of these clinical situations, as follows:

A. Cancer
CXCR4 has been shown to be expressed by a variety of cancer types and in

certain situations an inverse correlation has been established between CXCR4
expression and patient prognosis or survival. Non-limiting examples of cancer types
associated with CXCR4 expression include: breast (Muller, A. e/ al. (2001) Nafure
410:50-56); ovarian (Scotton, C. ef al. {2001) Br. J. Cancer 85:891-897; prostate
(Taichman, R.S. ef al. (2002) Cancer Res. 62:1832-1837, non-small cell lung (Spano
J.P. et al (2004) Ann. Oncol. 15:613-617); pancreatic (Koshiba, T. ez al. (2000) Clin.
Cancer Res. §:3530-3535); thyroid (Hwang, JH. etal (2003) .J. Clin. Fndocrinol.
Metab. 88:408-416); nasopharyngeal carcinoma (Wang, N. ef al. (2005) ). Transi Med.
3:26-33), melanoma (Scala, S. ¢t al. (2005) Clin. Cancer Res. 11:1835-1841); renal cell
carcinoma (Staller, P. et al. (2003) Nature 425:307-311); lymphoma (Bertolini, F. et al.
(2002) Cancer Res. 62:3530-3535); neuroblastoma (Geminder, H. et a/ (2001} /.
Immunol. 167.4747-4757); ghoblastoma (Rempel, S.A. ef al. (2000} Clin. Cancer Res.
6:102-111); rhabdomyosarcoma (Libura, J. ef a/. (2002) Blood 100:2597-2606);
colorectal (Zeelenberg, 1.S. ef al. (2003) Cancer Res. 63:3833-3839); kidney (Schrader,
Ad etal (2002) Br. J. Cancer 86:1250-1256); osteosarcoma {Laverdiere, C. e/ af.
(2005) Clin. Cancer Res. 11:2561-2567); acute lymphoblastic leukemia (Crazzolara, R.
et al (2001) Br. J. Haematol. 115:545-553); and acute myeloid leukemia (Rombouts,
EJ.C. et al (2004) Blood 104:550-557).

~ In view of the foregoing, the anti-CXCR4 antibodies of this disclosure can be
used in the treatment of cancers, including but not limited to a cancer selected from the
group consisting of breast, ovarian, prostate, non-small cell lung, pancreatic, thyroid,

nasopharyngeal carcinoma, melanoma, renal cell carcinoma, lymphoma, neuroblastoma,
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52 Additionally, one of the mce in the F7 1g&4 treatnent group was tunor
free at day 59. The results denonstrate that the F7 mAb i s capabl e of
inhibiting growth of MBA- 20MB23l breast cancer cells in vivo. In a second
experinment, 5 x 106 DMS79 human small cell lung carcinoma cell s/ nmouse were
I npl anted into the flank regi on of each nouse and allowed to grow to a nean

size of 160 mmB,, .calculated by length x wwdth x height/2 of the tunors,
whi ch was day2Hoblfsiame; W%T"gﬁ’ﬂyzg qrfﬂﬁf]a’ﬁﬂ@eﬁ@%g‘dﬂl’e‘héﬁf‘?ﬁﬁﬁ@ﬁﬂi‘éﬂtei nto different
treat ment gr olRphiBANd iduRERIaURE aduld MRS ERBAA! The anfibddy Ehh @€ Lk FonRlor

anti body on a dosing schedule of (BDx5 (every three days for five tines).

Groups of mi c& CRLTOYORMAY RRERIBEMHIE UG a5 feigeyiand/ovesHiat e a0¢#BSyith (i i) 1 g4
| Sotype CONt I Gher(ahf-nIBIAL hodifs, blch ad 1 Andi AEEHILAD B e LRI V@ fi TS vier e
nmeasured at regular 1 ntervafs and the mBan and. redi an tunpr Vol Une _
det er m ned> f otbozacihclidimgathemothegpoup datgsead bthemtnernviabr antipen angbedigsssuafi t hi s

experinment are sunmariz | qw.,i bl.e 4, | sh .Jrean and medi an

t umor vol une ?S’ltﬁosﬁﬁ%a)l gg#&ﬁ&) @ﬂﬁo&%‘rﬁo%'ﬁpﬁ%mﬁsﬁ B?FP%V%' § at day 34

post-inplantation: Table 4: Tunor G owh Inhbition of DM679 Cells In Vivo
T 0

by mAb F7 Treat rg_ar\t/iral ?nafgcti%ﬁs includin I\I/-tial%nlnfgtiorg

CXCR4 has been shown to be a coreceptor for HIV entry into T cells and,

10 additionally, certain murine anti-CXCR4 antibodies have been demonstirated to be able
to inhibit entry of HIV isolates into T cells (see Hou, T. ez al (1998) .. immunol,
160:180-188,; Carnee, X. ef al (2005) L Virol. 79:1930-1938). Thus, CXCR4 can be
used as a receptor by viruses for entry into the cell and antibodies to CXCR4 can be used
to inhibit cell entry of such viruses that use CXCR4 as a receptor. Accordingly, the

15 human anti-CXCR4 antibodies of this disclosure can be used to inhibit entry of a virus
into a cell, wherein the virus uses CXCR4 as a receptor for cell entry, such that viral
infection is inhibited. In a preferred embodiment, the antibodies are used to inhibit entry
of HIV into T cells, e.g., in the treatment or prevention of HIV/AIDS. The antibody can
be used alone or in combination with other anti-viral agents, such as anti-resroviral drugs

20 such as AZT or protease inhibitors,

C. Inflammatory Conditions

The CXCR4/SDF-1 pathway has been shown to play arole in a variety of
inflammatory conditions, including but not limited to inflammatory liver disease
25 (Terada, R, ef al. (2003) Lab. Invest. 83:665-672); autoimmune joint inflammation
(Matthys, P. et al. (2001)./. Immunol. 167:4686-4692); allergic airway disease (Gonzalo,
J.A. eial (2000).J. Immunol. 165:499-508); and periodontal disease (Hosokawa, Y. e/
al. (2005) Clin. Exp. Immunol_141:467-474).
Accordingly, the human anti-CXCR4 antibodies of this disclosure that inhibit
30 binding of SDF-1 to CXCR4 can be used to inhibit inflammation in inflammatory
disorders, including disorders selected from the group consisting of inflammatory liver
disease, autoimmune joint inflammation, allergic airway disease, periodontal disease,

rheumatotd arthritis, inflammatory bowel disease, systemic lupus erythematosus, Type |
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Medi an T4 (% Vehicle 900 882 1gX4 Isotype Control 992 903 F7
Anti-CXCR4 1g04 620 38 599 34 The results denponstrate that the F7 mAb
is capable of inhibiting growh of DVMb79 10human snmall cell |ung carci nona
cells in vivo.

diabetes, inflammatory skin disorders (e.g., psonasis, lichen planus), autoimmune
thyroid disease, Sjogren’s syndrome, pulmonary inflammation (e.g., chronic obstruciive
pulmonary disease, pulmonary sarcoidosis, lymphocytic alveolitis) and inflammatory
kidney disease (e.g., IgA nephropathy, glomerulonephritis). The antibody can be used
5 alone or in combination with other anti-inflammatory agents, such as non-steroidal anti-
inflammatory drugs (NSAIDs), corticosteroids {(e.g., prednisone, hydroconisone),
methotrexate, COX-2 inhibitors, TNF antagontsts {(e.g , etanercept, infliximab,
adalimumab) and immunosuppressants (such as 6-mercaptopurine, azathioprine and

cyclosporine A).

D. A ngiogenesis
It has been demonstrated that SDF-1 induces neovascularization through
recruitment of CXCR4-expressing hemangiocytes (Jin, DX ef al. (2006) Nat. Med.
12:557-567). Moreover, blockade of the SDF-1/CXCR4 pathway can attenuate in vivo
15 tumor growth by inhibiting angiogenesis in a VEGF-independent manner (Guleng, B. ef
al. (2005) Cancer Res, 65:5864-58-71). Still further, as demonstrated in Example 2,
antibodies of this disclosure are capable of inhibiting capillary tube formation in vifro.
Accordingly, the anti-CXCR4 antibodies of this disclosure that inhibit binding of SDF-1
to CXCR4 can be used to inhibit angiogenesis by interfering with the SDF-1/CXCR4
20 pathway. Inhibition of angtogenesis can be used, for example, to inhibit tumor growth
or tumor metastasis (regardless of whether the tumor is CXCR4"). The antibody can be
used alone or in combination with other anti-angiogenic agents, such as anti-VEGF

aniibodies.

25 E. Autologous Stem Cell Transplantation

Peripheral blood stem cells are the preferred source of stem cells for use in
autologous stem cell transplantion, for example in the treatment of certain hematological
malignancies. Collection of stem cells from the peripheral blood requires mobilization
of CD34” stem cells from the bone marrow to the peripheral blood. Various cytokines,

30  chemokines and adhesion molecules have been implicated in the regulation of this
process (reviewed in Gazitt, Y. (2001) .J. Hematother. Stem Cell Res. 10:229-236),
inchading the interaction of CXCR4 and SDF-1. Moreover, a small molecule CXCR4

antagonist has been demonstrated to stimulate rapid mobilization of CD34” stem cells
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Addi ti onal subcut aneous xenograft tunmor nodels were tested for the ability
of anti- CXCR4 antibodies to inhibit tunor growh, in experinments simlar
to those described above and in Exanple 9. In an experinment using SU DHL-6
B cell |ynphoma cells, the results showed that treatment with the F7 g4
mMAb at 15 ng/kg resulted in 15approxinately 60% tunor grow h inhibition.
Simlarly, in_an xtf)erl ment using Namal wa Burkitt's |y ig})homa cells, the

resul ts showefONH PAE BEFR P tf\ﬁnpﬁﬂp'teﬁfe(swgg@l" waB-Mite! &' REPRY. FdBul ted in

appr oxi mat el yoAQ0Xumos. 19@?%&1&&9@:’ h'é PR (2'065)‘3)0@&1’ ARl 20101305078 8- gr oW h
inhibition by the F7 mAb was obsérved in experinents using Nl H H226 | ung

car ci noma cel ﬂs}méﬁbeFﬂ?AbeWn@HO%a%@qdd&él1§6hdi%7i°fbcé¢®rdﬂmﬁm HOEHQX;:R‘HOWGVGr
20st ai ni ng_of ?rﬁtlﬂﬁﬁg &GEIII l;ﬁlSBXsutrpﬁaFZhlm)%dhﬂl arg':gv\{ g(y em?}igro}éls n?]% 1%“?92%\3

showed m ni ma tro expression unor=-ce fmvivo were
st ai nabl e by mhesedTMtlbw{mmmemtmoﬁﬁém Stﬁny;:e[istfrohﬁthblh@ieem’rroalto\l\}haat st age

of their tunor owt.h b n to pe ex ed. Thi s suggests that

exper essi on OWGFMA)I%@%@%?&%& 'Ea&P Sulcﬁﬁég' W}sm ”ﬁgii’llq‘“ltaé’cg%ﬂé to allow for
tunor growt h aubdlbdriuk r@RkpRRtal BOURE b phf inAROPIAGSINS of Heratol IléWdlgé@&E' CXCRr4
treanent. Exanple 13: Inhibition of Lung Metastases In Vivo by Antl-CXCR4

Antibodies  Suchas Rpldple,mysiama a“@ws"éwgﬁlwimp}pﬁ@ e aptibiod Coenrds ussb t

i nhibit |ung B{ARtASERHINEDN SXAMNELLEI B @ SERLIIONIR; SUST Sy Lpgor
model . More specifically, 0.4 x 106 B16- CXCR4 cells (BI6 cells transfected

to expresy hutsh® “t&@%f)“*"ﬁ@f EM-RSEctléds.5h anatlzy embedingnti the o1vewtiztn podvid® mi ce

f the C57 st d t ot f t
cach, whi chvier & ehen TR IRRTAPRT A AL BR B BlyRe B Poar

i sotype cont rgripiSalbgdddgh  seined,ithd I)lelﬁ{_b'd d:cgﬁdus(r@ mlylnkgenng,'[dﬂmeaﬁﬁjedn@dy or

vehicle was inje traperitone tes aft 1 he BlGCCR4 cells
were injected _(;:)t(g ﬂ@ﬁ’é’? of ﬁH’é’grﬁlﬁérgéc tﬂ?‘\f‘é lézﬂt'%(’fce]é?/";l&teﬁ'rfﬁsc A" nunber
of lung met asltc&h'eInﬁirrianﬁdei;ﬁﬁSraV@]Socﬂié@ﬂﬁxhl&x&He(lthe BB od emUlifterab@psemmar i zed

bel ow i n 5abI e. b, V\gc shows _t he nean and nedi an nunmber of Iung nmet ast ases

in each ghoup™®S4BELTE4 SRbTels FAMAEN pher) DMedawethasder uss infuieiopsys sl F7
Tr eat nent NynhgdpILtatibing Met astases % I nhibition of Lung Mets (Mean)

The present disclosure is fusther illustrated by the following examples, which
should not be construed as further limiting. The contents of all figures and all
20 references, patents and published patent applications cited throughout this application

are expressly incorporated herein by reference.

EXAMPLES

Example I:  Generation of Human Monoclonal Antibodies Against
25 CXCR4
Anti-CXCR4 human monoclonal antibodies were generated using a combination
approach in which, first, mice expressing human antibody genes were immunized to
B raise in the mice a repertoire of human immunoglobulins specific for human CXCR4
and then, second, a human antibody library was prepared from spleen cells of the mice
30 and displayed on phage such that the phage were then screened for expression of
antibodies with specificity for CXCR4. This combination approach is generally
described in U.S. Application No. 20030091995 by Buechler ef al.
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Mean Median  Vehicle 364 397 |1gX4 Isotype Control 309 294 15% F7
Anti-CXCR4 | g4 157 186 56% 15The results show that treatnment with the F7
mMAb led to a reduction in the mean nunber of |ung netastatic nodul es of

56% whereas reduction was only 15%w th the isotype control antibody,
denonstrating that the F7 mAb is capable of inhibiting lung netastases in a

system c tunor nodel . MEI U P1101, 11. /Wrle | WA= YI N
Antigen
R1610 cells (a Chinese Hamster lung cell line, originally described in Thirion,

JP.etal (1976) Genetics 83:137-147) were transfected with an expression vector
encoding the full-length human CXCR4 protein such that the protein was expressed on
5  the surface of the cells. A codon-optimized form of the CXCR4 ¢cDNA was used in the
expression vector, which was prepared as described in Mirzabekov, T. et al. (1999} /.
Biol Chem. 274:28745-28750. To enhance the immunogenicity of the cells, the cells
were coated with tninitrophenol (TNP), by incubation with an aqueous solution of
trinitrobenzenesulfonic acid (TNBS), available commercially as a 5% solution (Sigma,
10 Cat. #P2297). More specifically, 1 x 10° cells were washed once with sterile PBS,
incubated with 50 ul of the commercial 5% TNBS solution for one hour in the dark at

room temperature and then washed three times with PBS. The resultant TNP-coated,

CXCR-4-expressing R1610 cells were used as antigen for immunization. The final
immunogen was a mix of 100 I of TNP-coated, washed cells {1 x 10’ cells) plus 100 pl

I5  of Ribi adjuvant. Mice received six doses of the immunogen over time.

Transgenic Transchromosomic KM Mouse® Strain

Fully human monoclonal antibodies to CXCR4 were prepared by initiatly

immumzing the KM strain of transgenic transchromosomic mice, which expresses

20 human antibody genes. In this mouse strain, the endogenous mouse kappa light chain
gene has been homozygously disrupted as described in Chen e al. (1993) EMBO J.
12:811-820 and the endogenous mouse heavy chain gene has been homozygously
disrupted as described in Example | of PCT Publication WO 01/09187. Additoinally,
this mouse strain carries a human kappa light chain transgene, KCoS3 (as described in

25  Fishwild ef af. (1996) Nature Biotechnology 14:845-851) and also contains the SC20
transchromosome, which carries the human Ig heavy chain locus, as described in PCT
Publication WO 02/43478. KM mice are also described in detail in U.S. Application
No. 20020199213.

30 KM Immunization

To raise fully human monoclonal antibodies 1o CXCR4, mice of the KM Mouse®
strain were immunized with R1610 cells transfected to express CXCR4 and coated with
TNP (as described above for the antigen). General immunization schemes for the

raising human antibodies in mice strains carrying human antibody genes are described in
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MXI - 375PC SEQUENCE LI STI NG <110> MEDAREX, | NC. <120> HUMAN ANTI BODI ES THAT
Bl ND CXCR4 AND USES THERECF <130> MXI - 375PC <140> <141> <150> 60/ 827, 851
<151> 2006- 10-02 <160> 53 <170> PatentlIn Ver. 3.3 <210> 1 <211> 5 <212> PRT
<213> Hono sapiens <400> 1 Ser Tyr Ser Met Asn 15 <210> 2 <211> 5 <212> PRT
<213> Honmo sapi ens <400> 2 Ser Tyr Ser I\/Et Asn 15 <210> 3 <211> 5 <212> PRT
<400> 3 Ser Tyr Asn

213> oD S N 0N (Tboa) Narde 3630047 §5¢-530: Fishwild, D. et al. (1996) Naure

Biotechnology 14: 845-851 and PCT Publication WO 98/24884. The mice were 6-16

weeks of age upon the first infusion of antigen.

KM mice were immunized with antigen in Ribi adjuvant either intraperitonealy
5 (IP), subcutaneously (Sc) or via footpad (FP), followed by 3-21 days IP, Sc or FP

reimmunization (for a total of 6 immunizations}) with the antigen in Ribi adjuvant. The

immune response was monitored by retroorbital bleeds. The plasma was screened by

FACS staining of CXCR4-expressing R1610 cells (versus untransfected parental R1610

cells). Mice with sufficient titers of anti-CXCR4 human immunogolobulin were used for

10 harvesting spleens.

Preparation of Phage Display Library and Screening for Anti-CXCR4 Antibodies

Spleens harvested from the immunized mice described above were used to make

a phage display library expressing human antibody heavy and light chains. More

15 specifically total RNA was isolated from the spleens, cDNA was prepared from the
RNA and human antibody variable region cDNA was specifically amplified by PCR,
essentially as described in U.S. Patent Application 20030091995 by Buechler ¢/ al. The
library of human antibody varable regions was cloned into phage expression vectors,
again essentially as described in U.S. Patent Application 20030091995 by Buechler ef

20 al. The phage display library was screened for library members having affinity for
CXCR4 by panning with human CXCR4 incorporated into magnetic proteoliposomes
(CXCR4-MPL). MPLs expressing CXCR4, or other seven transmembrane (7TM)
receptors (e.g., CCRS), such that the native conformation of the 7TM receptor is
maintained, have been described previously (see e.g., Mirzabekov, T. ef af. (2000) Nat.

25 Biotechnol. 18:649-654; Babcock, G ). er al. (2001} /. Biol. Chem. 276:38433-38440:
PCT Publication WO 01/49265; U.S. Patent Application 20010034432). In brief,
recombinant human CXCR4 that contained an epitope tag was solublized from a
transfected CXCR4-expressing cell line using the detergent CHAPSO and the protein
was captured on magentic beads via the epitope tag. A lipid membrane was

30 reconstituted during removal of the detergént, such that the native membrane
conformation of CXCR4 was maintained, to create the CXCR4-MPLs. Three rounds of
panning of the phage display library on the CXCR4-MPLs led to a 30-fold enrichment

of CXCR4-binders as compared to background. Variable region fragments of interest
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15 <210> 4 <211> 5 <212> PRT ,<213> Hono sapi ens <400> 4 Ser Tyr Ser Met
Asn 15 <210> 5 <211> 17 <212> PRT <213> Hono sapiens MXI-375PC <400> 5 Tyr
Ile Ser Ser Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser Val Lys 151015 Gy
<210> 6 <211> 17 <212> PRT <213> Honp sapi ens <400> 6 Tyr Ile Ser Ser Arg
Ser Arg Ser Ile Tyr Tyr Ala Asp Ser Val Lys 151015

were recloned into a Fab expression vector and the Fab retested for antigen binding
agamst transfected CXCR4-expressing cells. Whole antibodies were then generated
from the Fabs using standard molecular biology techniques.

Fab clones F7, F9, D1 and E2 were selected for further analysis.

5 Example 2:  Structural Characterization of Human Anti-CXCR4
Monoclonal Antibodies F7, F9, D1 and E2

The cDNA sequences encoding the heavy and light chain variable regions of the
F7,F9, D1 and E2 Fab clones, obtained from phage display library screening as
described in Example 1, were sequenced using standard DNA sequencing techniques.

10 The nucleotide and amino acid sequences of the heavy chain variable region of
F7 are shown in Figure 1A and in SEQ ID NO: 33 and 25, respectively.

The nucleotide and amino acid sequences of the light cham variable region of F7
are shown in Figure 1B and in SEQ ID NO: 37 and 29, respectively.

Comparison of the F7 heavy chain immunoglobulin sequence to the known

15 human germline immunoglobulin heavy chain sequences demonstrated that the F7 heavy
chain utilizes a Vi segment from human germline Vy 3-48, a D segment from the
human germline 4-23, and a JH segment from human germline JH 6B. Further analysis
of the F7 V}; sequence using the Kabat system of CDR region determination led to the
delineation of the heavy chain CDR1, CDR2 and CD3 regions as shown in Figure 1A

20 andin SEQ ID NOs: 1, 5 and 9, respectively.

Comparison of the F7 light chain immunoglobulin sequence to the known human
germlinge immunoglobulin light chain sequences demonstrated that the F7 light chain
utilizes a Vi segment from human germline Vi L15 and a JK segment from human
germhine JK 1. Further analysis of the F7 V), sequence using the Kabat system of CDR

25  region determinatton led to the delineation of the light chain CDR1, CDR2 and CD3
regions as shown in Figure 1B and in SEQ ID NOs: 13, 17 and 21, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of
F9 are shown in Figure 2A and in SEQ ID NO: 34 and 26, respectively.

The nucleotide and amino acid sequences of the hight chain variable region of F9

30 are shown in Figure 2B and in SEQ ID NO: 38 and 30, respectively.

Comparison of the F9 heavy chain immunoglobulin sequence to the known

human germline immunoglobulin heavy chain sequences demonstrated that the F9 heavy

chain utilizes a Vy segment from human germline Vy; 3-48, a D segment from the
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Ay <210> 7 <211> 17 <212> PRT <213> Honp sapi ens <400> 7 Tyr Il e Ser Ser
Arg Ser Lys Thr Ile Tyr Tyr Ala Asp Ser Val Lys 151015 dy <210> 8 <211> 17
<212> PRT <213> Honop sapiens <400> 8 Tyr Ile Ser Ser Arg Ser Arg Thr Ile
Tyr Tyr Ala Asp Ser Val Lys 151015 Ay <210> 9 <211> 16 <212> PRT <213>
Hono sapiens <400> 9 Asp Tyr Ay Ay Gn Pro Pro Tyr Tyr Tyr Tyr Tyr Ay
et Asp Val 1 &n(*)xf:ll'nSgerm!ine 4-23, and a JH segment from human germline JH 6B. Further analysis
of the F9 Vy sequence using the Kabat system of CDR region determination led to the
delineation of the heavy chain CDR1, CDR2 and CD3 regions as shown in Figure 2A
and in SEQ ID NOs: 2, 6 and 10, respectively.
5 Companson of the F9 light chain immunoglobulin sequence to the known human
germiine immunoglobulin light chain sequences demonstrated that the FO light chain
utilizes a V¢ segment from human germline Vi L15 and a JK segment from human
germline JK 1. Further analysis of the F9 V,_ sequence using the Kabat system of CDR
region determination led to the delineation of the light chain CDR 1, CDR2 and CD3
10 regtons as shown in Figure 2B and in SEQ ID NOs: 14, 18 and 22, respectively.
The nucleotide and amino acid sequences of the heavy chain variable region of
D1 are shown in Figure 3A and in SEQ ID NO: 35 and 27, respectively.
The nucleotide and amino acid sequences of the light chain variable region of DI
are shown in Figure 3B and in SEQ ID NO: 39 and 31, respectively.
15 Companson of the D} heavy chain immunoglobulin sequence to the known
human germline immunoglobulin heavy chain sequences demonstrated that the D1
heavy chain utilizes a Vy segment from human germline Vyy 3-48, a D segment from the
human germline 4-23, and a JH segment from human germline JH 6B. Further analysis
of the D1 Vy sequence using the Kabat system of CDR region determination led to the
20 dehneation of the heavy chain CDR1, CDR2 and CD3 regions as shown in Figure 3A
and in SEQ ID NOs: 3, 7 and 11, respectively.
Comparison of the DI light chain immunoglobulin sequence to the known
human germline immunoglobulin light chain sequences demonstrated that the D1 light
chain utibizes a V_segment from human germline Vi L15 and a JK segment from
25 human germline JK 1. Further analysis of the D1 V| sequence using the Kabat system
of CDR region determination led to the delineation of the light chain CDR1, CDR2 and
CD3 regions as shown in Figure 3B and in SEQ ID NOs: 15, 19 and 23, respectively.
The nucleotide and amino acid sequences of the heavy chain variable region of
E2 are shown in Figure 4A and in SEQ ID NO: 36 and 28, respectively.
30 The nucleotide and amino acid sequences of the light chain variable region of E2
are shown in Figure 4B and in SEQ ID NO: 40 and 32, respectively.
Comparison of the E2 heavy chain immunoglobulin sequence to the known

human germline immunoglobulin heavy chain sequences demonstrated thas the E2
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<210> 10 <211> 16 <212> PAT <213> Hono sapi ens <400> 10 Asp Tyr Ay Ay Gn
Pro Pro Tyr Tyr Tyr Tyr Tyr dy Met Asp Val 151015 uvr ?? "Il == M r
? MXI -375PC <210> 11 <211> 16 <212> PRT <213> Hono sapi ens <400> 11 Asp Tyr
Gy Ay Gn Pro Pro Tyr Tyr Tyr Tyr Tyr Ay Met Asp Val 151015 <210> 12
<211> 16 <212> PRT <213> Hono sapi ens <400> 12 Asp Tyr Gy Gy Gn Pro Pro
Tyr H's Tyr Tyr Tyr. Gy Mt Asp Val _ 151015 <210> 13 <211> 11 <212> PRT
<213> Hormo sdlffeh a@ﬁ%’iesl%vm?eémﬁp'aﬁ@é urpgrheeaniing Yie3 d8ra Bapemenplipa e a

1510 <210> 14wdd Lermdihe 9282:mdPRH &2dm MR RAPLEARHOES AdhheY thahkid Ser
Gn Ay lle Ser Ser Trp Leu Ala 15I0 <210> 15 <211> 11 <212> PRT <213> Hono
sapi ens of the E2 Vy sequence using the Kabat system of CDR region determination led to the

delineation of the heavy cham CDR1, CDR2 and CD3 regions as shown in Figure 4A
5 andin SEQID NOs: 4, 8 and 12, respectively.

‘ Comparison of the E2 light chain immunoglobulin sequence to the known human
germline immunoglobulin tight chain sequences demonstrated that the E2 light chain
utilizes a V), segment from human germline Vi L1S and a JK segment from human

fCDR
10 region determination led to the delineation of the light chain CDR 1, CDR2 and CD3

germline JK 1. Further analysis of the E2 V|, sequence using the Kahat system

&)

regions as shown in Figure 4B and in SEQ ID NOs: 16, 20 and 24, respectively.
Analysis of the framework sequences of the Vi and V). regions of F7, F9, D1 and
E2, as compared to the germline sequences from which they were derived, identified
various framework amino acid residues that differed from germline. Certain framework
15 residues in the N-terminal regions of the Vy; and V. segments were chosen for “back-
mutation” to restore the framework residue to the germline sequence, because these non-
germline residues in the N-terminal portion were encoded by the primers used to create
the phage display libraries described in Example 1. In particular, the following modified
forms of the Vy and Vi segments of F7, F9, DI and E2 (referred to as “GL” forms, for
20 germline) were created using standard molecular biology techniques to substitute the

germline amino acid residue at the indicated framework position:

F7GL Vi QIE, QGE
F7GL Vi: AID,R3Q

25
FOGL Vi QIE, Q6E
FOGL Vi EID, V3Q, L4M
| DIGL Vy: Q6E
30 DIGL Vi VID, W3Q, VAM

E2GL Vi Q6E
E2GL Vi: EID, V3Q, L4M
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<400> 15 Arg Thr Ser Gn Gy Ile Ser Ser Trp Leu Ala 1510 <210> 16 , <211>
11 <212> PRT <213> Hono sapi ens <400> 16 Arg Ala Ser Gn Gy Ile Ser Asn
Trp Leu Ala 1510 <210> 17 <211> 7 <212> PRT <213> Hono sapiens MXI -3 75PC
<400> 17 Ala Ala Ser Ser Leu Gn Ser 15 <210> 18 <211> 7 <212> PRT <213>
Hono sapi ens <400> 18 Ala Ala Ser Ser Leu G n Ser 15 <210> 19

Figure 5A shows the alignment of the F7 (SEQ ID NO: 25) and F7GL (SEQID
NO: 41) heavy chain variable amino acid sequences with the germline Vy; 3-48 encoded
amino actd sequence (SEQ ID NO: 49). The CDR1, CDR? and CDR3 regions are
5  delineated.
Figure 5B shows the alignment of the F7 (SEQ ID NO: 29) and F7GL (SEQ ID
NO: 45) light chain variable amino acid sequences with the germline Vi L15 encoded
amino acid sequence (SEQ ID NO: 50). The CDR1, CDR2 and CDR3 regions are

Ap!ippntpd_

10 Figure 6A shows the alignment of the F9 (SEQ ID NO: 26) and FOGL (SEQ ID
NO: 42) heavy chain variable amino acid sequences with the germline Vi 3-48 encoded
amino acid sequence (SEQ ID NO: 49). The CDR1, CDR2 and CDR3 regions are
delineated.

Figure 6B shows the alignment of the F9 (SEQ ID NO:- 30) and FOGL (SEQ ID

15 NO: 46) light chain variable amino acid sequences with the germline Vi L15 encoded
amino acid sequence (SEQ ID NO: 50). The CDR1, CDR2 and CDR3 regions are
dehneated.

Figure 7A shows the alignment of the D1 (SEQ ID NO: 27) and DIGL (SEQ ID
NO: 43) heavy chain variable amino acid sequences with the germline Vy 3-48 encoded

20 amino acid sequence (SEQ ID NO: 49). The CDRI1, CDR2 and CDR3 regions are
delineated.

Figure 7B shows the alignment of the D1 (SEQ ID NO: 3 1Y and DIGL (SEQ ID
NO: 47) light chain variable amino acid sequences with the germline Vi L15 encoded
amino acid sequence (SEQ ID NO: 50). The CDR1, CDR2 and CDR3 regions are

25  delineated.

Figure 8A shows the alignment of the E2 (SEQ ID NO: 28)and E2GL (SEQ ID
NO: 44) heavy chain variable amino acid sequences with the germline Vi 3-48 encoded
amino acid sequence (SEQ ID NO: 49). The CDR1, CDR2 and CDR3 regions are
delineated.

30 Figure 8B shows the alignment of the E2 (SEQ ID NO: 32) and E2GL (SEQ ID
NO: 48) light chain variable amino acid sequences with the germline Vi L15 encoded
amino acid sequence (SEQ ID NO: 50). The CDR1, CDR2 and CDR3 regions are

delineated.
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<211> 7 <212> PRT <213> Hono sapiens <400> 19 Ala Ala Ser Ser Leu G n Ser
15 <210> 20 <211> 7 <212> PRT <213> Hono sapi ens <400> 20 Ala Ala Ser Ser
Leu G n Ser 15 <210> 21 <211> 9 <212> PRT <213> Honp sapi ens <400> 21 G n
G n Tyr Asn Ser Tyr Pro Arg Thr 15 <210> 22 <211> 9 <212> PRT <213> Hono
sapi ens

The ¥7, F9, D1 and E2 Fab fragments are converted to full-length antibodies
using standard recombinant DNA techmques. For example, DNA encoding the Vi and
Vx regions of one of the Fab fragments can be cloned into an expression vector that
carries the heavy and light chain constant regions such that the variable regions are
5  operatively linked to the constant regions. Alternatively, separate vectors can be used
for expression of the full-length heavy chain and the full-length light chain. Non-lmiting
examples of expression vectors suitable for use in creating full-length antibodies include

the pIE vectors described in U.S. Patent Application No. 20050153394 by Black.

Example 3: Binding Characteristics of Anti-CXCR4 Human Monoclonal
10 Antibodies
In this example, binding charactenstics of the anti-CXCR4 antibodies were
examined by flow cytometry,
The human T cell line CEM, which expresses native human CXCR4 on its cell
surface, was used to examine the ability of the F7, F9, D1 and E2 antibodies to bind to
15 native, cell-surface CXCR4. Full-length F7, F9, D1 and E2 were titrated in a 1:3 serial
ditution series, resulting in a concentration range from 300 nM to 5 pM. The antibodies
were then mixed with CEM cells and allowed to bind before being detected with a
FITC-conjugated anti-human IgG secondary antibody. The cells were then analyzed by
fluorescent cytometry. The resulting mean fluorescence intensities are shown in the
20 graph of Figure 9, which demonstrates that all four anti-CXCR4 antibodies bind to CEM
cells. The ECsp for binding F7, F9, D1 and E2 were 21 nM, 14 nM, 80 nM and 290 nM,
respectively.
To determine the ability of a panel of anti-CXCR4 antibodies to compete for
binding to CXCR4, competition studies were performed. The four human anti-CXCR4
25  antibodies F9, F7, E2 and D1 were used, along with four commercially available murine
monocional anti-CXCR4 antibodies (12G5, 708, 716 and 717; R&D Systems catalog #s:
MABI170, MAB171, MAB172 and MAB 173, respectively). The anti-CXCR4
antibodies were titrated in a 1:3 serial dilution series resulting in a concentration range
from 300 nM to 5 pM in the presence of a constant concentration of FITC-labeled anti-
30 CXCR4 antibody F9. The mixture of antibodies was then added to CEM cells and
allowed to bind. The ability of each antibody to compete with F9 for binding to CEM

cells was assessed by fluorescent cytometry and detection of FITC. The resulting mean
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<400> 22 A n Gn Tyr Asn Ser Tyr Pro Arg Thr 15 <210> 23 <211> 9 <212> PAT
<213> Homp sapi ens <400> 23 Gn Gn Tyr Asn Ser Tyr Pro Arg Thr 15 .
MXI - 375PC <210> 24 <211> 9 <212> PRT <213> Hono sapiens <400> 24 G n Gn
Tyr Asn Set Tyr Pro Arg Thr 15 <210> 25 <211> 125 <212> PRT <213> Honp
sapiens <400> 25 Gn Val Gn Leu Val Gn Set Gy Gy Ay Leu Val hG n Prg
015 Set Leu A Leu Set Cys Ala Ala Ala Ay Phe Thr Phe Set Set
'?y¥ Gy 151 guorescent?ntensgta ies are shown 19{he graph of Figure 10, wh¥ch demonstrates that all
seven antibodies examined (F7, E2, D1, 12G5, 708, 716 and 717) were able to compele
with F9 for binding to CEM cells, although the E2 antibody only demonstrated partial
mhibition at high concentrations compared to the other antibodies.
5 In another set of experiments, the ability of the F7 mAb to bind to a variety of
different cell lines was examined by flow cytometry by camrying out a FACS titration.
Increasing amounts of mAb (from less than 0.001 pg/ml to more than 100 pg/ml) were
incubated with 100,00 cells and binding assessed by flow cytometry. The Bmax value
also was determined, which indicates approximately how many CXCR4 molecules are
10 present on each cell. Based on the binding curves, an ECs; for antibody binding was

determined, the results of which are summarized below in Table 1-

Table 1. FACS Titration Resulis for mAb F7 Binding 10 Different Cell Lines

Cell Type ECso (ug/ml) Briax
Ramos 0.48 106,000
Raji 0.34 52 536
Namalwa 1.57 116,000
1.540 3.69 31,868
DMS79 3.99 24,587
MDA-MB-231 9.24 14,186
Bmax = maximium binding (GMFI units)
15
The results show that F7 mAb is capable of binding effectively to each of the six cell
lings tested, with the lowest ECsgs observed with the Ramos and Raji cell lines. These
data also show that the expression of CXCR4 receplor is highest for Ramos and
Namalwa cells and lowest for MDA-MB-231 cells and DMS79 celis.
20 In another binding experiment, the ability of the F7 mAb to bind to different subsets

of human peripheral blood mononuclear cells (PBMCs) was examined. Human PBMCs
were isolated by standard methods and different cellular subsets were isolated by FACS.
In pariicular, the following cellular subsets were isolated: (i) CD3", (i) CD20"; (iii)
CD11b" and (iv) CD14*. Flow cytometry experiments conducted with the F7 mAb (at
25 33 pg/ml} demonstrated that the F7 mAb was capable of binding effectively to each of

the four subsets, as compared to an isotype-matched control antibody.
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202530 Set Met Asn Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Gu Trp Val
354045 Set Tyr lle Set Ser Arg Set Arg Thr Ile Tyr Tyr Ala Asp Ser Val
505560 Lys Gy Arg Phe Thr Ile Set Arg Asp Asn Ala Lys Asn Set Leu Tyr
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5 antibodies on biockmg SDF-] binding to CEM cells was performed by a standard radio-
labeled ligand binding assay. The anti-CXCR4 antibodies were serially diluted 1-3 to
yield a range of concentrations from 300 nM to 137 pM. The antibodies were added to
750,000 CEM cells tn 100 pl in the presence of 100 pM '»1-SDF-1 with a specific

000 Ci/mmole (Amersham, catalog #IM314-25UC1). Anirvelevant antibody

10 of the same isotype was used as a negative control. The total possible bound radio-

labeled ligand was determined by allowing the '*’[-SDF-1 to bind to CEM cells in the
absence of antibodies for 2 hours at 4 °C. Non-specific binding of the radio-labeled
ligand was determined by allowing the 'Z1-SDF-1 to bind in the presence of 1 uM
unlabeled SDF-1 (Peprotech, catalog # 300-28A). The amount of cell-associated '*1-

15 SDF-1 was determined by standard methods. The results are shown in Figure 11, which

demonstrates that the F7 antibody provides the most effective blockade of SDF-1
binding to CXCR4 expressed on CEM cells. The F9 and D1 antibodies also blocked
SDF-1 binding, although more moderately than F7. The E2 antibody, although it does
bind to CXCR4 on CEM cells (as demonstrated in Example 3), did not effectively block

20 SDF-1 binding to CXCR4 on CEM cells. The ECss for SDF-1 blockade by F7, F9 and

D1 were 2.3 nM, 12.5 nM and 28.6 nM, respectively.

Example §: Inhibition of SDF-1-Induced Calcium Flux by Anti-CXCR4
Antibodies
To determine the ability of the anti-CXCR4 human antibodies to inhibit calcium
25 flux in CEM cells induced by SDF-1, CEM cells were first labeled with the fluorescent
dye Calcium 3 (Molecular Devices). The anti-CXCR4 antibodies were titrated in a }:3
serial dilution series resulting in a concentration range from 100 nM to | pM and
allowed to bind to 200,000 CEM cells in 200 ul and incubated 10 minutes at room
temperature prior to loading into a Flexstation machine (Molecular Devices). Asa
30 negative control, an irrelevant antibody of the same isotype was used. Cells were then
stimulated with a final concentration of 50 nM recombinant human SDF-1¢ (Peprotech),

added as 500 nM in a volume of 22 pl for a final volume of 222 nl. The resulting
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65707580 MXI-375PC Leu G n Met Asn Ser Leu Arg Asp Qu Asp Thr Ala Val Tyr
Tyr Cys 859095 Ala Arg Asp Tyr Ay Ay Gn Pro Pro Tyr Tyr Tyr Tyr Tyr Qy
Met 100105110 Asp Val Trp Gy Gn @y Thr Thr Val Thr Val Ser Ser 115120125
<210> 27 <211> 125 <212> PRT <213> Hono sapi ens <400> 27 du Val G n Leu
Val Gn Ser Ay Gly Ay Leu Val Gn Pro dy Gy 151015 Ser Leu Arg Leu Ser
Cys Ala Ala AI Phe Thr Phe Ser Ser Tyr 202530 Ser Met Asn Trp Val Arg
Gn Ala Pro G‘rayc“l'_’?é”@“&?s metsuegdfor ) serpndsea o dsr pegive CFDé'UQeFe”Sé‘rthArg Ser

Lys Thr Ile T, K I Ser Arg
Ap non Al o Atcortr QuBody BeipSlimfBlg S By et Rl S Red ey s

d u Asp Thr AHBYyatithTyt %THSA QyEB8HR0O VAl amANi guhgpssThle cz(E:JymCﬂuy s@nm_ Pr o Pro
Tyr Tyr Tyr T'ch délt_grgnincg z}/ba'}s/g%e, cells were stimulated with HBS with 0.1 % BSA. The SDF-

5 la-sumulated release of calcium was measured by the development of calcium-
dependent fluourescence over time. The area under the curve of the resulting
fluorescence trace was reported as an indication of calcium flux. The resulting
inhibition of calcium flux by the anti-CXCR4 antibodies s represented in Figure 12.
The data were plotied and the ECsos were calculaied using GraphPad Prism software and

10 the non-linear curve fit, sigmoidal dose response formula. Antibodies F7, F9 and D1
inhibited SDF-1a-induced calcium flux. Antibody E2, although it did bind to CXCRA4
(as demonstrated in Example 3), did not significantly inhibit SDF-1g-induced calcium
flux. The ECsos for inhibition of SDF-1-induced calcium flux by F7, F9 and D1 were
0.90 aM, 0.32 nM and 0.57 nM, respectively.

15 Example 6: Inbibition of SDF-1-Induced Migration of CEM Cells by Anti-
CXCR4 Antibodies
To determine the ability of the anti-CXCR4 human antibodies to inhibit
migration of CEM cells induced by SDF-1, CEM cells first were labeled with the
BATDA reagent (Perkin Elmer). The anti-CXCR4 antibodies were titrated in a 1.3
20 serial dilution series resulting in a concentration range from 100 nM to | pM and
allowed to bind to labeled CEM cells at a density of 10 million cells per mi. Asa
negative control, an irrelevant antibody of the same isotype was used. Recombinant
human SDF-lo (Peprotech) was added at SnM at 30 ul per well to the lower chamber of
a 96 well Neuroprobe migration plate with 5.7 mm diameter filters per well. Each well
25  contains 5 uM pores. Labeled CEM cells with and without antibody were loaded onto
the filters at a concentration of 0.5 million cells per well in a volume of 50 ul. The
migration plate was incubated at 37 °C for 2.5 hours. Migrated cells were captured in
x the lower chamber of the plate, lysed and detected with Europium detection solution
(Perkin Elmer). The chemi-luminescent signal was recorded on a Fusion instrument.
30 The resulting inhibition of SDF-1a-induced migration by the anti-CXCR4 antibodies in
shown in Figure 13. The results demonstrated that antibodies F7 and FO inhibited

migration effectively, while antibodies D1 and E2 did not significantly inhibit migration.
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Example 7:  Inhibition of HuVEC Capillary Tube Formation by Anti-CXCR4
Antibodies
5 In this example, the ability of the anti-CXCR4 human antibodies to inhibit

capillary tube formation by human umbtiical vein endothehal cells (HuVEC) was
examined. Matrigel was diluted 1:1 with RPMI and plated onto the wells of a 96 well
plate and allowed to polymerize for 30 minutes at 37 °C. HuVEC (from Cambrex, cat. #
CC-2519) at 80% contluence were trypsanized and resuspended at 1x 10° cells per ml in

10 RPMI with 0.5% FBS. Antibodies were well mixed with HuVEC at a final
concentration of 3 ug/ml and allowed to incubate at room temperature for 30 minutes.
Anirrelevant antibody of the same 1sotype or media alone was used as a negative
control. As a positive control of inhibition of tube formation, a mouse anti-human avf33
(CD51/CD61) antibody (R&D Systems, cat. # MAB3050) was used. HuVEC with or

15 without antibodies were plated onto the matrigel-coated wells and incubated at 37 °C for
18 hours.

The HuVEC incubated with media alone or with the isotype-matched control
antibody formed capiliary tubes resulting in the appearance of connected cells across the
plate with 3-5 points of connection or branch points per cell. The HuVEC incubated

20 with either the anti-CXCR4 human antibodies or the anti-avp3 antibody did not form
capillary tubes. The cells appeared isolated and with few or no branch points. The anti-
CXCR4 antibodies that were most effective in blocking SDF-1 binding, SDF-1-induced
calctum flux and SDF-i-induced migration, namely F7 and F9, were also the most
effective in inhibiting capillary tube formation. The anti-CXCR4 antibody E2, whch

25  binds to CXCR4 but does not block SDF-1 binding or SDF-1-induced effects, did not

inhibit capitlary tube formation.

® Example 8: Inhibitien of Tumor Cell Proliferation /n Vitro by Anti-CXCR4
Antibodies
In this example, the ability of the anti-CXCR4 human antibodies to inhibit
30 proliferation of Ramos tumor cells (a human Burkitt’s lymphoma cell line) in vitro was

examined. In the assay, 1 x 10* cells/well were incubated with increasing doses (10"1 to
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thymidine being added for the final 24 hours of incubation to allow for monitoring of

cell proliferation. Following the incubation, incorporation of *H-thymidine by the cells
5 was measured by standard techniques. The results are shown in the graph of Figure 14.
The results demonstrate that the F7 IgG4, F9 IgG1 and E2 1gG1 antibodies each were
able to inhibit Ramos cell proliferation, as indicated by decreased "H-thymidine
incorporation when incubated with these antibodies, whereas the F9 Fab’ fragment did
rot inhibit cell proliferation. These results indicate that the anti-CXCR4 human
10 antibodies have a direct anti-proliferative effect on the tumor cells in vitro and thus do

not require secondary cross-linking 1o achieve an anti-proliferative effect.

Example 9:  Inhibition of Solid Tumor Cell Proliferation /i Vivo by Anti-CXCR4
Antibodies
In this example, the ability of the anti-CXCR4 human antibodies to inhibit

15 proliferation of an established solid tumor in vivo was examined using a Ramos
subcutaneous tumor cell model. In this assay, 10 x 10° Ramos cells/mouse were
tmplanted into the flank region of each mouse and allowed to grow to a mean size of 40
mm’, calculated by length x width x height/2 of the tumors. The mice then received an
intraperitoneal (i.p.) injection of a first dose of antibody (designated as day 0 of

20 treatment) and received a second i.p. dose of antibody on day 7. Mice treated with a
Fab’ fragment antibody also received i.p. antibody doses on day 3 and day 10. Groups of
mice (n=8) were treated with either (1) vehicle; (it} isotype control (15 mg/kg) ; () F7
IgGa (15 mg/kg); (V) FO IgGl (15 mg/kg); (v) FO Fab’ (10 mg/kg), or (vi) anti-CD20
positive control (15 mg/kg). Tumor volume and mouse body weight were measured at

25 regular intervals (approximately 2-3 times/week) between day 0 and day 30 post dosing,
The results of the experiment are presented in Figures 15A, 15B and 15C, which show
mean tumor volume (Figure 15A), median tumor volume (Figure 158) and median %
body weight change (Figure 15C). The resuits demonstrated that, like the posttive
control, the F7 1gG4 and F9 IgG1 antibodies significantly inhibited tumor celi growth as

30  measured by increased tumor_volume; whereas the F9 Fab’ fragment did not inhibit
tumor cell growth as compared to the isotype control. All treatments were well-tolerated

as indicated by no significant body weight change. The differences in body weights
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established solid tumor in vive.

Example 10: Increased Survival Time in a Mouse Systemic Tumor Cell Model
5 by Treatment with an Anti-CXCR4 Antibody
In this example, the ability of an anti-CXCR4 human antibody 1o increase

survival time of mice was examined using a Ramos systemic tumor cell model. In this

day 0. The mice then received an intraperitoneal (i.p.) injection of a first dose of

10 antibody on day 1 (i.e., one day after i.v. administration of tumor cells) and received
four more i.p. doses of antibody, on days 5, 8, 15 and 22 (mice treated with the positive
control antibody were treated only on day 1). Groups of mice (n=8) were treated with
either (i) vehicle; (i) isotype control (15 mg/kg), (iit) F9 IgG1 (15 mg/kg); or (iv) anti-
CD19 positive control (15 mg/kg). Percent survival was measured at regular intervals

15 between day 0 and day 50 post dosing (hind leg paralysis was used as the endpoint of the
experiment). The results of the experiment are presented in Figure 16, which shows
percent survival over time. The median # days of survival for the mice treated with
either vehicle or the 1sotype contro} were 23 and 25.5 days, respectively, whereas the
median # days of survival of the mice treated with one dose of the anti-CD19 positive

20 control was 39 days. Significantly, 100% of the mice in the group treated with five
doses of the FO IgG1 antibody survived to the end of the experiment.  These results
indicate that the anti-CXCR4 human antibody is capable of increasing survival times of

mice in a systemic tumor cell model.

25  Example 11: Induction of Apoptosis by Anti-CXCR4 Menoctonal Antibody F7
In this example, the ability of the anti-CXCR4 mAb F7 to induce apoptosis in
different cells was examined. In the apoptosis assay, F7 mAb at 10 ug/ml was incubated
with either Ramos cells (500,000 cells), Namalwa cells (500,000 cells) or R1610 cells
transfected to express CXCR4 (100,000 cells) Untransfected R1610 cells were used as a
30 negative control. Anti-CXCR4 mAb F7 or isotype control antibody was incubated with
celis at 37° C and 250 pl samples were removed at 24, 48 and 72 hours. To assess

apoptosis, the cells from various time points were incubated with Annexin V-FITC-FL1
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5 The results are summarized below in Table 2:

Table 2. Induction of Apoptosis by Anti-CXCRA4 mAb F7

Cells Time (Hours % Apoptosis

RI&10 72 <!
R1610-CXCR4 24 39
R1616-CXCR4 48 38
Ri610-CXCR4 72 46
Ramos 24 ' 22
Ramos 48 31
Ramos 72 22
Namalwa 24 17
Namalwa 48 24
Namalwa 72 44

Total % apoptosis valucs are corrected for baslcine changes induced by isotype control antibodics.

10 The results demonstrate that the F7 mAb is capable of inducing apoptosis in the Ramos,
Namalwa and R1610-CXCR4 cells while F7 had no effect on induction of apoptosis of
parental R1610 cells indicating that the response was CXCR4-specific,

Example 12: Additional Studies Showing Inhibition of Solid Tumor Cell

15 Proliferation
In Vivo by Anti-CXCR4 Antibodies
In this example, the ability of anti-CXCR4 human antibodies to inhibit
profiferation or induce apoptosis of established solid tumors in vivo was examined using
additional tumor cell models similar to the Ramos model described above in Example 9

20 A variety of tumor cell lines were examined. Representative experiments and results are

as fotlows.
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O(Gnup Tefsubied b3 width x height/2 of the tumors, which was day 7

post-lmplantanon. The mice were randomized into different treatment groups and
received an intraperitoneal (i.p.) injection of a first dose of antibody on day 7 post-
implantation, received a second i.p. dose of antibody on day 14 post-implantion and then
received a third dose on day 46 post-implantation. Groups of mice (n=9) were treated
with either (i) vehicle (PBS); (ii) IgG1 isotype control (15 mg/kg) ; (ii1) 1gG4 isotype
control (15 mg/kg); (v) F71gG1 (1S mghke), or (v} F7 1gG4 (15 mglkg). Tumor
volumes were measured at regular intervals and the mean and median tumor volume
determined for each treatment group at each interval. The results of this experiment are
summarized below in Table 3, which shows mean tumor volume (in mm’) and % tumor
growth inhibition (TGI) at day 52, and median tumor volume (in mm) and % TGI at

day 59 post-implantation:

Table 3: Tumor Growth Inhbition of MDA-MB231 Cells /7 Vivo by mAb F7

Day 52 Day 59
Treatment Mean TGl (%) Median TGI{(%)
Vehicle 154 187
IgG1 Isotype Control 172 216
IgG4 Isotype Control 188 226
F7 Anti-CXCR4 1gG1 86 50 130 40
F7 Anti-CXCR4 1gG4 79 58 108 52

Additionally, one of the mice in the F7 1gG4 treatment group was tumor free at day 59.
The results demonstrate that the F7 mAb is capable of inhibiting growth of MDA-
MB231 breast cancer cells in vivo.

In a second experiment, 5 x 10° DMS79 human small cell lung carcinoma
cells/mouse were implanted into the flank region of each mouse and allowed to grow to
a mean size of 160 mm”, calculated by length x width x height/2 of the tumors, which
was day 7 post-implantation. The mice were randomized into different treatment groups
and received intraperitoneal (i.p.) injections of antibody on a dosing schedule of Q3Dx5

(every three days for five times). Groups of mice (n=10) were treated with either (i)
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Table 4. Tumor Growth Inhbition of DMS79 Cells /# Vivo by mAb F7

Day 34
Treatment Mean TG (%) Median TGH%)
Vehicle 900 882
1gG4 Isotype Control 992 903
F7 Anti-CXCR4 IgG4 620 38 599 34

The results demonstrate that the F7 mAb is capabie of inhibiting growth of DMS79
human small cell lung carcinoma cells in vivo.

Additional subcutaneous xenograft tumor models were tested for the ability of anti-
CXCR4 antibodies to inhibit tumor growth, in experiments similar to those described
above and in Example 9. In an experiment using SU-DHL-6 B cell lymphoma cells, the
results showed that ireatment with the F7 IgG4 mAb at 15 mg/kg resulted in
approximately 60% tumor growth inhibition. Similarly, in an experiment using
Namalwa Burkitt’s lymphoma cells, the resulis showed that tfeatment with the F7 1oG4
mAb at 3 mg/kg resulted in approximately 70% tumor growth inhibition. In contrast, no
tumor growth inhibition by the F7 mAb was observed in experiments using NTH-H226
lung carcinoma cells or HPAC human pancreatic adenocarcinoma cells. However,
staining of these cells by the F7 mAb in flow cytometry experiments showed minimal i
vitro expression. Although the tumor cells in vivo were stainable by the mAb by
immunohistochemistry, it is unclear at what stage of their tumor growth CXCR4 began
to be expressed. This suggests that experession of CXCR4 by these two cell lines was
insufficient to allow for tumor growth inhibition or induction of apoptosis in vivo by

anti-CXCR4 treament.
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micsefphers? tnpo-Thempeeweas rampomized mio . (375)
three groups of ten mice each, which were then treated with either (i) vehicle (PBS); (it)

IgG4 isotype control (5 mg/kg), or (i) F7 1gG4 (S mg/kg). The antibody or vehicle was
injected intrapentoneally 30 minutes after the B16-CXCR4 cells were injected
intravenousty. Lungs were harvesied on day 14 and the number of lung metastatis
nodules was quantitated. The results are summarized below in Table $, which shows the

mean and median number of lung metastases in each group:

Table 5: Inhbition of Lung Metastases I Vivo by mAb F7 -

Treatment Number of Lung Metastases % Inhibition of Lung Mets
(Mean)
Mean Median
Vehicle 364 397
IgG4 Isotype Control 309 294 15%,
F7 Anti-CXCR4 1gG4 157 186 56%

The results show that treatment with the F7 mAb led to a reduction in the mean number
of lung metastatic nodules of 56%, whereas reduction was only 15% with the isotype
control antibody, demonstrating that the F7 mAb 15 capable of inhibiting lung metastases

1n a systemic tumor model.
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<400> 1
Ser Tyr Ser Met Asn
1 5

<210> 2

<211l> 5

212> PRT

<213> Homo sapiens

<400> 2
Ser Tyr Ser Mat Asn
1 5

<210> 3
© <211> 5
<212> PRT
<213> Homo sapiens

<400> 3
Ser Tyr Ser Met Asn
1 5

<210> 4

<211l> 5

<212> PRT

<213> Homo sapiens

<400> 4
Ser Tyr Ser Met Asn
1 5

<210> 5

<211> 17

<212> PRT

<213> Homo sapiens

10!



aag
Arg
atg
Set
ggt
Pro
acg
Set

cag.

Val
t gt
Al a

MXI-ZP®(Q t c ace ate tcc aga gac aat gee agg aac tea ctg t at 240 Lys Gy
Phe Thr Ile Set Arg Asp Asn Ala Arg Asn Set Leu Tyr 65707580 ctg caa .
aac age ctg aga gac gag gac acg get gtg tat tac tgt288 Leu G n Met Asn

%r I@%gseéc? liﬁégpésep i ?‘Iégﬂteagltgg %/lﬁ %% R % zgpa_?_srggt yt ?Elcyg%tn

Pro Tyr Tyr Tyr Tyr Tyr Gy Met 100105110 gac gtc tgg ggc caa ggg ace

@i ace gtc tee tea375 Asp Val Trp Gy Gn Gy Thr Thr Val Thr Val Set
115120125 <210> 36 <211> 375 <212> DNA <213> Honp sapi ens "M 1=1,

"M | ? MXL1-375PC <220> <221> CDS <222> (1)..(375) <400> 36 gag gtg

e% g@ cag tct ggg gga ggc ttg gta cag cct ggg ggg 48 Au Val Gn Leu

Gy Gy @y Leu Val Gn Pro Ay Gy 151015 tee ctg aga etc tee

2968 ga ttc ace ttc agt age tat96 Ser Leu Arg Leu Ser Cys Al a
%l;l% Cf Egpl h? Phe Ser Set Tyr

<400> 6
Tyr Ile Ser Ser Arg Ser Arg Ser Ile Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> 7

<211> 17

<21l2> PRT

<213> Homo sapiens

<400> 7
Tyr Ile Ser Ser Arg Ser Lys Thr Ile Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> B8

<211> 17

«212> PRT

<213> Homo sapiens

<400> 8
Tyr Ile Ser Ser Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> 9

<211> 16

<212> PRT

<213> Homo sapiens

<400> 9
Asp Tyr Gly Gly Gln Pro Pro Tyr Tyr Tyr Tyr Tyr Gly Met Asp Val
1 5 10 15

<2105 10

<211> 16
«212> PRT
<213> Homo sapiens

<400> 10

Asp Tyr Gly Gly Gln Pro Pro Tyr Tyr Tyr Tyr Tyr Gly Met Asp Val
5 10 15

102
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202530 age atg aac tgg gtc cgc cag get cca ggg aag ggg ctg gag tgg gttl44
Set MAKIAIAPGrp Val Arg Gn Ala Pro Ay Lys Ay Leu Gu Trp Val 354045 tea
tac att agt agt aga agt aga acc ata tac tac gca gac tct gtgl92 Ser Tyr He
Set Sé%tlof‘rlq Set Arg Thr Ile Tyr Tyr Ala Asp Set Val 505560 aag ggc cga ttc
ace gLe;fCg¢ aga gac aat gcc aag aac tea ctg tat240 Lys Gy Arg Phe Thr Ile
Set AngrAsRrAsn Ala Lys Asn Ser Leu Tyr 65707580 ctg caa atg aac agc ctg
aga gacsgagmgaapaégs get gtg tat tac tgt288 Lets G n Met Asn Ser Leu Arg Asp
G u Asp Thr Ala Val Tyr Tyr Cys 859095 gcg aga gat tac ggt ggt caa ccc cct
tae =460tdd tac tac ggt atg 336 Ala Arg Asp Tyr Ay Ay Gn Pro Pro Tyr His
Tyr TP T G FINEF 1M B0 B 1B g v gie '?ﬁ?ngfj@&%é’a‘éEtg@ patd acg gtc acc gtc
tee tca375 Asp Val Trp Ay Gn @y Tr Thr Val Thr VAP Set Set 115120125
<210> 37 <211> 321 <212> DNA <213> Honpb sapi ens <220> <221> CDS <222>
(1). .63&1)12<400> 37 gee ate egg atg acc cag tct cca tee tea ctg tct gca tct
gta gga#s 16

<212» PRT

<213> Homo sapiens

<400> 12
Agp Tyr Gly Gly Gln Pro Pro Tyr His Tyr Tyr Tyr Gly Met Asp Val
1 5 10 15

<210> 13

<211> 11

<212> PRT

<213> Homo sapiens

<400> 13
Arg Ala Ser Gln Gly Ile Ser Ser Trp Leu Ala
1 5 10

<210> 14

«2il> 11

<212» PRT

<213> Homo sapiens

<400> 14
Arg Ala Ser Gln Gly Ile Ser Ser Trp Leu Ala
1 5 10

<210> 15

<211> 11

<212> PRT

<213> Homo sapiens

<400> 15
Arg Thr Ser Gln Gly Ile Ser Ser Trp Leu Ala
1 5 10

<210> 16

<211> 11

"¢212> PRT

<213> Homo sapiens

<400> 16
Arg Ala Ser Gln Gly Ile Ser Asn Trp Leu Ala
1 5 10

<210> 17

<211> 7

<212> PRT

«213> Homo sapiens

Vo3
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Al a MM-Arspcdvet Thr G n Set Pro Set Ser Leu Set Ala Set Val 'GIy 151015 gac

aga
Thr
cag
Lys
agt

Val

act

Thr
cag
Asn
Thr
DNA

gtc ace ate act tgt egg
Ile Thr Cys Arg Al a Ser
cag aaa cca gag aaa gee

%A?ESEEE; er La I:Earln %’%’S
Pro Set Arg Phe Set Gy
ctc acc atc agc agc ctg
t1@-Seg Ser Leu Gn Pro

gcg agt cag ggt att age age tgg 96 Asp Arg Val
Gn dy Ile Ser Set Trp 202530 tta gee tgg tat
cct aag tee ctg ateld4d Leu Ala Trp Tyr Gn Gn
Ser Lets Ile 354045 tat get gca tee agt ttg caa
age ggcl92 Tyr Ala Ala Ser Ser Leu Gn Set Ay
505560 MXI-375PC agt gga tct ggg aca gat ttc
cag cct240 Ser Ay Ser Ay Thr Asp Phe Thr Leu
65707580 gaa gat ttt gta act tat tac tgc caa

tatl>adt agt tac cct cgg288 A u Asp Phe Val Thr Tyr Tyr Cys Gn Gn Tyr
S@@ T TPro Arg 859095 acg ttc ggc caa ggg acc aag gtg gaa atc aaa321

O
«<400> 18

Ala Ala Ser Ser Leu Gln Ser
1 5

Thr Lys

<210> 19

<211 7

<212> PFRT

<213> Homo sapiens

<400> 19
Ala Ala Ser Ser Leu Gln Ser
1 5

<210> 290

<211> 7

«212> PRT

<213> Homo sapiens

<400> 20
Ala Ala Ser Ser Leu Gln Ser
1 5

<210> 21

<211l> 9

<212> PRT

<213> Homo sapiens

<400> 21
Gln Gln Tyr Asn Ser Tyr Pro
1 5

<210> 22

<211> 9

<212> PRT

<213> Homo sapiens

<400> 22
Gln Gln Tyr Asn Ser Tyr Pro
1 5

«210> 23

<211> 9

«212> PRT

<213> Homo sapiens

<400> 23
Gln Gln Tyr Asn Ser Tyr Pro
1 5

Val Qu Ile Lys 100105 <210> 38 <211> 321 <212>

Arg Thr

Arg Thr

Arg Thr

104




<213> Honp_sapi ens <220> <221> CDS <222> (1)..(321) <400> 38 gaa att gtg
ctc W“QWQM cca tcc tca ctg tct gca tct gta gga4d8 GQu Ile Val Leu Thr
Gn Ser Pro Ser Ser Leu Ser Ala Ser Val Ay 151015 gac aga gtc acc atc act
tgt cgg gcg agt cag ggt att agc agc tgg96 Asp Arg Val Thr Ile Thr Cys Arg
Ala Ser Gn Gy Ile Ser Ser Trp 202530 tta gcc tgg tat cag cag aaa cca gag
aaa ggto:ceti aag tcc ctg atcld44 Leu Ala Trp Tyr Gn Gn Lys Pro Gu Lys Ala
Pro kysl-Ser Leu Ile 354045 tat gct gca tcc agt ttg caa agt ggg gtc cca cca
agg wBt2-a§B8Tggcl92 Tyr Ala Ala Ser Ser Leu Gn Ser Gy Val Pro Pro Arg Phe
Ser &R} 5H9FBFaRINgga tct ggg aca gat ttc act ctc acc atc agc agc ctg cag
cct 24%% erMGIy Ser Ay Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu G n Pro
6570 t t ac tgc caa cag tat aat agt tac cct cgg288
€] P 5%@&?%%&%@%%%? A@ng%ré}n G n Tyr Asn Ser Tyr Pro Arg 859095 acg
ttc ggc caa ggg acc aag gtg gaa atc aaa321

<210> 25

<211> 125

<212> PRT

<213> Homo sapiens

<400> 25
Gln Val Gln Leu Val Gln Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ala Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Ser Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
€65 70 75 80

Leu Gin Met Asn Ser Leu Arg Asp Glu Asp Thr Ala Val Tyr Tyr Cys

85 90 95
Ala Arg Asp Tyr Gly Gly Gln Pro Pro Tyr Tyr Tyr Tyr Tyr Gly Met
100 105 110

Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser

115 120 125
<210> 26
<211l> 125
<212> PRT
<213> Homo sapiens
<400> 26
Gln Val Gln Leu Val Gln Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
-1 5 10 15

‘Ser Leu Arg Leu Ser Cys Ala Ala Ala Giy Phe Thr Phe Ser Ser Tyr
20 25 30

Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Ser Arg Ser Arg Ser Ile Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

105
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Ph-EpCG n Gy Thr Lys Val GQu Ile Lys 100105 <210> 39 5211> 321 <212>

DNA <213> Hono sapi ens <220> <221> CDS <222> (1)..(321) <400> 39 gtc atc

tgg
Thr

gtc

tg acc cag tct cca tcc tca ctg tct gca tct gta gga 48 Val Ile Trp Val
LhGS’érMEPr%STSéFrSéP bed 2SR GIN &SPSéfPr\Ma Yy TYSTOESCYSWKI - 375PC gac aga
acc atc act tgf3 cgg acg agt cag (bgt att agc agc ng 96 Asp Arg Val Thr

Ile TN 2QY Sl 8,18y 285 & o Yorbl 8,560 S85 H.P 1902230y tta gcc tgg tat cag

cag
Pro
ggg
Pro
agc
Leu
tac
Arg

aaa cCa gagpm@aa gcC cct gagoeetc ctg atcldd Ley Ara p Tyr Gn Gn Lys
Gu Lys Ala Pro Qu Leu Leu Ile 354045 tat gct gca tcc agt ttg caa agt
i Vet drpcelvagdn tGly aAge TYyd/bI2Ty vaplerAber Ser Ser Leu G n Ser @y Val
Ser ArgtlPhe Ser @y 505380 agt gga tct g§tpf aca gat ttc act ctc acc atc
agc ctg cag cct240 Ser Ay Ser Gy Thr Asp Phe Thr Leu Thr Ile Ser Ser
an.Prp 65707580 gaa gat ttt gca act tat tac tgc caa cag tat aat agt
col.co288 G u Asp Phe Ala Thr Tyr Tyr Cys Gn Gn Tyr Asn Ser Tyr Pro

«212> PRT
<213> Homo sapiens

<400> 27
Glu Val Gln Leu Val Gln Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ala Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 490 45

Ser Tyr Ile Ser Ser Arg Ser Lys Thr Ile Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Arg Asn Ser Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Asp Glu Asp Thr Ala Val Tyr Tyr Cys
85 -90 95

Ala Arg Asp Tyr Gly Gly Gln Pro Pro Tyr Tyr Tyr Tyr Tyr Gly Met
100 105 11¢

Asp Val Trp Gly Gln Gly Thr Thr val Thr Val Ser Ser
115 12¢ 125

<210> 28

<21l> 125

<212> PRT

<213> Homo sapiens

<400> 28
Glu Val Gln Leu Val Gln Ser Gly Gly Gly Leu val Gln Pro Gly Gly
1 5 10 , 15

Ser Leu Arg Leu Ser Cys Ala Ala Ala Gly Phe Thr Phe Ser Ser Tyr
: 20 25 30

éer Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Ser Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
&5 70 75 80

Leu Gln Met Asn Ser Leu Arg Asp Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

{06




859095 acg ttc ggc caa ggg acc aag gtg gaa atc aaa32l1 Thr Phe Gy Gn Qy
Thr LM%I\}QISP@ u lle Lys 100105 <210> 40 <211> 321 <212> DNA <213> Honp

sapi ens <220> <221> COS <222> (1)..(321) <400> 40 gaa att gtg ctc acc cag
tct cca tcc tca ctg tct gca tct gta ggg48 GQu Ile val Leu Thr Gn Ser Pro

Ser r r f I 5 g fc act tgt cgg gcg
agt c%g'g gﬁA%tfﬁgglggéy%E g%yégl%}g”%:ﬁ"?rﬂfyﬂ tl_{gﬁ %ﬁ% %}:s Arg Ala Ser G n
Gy Ile Ser Asn Trp 202530 tta gcc tgg tat cag cag aaa cca gag aaa gcc cct
aag tAsp vdlg Tap cll44GLeGlAl TarTrje Tyl THonv& sekySerPro Qu Lys Ala Pro Lys Ser
Leu Il e 35404% tat gct gca téedagt ttg caa agt25ggg gtc cca tca agg ttc agc
ggcl192 Tyr Ala Ala Ser Ser Leu Gn Ser Ay Val Pro Ser Arg Phe Set' Qdy
50556(’2?_wagzt9 gga tct ggg aca gat ttc act ctc acc atc agc agc ctg cag cct 240
Ser Q3;56f,,A y Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu G n Pro 65707580
gaa gahaitdgrrgcg act tat tac tgc caa cag tat aat agt tac cct cgg288 A u Asp
Phe Aza3zTomdysapiysis Cys G n G n Tyr Asn Ser Tyr Pro Arg

<4Q0> 29
Ala Ile Arg Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp

20 25 30
Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45
Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 &0
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu 31ln Pro
65 70 75 80
Glu Asp Phe Val Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg
85 g0 95
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105
«210> 30
«211> 107
<212> PRT
<213> Homo sapiens
<400> 30
Glu Ile Val Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

. Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Pro Arg Phe Ser Gly
50 55 60 .

+ Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

i07




8590XIREHA ¢ ggc caa ggg acc aag gtg gaa atc aaa321 Thr Phe Ay Gn Qy
Thr Lys Val GQu Ile Lys 100105 MXI-375PC <210> 41 <211> 125 <212> PRT 1
<213> Honp sapiens <400> 41 Qu Val Gn Leu Val Qu Ser Ay Ay Gy Leu Val
Gn PPP>GFY dy 151015 Ser Leu Arg Leu Ser Cys Ala Ala Ala Ay Phe Thr Phe
Ser S ;:T 7202530 Ser Met Asn Trp Val Arg Gn Ala Pro Ay Lys Gy Leu Gu
Trp Val5.3 AQaplns TYT Ile Ser Ser Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser
Val 505560 Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65704683 teu G n Met Asn Ser Leu Arg Asp Qu Asp Thr Ala Val Tyr Tyr Cys
859096 Ala 'JArngaNs;Thg'WlnGBeyr Gry Ka’rnsfg GePraprTita Ber VRIrGoyr Tyr Gy Met
1 15

Asp Arg Val Thy Ile Thr Cys Arg Thr Ser Gln Gly Ile Ser Ser Trp

20 25 30
Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Glu Leu Leu Ile
35 40 45
Tyr Ala Ala Ser Ser Leu Gln Ser Gly val Pro Ser Arg Phe Ser Gly
50 55 &0
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
655 70 75 80
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg
85 90 95
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105
<210> 32
<211> 107
<212> PRT

<213> Homo sapiens

<400> 32
Glu Ile Val Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Asn Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg
85 20 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 33

<21l> 375

<212> DNA

<213> Homo sapiens

<220>

<221> CDS
<222> (1})..(375)

i08
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100105110 Asp Val Trp Gy G n dy Thr Thr Val Thr Val Ser Ser 115120125
<210 MXI-35Re> 125 <2125 PRT <213> Hono sapi ens <400> 42 Au Val Gn Leu
Val Qu Ser Gy Ay Ay Leu Val Gn Pro Ay Ay 151015 Ser Leu Arg Leu Ser
Cys Ala Ala Ala Ay Phe Thr Phe Ser Ser Tyr 202530 Ser Met Asn Trp Val Arg
Gn A@ePrg Gy Lys Ay Leu Gu Trp Val 354045 Ser Tyr Ile Ser Ser Arg Ser

Arg SRly §tf cTYrethybeflcagAsR S8F g\éﬁlggioéglﬁ%thy&gq&/t@@ e Ty Ile Ser Arg
Asp ASn ABGLySLeAStalSelnl ey ¢y caH 7EIL586u au @nnpi\@tclgmySer Leu Arg Asp
G u Asp Thr Ala Val sTyr Tyr Cys 859095 Ala Arg Asp Tye Gy Gy Gn Pro Pro
Tyr Tyr Tyr gérctTr Ay Met 100105110 Asp Val Trp Gy Cin GI%/? Thr Thr Val
The L 2 S fLe%1§2?@§%252‘5§2§?°> 5 P11 49 SEpL95: PRT A -SroPC

30

agc atg aac tgg gtc cgc cag get cca ggg aag ggg ctg gag tgg gtt 144
Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

tca tac att agt agt aga agt aga acc ata tac tac gca gac tct gty 192
Ser Tyr Ile Ser Ser Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser Val
50 55 60

aag ggc cga ttc acc atc tcc aga gac aat gec aag aac CCa ctg tat 240
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

ctg caa atg aac agce ctg aga gac gag gac acg gct gtg tat tac tgt 288
Leu Gln Met Asn Ser Leu Arg Asp Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

gcg aga gat tac ggt ggt caa ccc cct tac tac tac tac tac ggt atg 336
Ala Arg Asp Tyr Gly Gly Gln Pro Pro Tyr Tyr Tyr Tyr Tyr Gly Met
100 105 110

gac gtc tgg ggce caa ggg acc acg gtc acc gtc tce tea 375
Asp Val Trp Gly Gln Gly Thr Thr val Thr Val Ser Ser
115 120 125

<210> 34

<211> 375

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> (1) ..(375)

<400> 34
cag gtg cag ctg gtg cag tct ggg gga ggc ttg gta cag cct ggg ggg 48
Gln Val Gln Leu Val Gln Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

t¢e ctg aga ctc tcc tgtb gca goc gect gga tbc acc ttc agt agc tat 96
Ser Leu Arg Leu Ser Cys Ala Ala Ala Gly Phe Thr Phe Ser Ser Tyr
20 25 30

agc atg aac tgg gtc ¢gc cag gct ¢ca g9gg aag ggg ctg gag tgg gtt 144
" Ser Met Asn Trp Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val
o 35 40 45

tca tac att agt agt aga agt aga agc ata tac tac gca gac tct gty 19z
Ser Tyr Ile Ser Ser Arg Ser Arg Ser Ile Tyr Tyr Ala Asp Ser Val
50 55 60

aag ggc cga tLtc acc atc toc aga gac aat gec aag aac tca ctg tac 240

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 © 80

109




<213M¥e3msPsapi ens <400> 43 Au Val Gn Leu Val Qu Ser Ay Ay Ay Leu Val
Gn Pro dy @y 151015 Ser Leu Arg Leu Ser Cys Ala Ala Ala Ay Phe Thr, Phe 4
Ser Ser Tyr 202530 Ser Met Asn Trp Val Arg Gn Ala Pro Gy Lys Ay Leu Qu
Trp Val 354045 Ser Tyr lle Sﬁ; %grgéé cgér Aés Thr IIe Tyr %é% Al a Asp Ser
VaI e r Ser Leu Tyr
6570 gﬁ% ﬁ%@?%s?%aergsfeg&“ﬁs Kls‘r% %s% Af‘és Val Tyr Tyr Oys
859095 Ala Arg.- Asp Tyr Ay Ay Gn Pro Pro Tyr Tyr Tyr Tyr Tyr Ay Met
10019551362 Asp Mad oFt pyo@ yaadlOcnc Aoy T cdbreaVatacThee Vgl Ssy Seve 115120125
<2105l Arg Zep>TAR 51w BLY>GC PRPra Pra>THo iTer spi Bns T¥d00y Mek G u Val G n Leu
Val G n Ser G}/Q‘Gy Ay Leu Val'%&in Pro Ay dy!1%1015 Ser Leu Arg Leu Ser

Cys Aéllcagt:l atgg ggc ch %@% ;_Chcr acpgrr]egt§e£c<:s%{:c T%rc gCOaZSBO

Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120 125

375

<210> 35

<211l> 375

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222 (1) ..{(378)

<400> 35
gag gtg cag CcLg gtg cag tct ggg gga ggc ttg gta cag cct ggg ggy 48
Glu Val Gln Leu Val Gln Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

tcec ctg aga ctc tecc tgt geca goec get gga Ltte acce thte agt age tat 96
Ser Leu Arg Leu Ser Cys Ala Ala Ala Gly Phe Thr Phe Ser Ser Tyr
20 25 30

age atg aac tgg gtc ¢gc cag gct cca ggg aag ggg ctg gag tgg gtt 144
Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

tea tac att agt agt cgt agt aaa acc ata tac tac gca gac tct gtg 192
Ser Tyr Ile Ser Ser Arg Ser Lys Thr Ile Tyr Tyr Ala Asp Ser Val
50 55 60

aag ggce cga ttc acce at¢ tec aga gac aat gooc agg aac tca ctg tat 240
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Arg Asn Ser Leu Tyr
65 70 75 80

Ctg caa atg aac agc c¢tg aga gac gag gac acg gct gtg tat tac tgt 288
Leu Gln Met Asn Ser Leu Arg Asp Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

gcg aga gat tac ggt ggt caa ©¢C ¢Ct tac tac tac tac tac ggt atg 336
Ala Arg Asp Tyr Gly Gly Gln Pro Pro Tyr Tyr Tyr Tyr Tyr Gly Met
: 100 105 110

éac gtc tgg ggc caa ggyg acc acg gtc acc gtc tcc tca 375
~ Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
1 115 120 125

<210> 36

<211> 375

<212> DNA

<213> Homo sapiens

10
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Ser Met Asn Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Qu Trp Val 354045 Ser
Tyr IM&13dpPSer Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser Val 505560 Lys Qvy
Arg Phe Thr Ile Ser Arg Asp Mh Ala Lys Asn Ser Leu Tyr 65707580 Leu G n Met
Asn Sgh,leu Arg Asp Gu Asp Thr Ala Val Tyt Tyr Cys 859095 Ala Arg Asp Tyr
Gy éﬁlﬁd@SPro Pro Tyr H's Tyr Tyr Tyr Gy Met 100105110 Asp Val Trp Ay

G n Qp2dhnyThes7¥al Thr Val Ser Ser 115120125 <210> 45 <211> 107 <212> PRT
<213> Honp sapiens MXI-375PC <400> 45 Asp Ile Gn Met Thr Gn Ser Pro Ser
Ser l<@@0se® Ala Ser Val Gy 151015 Asp Arg Val Thr Ile Thr Cys Arg Ala Ser
G n @§ §4% CBRICtIePLITEPT AFA5ITY P8R MWCat ¥ FETVRRIGH GFf 99¢s P du Lys Al a
Pro 138 G CLR IR W REAB457TSY RiA Ci%lgaL%P]aéeGrlnL]é{P é}‘gl Q¥ dy val Pro Ser
Arg Phé Ser @y 505560

tcc ctg aga cte tcc tgb gca goc gct gga ttce acc £te agt agc tat 96

Ser Leu Arg Leu Ser Cys Ala Ala Ala Gly Phe Thr Phe Ser Ser Tyr
20 25 30

agc atg aac tgg gtc cge cag goct cca ggyg aag ggyg ctg gag tgg gtt 144
Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

35 49 45

fca tac att agt agt aga agt aga acc ata tac tac gca gac tct gty 192
Ser Tyr Ile Ser Ser Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser Val
50 55 60

aag ggc cga Lttc acc atc tee aga gac aat goc aag aac tca ctg tat 240
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

ctg caa atg aac agc ctg aga gac gag gac acg gct gtg tat tac tgt 288
Leu Gln Met Asn Ser Leu Arg Asp Glu Asp Thr Ala vVal Tyr Tyr Cys
85 90 95

gcg aga gat tac ggt ggrt caa ccc cct tac cac tac tac tac ggt atg 336
Ala Arg Asp Tyr Gly Gly Gin Pro Pro Tyr His Tyr Tyr Tyr Gly Met

100 105 110

gac gtc tgg ggc caa ¢ggg acc acg gtc acc gtc tcc tca 375
Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser

115 120 125
<210> 37
«211l> 321
<212> DNA
<213> Homo sapiens
<220>
<221> CDS

<222> (1)..(321)

<400> 37

gcc atc cgg atg acce cag tct cca tee tea ctg tot gca tcet gta gga 48
Ala Ile Arg Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

-1 5 10 15

‘gac aga gtc acc atc act tgt cgg gcg agt cag ggt att agc age tgg 96
Agp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp

", 20 25 30

t:

Eta gce tgg tat cag cag &aa cCa gag aaa goc cct aag tcc ctg atce 144
Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

tat gct gca tcc agt ttg caa agt ggg gtc cca tca agyg ttc age gge 132

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

{11



Ser ®YI-B&fP@3d y Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu G n Pro 65707580
G u Asp Phe Val Thr Tyr Tyr Cys G n Gn Tyr Asn Ser Tyr Pro Arg 859095 Thr
Phe G%@G nt_scgy Thr Lys \t/al Au IIe Lys 100105 %0> 46 ;21%2%107 <212> PRT
<21399 o) 4% 2AS U9 MSC TR ncaSeFC ro r Ser Leu Ser
AR L L SR o ser Gn Gy ile
Ser Ser Trp 202530 Leu Ala Trp Tyr Gn Gn Lys Pro Qu Lys Ala Pro Lys Ser
Leu bie 30404550y fachl @atALa SGE SR chLUal ducSagr GaY @l cff o BE® Arg Phe Ser
Gy 505360 Ber vdl yhbeTyrAryr The AspcBhayThasn eer Tyt BdoeatSer Ser Leu G n Pro
65707580 G u Asp PlBé Ala Thr Tyr Ty#0Cys G n G n Tyr35Asn Ser Tyr Pro Arg

859095 Thr Phe Ay Gn Ay Thr Lys Val Qu Ile Lys
acg LEC gge caa ggg acc adg gtg gda atc aaa 321
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys

100 1a5

<210> 38

«211> 321

<212> DNA

<213> Homo sapiens

<220>
<221> CDS
<222> {1)..(321)

<400> 38
gaa att gtg ctc acc cag CLet cca tec kca ctg CCt gca tct gta gga 48
Glu Ile val Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

gac aga gtc acc atc act tgt cgg gcg agt cag ggt att age agc tgg 96
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

tta gcc tgg tat cag cag aaa cca gag aaa gcc cct aag tec ctg atc 144
Leuv Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

tat gct gca tcc agtb ttg caa agt ggg gtc cca cca agg ttc agce ggc 192
Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Pro Arg Phe Ser Gly
50 55 60

agt gga tct ggg aca gat ttc act ctc acc atc agc agc ctg cag cct 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 8¢

gaa gat ttt gca act tat tac tgc caa cag tat aat agt tac c¢ct cgg 288
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg

85 90 95
acg ttc ggc caa ggg acc aag gty gaa atc aaa 321
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105
<210> 39
<211> 321
<212> DNA
<213> Home sapiens
T <220
<221> CDS

<222> (1})..(321)

<400> 39

gtc atc tgyg gty acc cag tct cca tec tca ctg tef gea tot gta gga 48
Val Ile Trp Val Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Vval Gly

-1 5 10 15

(12




100105 <210> 47 <211> 107 <212> PRT <213> Hono sapi ens <400> 47 Asp Ile Gn
t MX-&/HPSer Pro Ser Ser Leu Ser Ala Ser Val dy 151015 Asp Arg Val Thr
Thr Cys Arg Thr Ser Gn Ay Ile Ser Ser Trp 202530 MXI-375PC Leu Al a

I I e
O Bl R e B A T

Ser Val 2pro Ser Arg Phe

Eta gocc tgg tat cag cag aaa Ccca gag aaa gcc cct gag ctc ctg atc 144
Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Glu Leu Leu Ile
35 49 45

tat gct gca tcc agt ttg caa agt ggg gte cca tca agg ttc agc ggc 192
Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

agct gga tct ggg aca gat ttc act ctc acc atc agc agc Cctg cag cct 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

gaa gat bttt gca act tat tac tgc caa cag tat aat agt tac cct cgyg 288
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg
85 20 95

acg ttc ggc caa ggg acc aag gtg gaa atc aaa 321
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 40

<211 321

<212> DNA

<213> Homo sapiens

«<220>
<221> CDS
<222> {1)..{321)

<400> 40
gaa att gtg ctc acc cag tet cca tec tca cbg tect geca tct gta ggg 48
Glu Ile Val Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

gac aga gtc acc atc act tgt cgg gcg agt cag ggt att age aac tgg 96
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Glan Gly Ile Ser Asn Trp
20 25 30

tta gcc tgg tat cag cag aaa cca gag aaa gcc cct aag tcc ctg atc 144
Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

tat get gea tee agt ttg caa agt ggg gte cca tca agg tec age ggc 192
Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

.agt gga tct ggg aca gat ttc act ctc acc atc agc agc ctg cag ccc 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

gaa gat ttt gcg act ktat tac tgc caa cag tat aat agt tac cct cgg 288
Glu asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg
85 90 95

acg ttc ggc caa ggg acc aag gtg gaa atc aaa 321
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105




5560 MPKE3TSRC Leu Thr Ile Ser Ser Leu Gn Pro 7580 Tyr Cys Gn G n Tyr Asn
Ser Tyr Pro Arg 9095 Thr Phe Ay Gn Ay Thr Lys Val Qu Ile Lys 100105
<210> 48 <211> 107 <212> PRT <213> Hono sapi ens <400> 48 Asp Ile G n Mt
Thr &HO>SéE Pro Ser Ser Leu Ser Ala Ser Val @y 151015 Asp Arg Val Thr lle
Thr ?A ,?,Ala Ser Gn Ay lle Ser Asn Trp 202530 Leu Ala Trp Tyr Gn Gn
Lys PEp; 2 mgﬁ)égp A Pro Lys Ser Leu Ile 354045 Tyr Ala Ala Ser Ser Leu G n
Ser y Va er Arg Phe Ser Ay 505560 Ser Ay Set Ay Thr Asp Phe Thr
Leu Thgos ke Ser Ser Leu G n Pro 65707580 A u Asp Phe Ala Thr Tyr Tyr Cys
G n Giw VEyrGlAspeberl Tyru Beo ArgcB58095.ethvalPhen Gy @wnc@'y Thr Lys Val Qu
Ile Lys 100105 5 10 13

Ser Leu Arg Leu Ser Cys Ala Ala Ala Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Ser Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser Val

50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr

65 70 75 890
Leu Gln Met Asn Ser Leu Arg Asp Glu Asp Thr Ala Val Tyr Tyr Cys

85 90 95
Ala Arg Asp Tyr Gly Gly Gln Pro Pro Tyr Tyr Tyr Tyr Tyr Gly Met
100 105 110
Asp Val Trp Gly Gln Gly Thr Thr val Thr Val Ser Ser
115 120 125

<210> 42
<211> 125
<212> PRT

<213> Homo sapiens

«<400> 42 .
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ala Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Ser Arg Ser Arg Ser Ile Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

JLeu Gln Met Asn Ser Leu Arg Asp Glu Asp Thr Ala Val Tyr Tyr Cys
85 30 95

}5 Ala Arg Asp Tyr Gly Gly Gln Pro Pro Tyr Tyr Tyr Tyr Tyr Gly Met
‘ 100 105 110

Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 1290 125

<210> 43

<211> 125
«<212> PRT

114
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<210> 49 <211> 98 <212> PRT <213> Hono saplens <400> 49 du Val Gn Leu Va
Au %?ﬂ'@—@P@y Gy Leu Val Gn Pro Ay @y 151015 Ser Leu Arg Leu Ser Cys
Ala Al a Ser Gy Phe Thr Phe Ser Ser Tyr 202530 Ser Met Asn Trp Val Arg G n
A a Prg,d #Xéa Y- Leu Gu Trp Val 354045 Set Tyr Ile Ser Ser Ser Ser Ser
Thr Ile Tyr a Asp Ser Val 505560 MXI-375PC Lys Ay Arg The Thr Ile
Ser AngoAsp Asn Ala Lys Asn Ser Leu Tyr 65707580 Leu G n Met Asn Ser Leu
Arg Asp GWGHAspethvalAbau \fale iy GTyrGlEys859098 nAbe Atg ®’210> 50 <211> 95
<212> PRT <213> Hon® sapi ens <400> 30 Asp Ile Gn Mefi5Thr Gn Ser Pro Ser
Ser eu Ser Al a Val dy 151015 As Val Thr Ile Thr Cys Arg Ala Ser

éiei? 8 eAﬁrLe e‘cl’erT?}Ss fdéS%](? ﬁ‘é@] GAP’aPhFr %h"’l'frhed"% &h ™s Pro Qu Lys Ala

Pro Lys Ser Leu | e

Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Tyr Ile Ser Ser Arg Ser Lys Thr Ile Tyr Tyr Ala Asp Ser Val

50 55 60
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Arg Asn Ser Leu Tyr
65 70 75 : 80
Leu GIln Met Asn Ser Leu Arg Asp Glu Asp Thr Ala val Tyr Tyr Cyé
85 30 95
Ala Arg Asp Tyr Gly Gly Gln Pro Pro Tyr Tyr Tyr Tyr Tyr Gly Met
100 105 110
Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
115 120 125
<210> 44
<211> 125
«212> PRT
<213> Homo sapiens
<4Q0> 44
Glu Val Gln Leu Val Gln Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ala Gly Phe Thr Phe Ser Ser Tyr
20 25 30

Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp val
35 40 45

Ser Tyr Ile Ser Ser Arg Ser Arg Thr Ile Tyr Tyr Ala Asp Ser Val
50 55 50

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr

65 70 75 80
Leu Gln Met Asn Ser Leu Arg Asp Glu Asp Thr Ala Val Tyr Tyr Cys
. 85 90 95
‘Ala Arg Asp Tyr Gly Gly Gln Pro Pro Tyr His Tyr Tyr Tyr Gly Met
100 105 110
“ Asp Val Trp Gly Gln Gly Thr Thr Val Thr val Ser Ser
115 120 125
«210> 45
<21ll> 107
<212> PRT

<213> Homo sapiens

{15




3540M6XI37SPAl a Ala Ser Ser Leu Gn Ser Ay Val Pro Ser Arg Phe Ser @ y
505560 Ser Ay Ser Gy Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu A n Pro. ,
65707580 G u Asp Phe Ala Thr Tyr Tyr Cys G n Gn Tyr Asn Ser Tyr Pro 859095

<210S 1> 35 2> S S Mt Qu Ay lle
Ser 118 gﬁi?&f'hr %h @ i\s Zslefhser eu(ﬁaepr %/Eat Sf%l 5 y Ser Ay Asp Tyr
©

Asp Ser Met Lys Glu Pro Cys Phe Arg Glu A u 202530 Asn Al a Asn Phe Asn Lys
| | e Bhe akgwaRr onrdhne lie dyd abgralal ged loen 354040 Bhe derurdhr Ay Ile Val Ay
Asn Gly Leu Val2dle Leu Val Met 2@y 505560 Tyr &Bm Lys Lys Leu Arg Ser Met
Thr Lys Tyr Arg Leu Hs Leu 65707580 Ser Val Al a AS:P Leu Leu Phe Val
[T i A& BrPREn I W PggI IS a0081s S2o tys Ser Lo Tl

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro

65 70 75 80

Glu Asp Phe Val Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg
85 30 95
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
160 105

<210> 46

<21i> 107

<212> PRT

<213> Homo sapiens

<400> 46
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Pro Arg Phe Ser Gly
50 55 50

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
&5 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gla Gln Tyr Asn Ser Tyr Pro Arg
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 47

<211> 107

«212> PRT

«213> Homo sapiens

<400> 47
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Thr Ser Gln Gly Ile Ser Ser Trp
20 25 30

(16
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Asp Ala Val Ala Asn Trp Tyr Phe Ay Asn Phe Leu Cys Lys Ala Val 100105110
Hi s WAKI-BF&PCyr Thr Vval Asn Leu Tyr Ser Ser Val Leu Ile Leu Ala 115120125
MXI - 375PC Phe Ile Ser Leu Asp Arg Tyr Leu Ala Ile Val Hs Ala Thr Asn Ser
130135140 G.n Arg Pro ArgL Lys Leij Leu Ala GQu_Lys Val Vval Tyr val @y Val
145156155 P60 B BT 1 T8 Prd AP et L SUCLEE TR S e B‘Q'AslgePhe Ile Phe Ala
Asn 16517017%5 Val Ser Qu Ala Asp Asp Arg Tyr I5I e Cys Asp Arg Phe Tyr Pro
Asn 590103186 Asp 48ULdE B1YaderValy Yah BRes& mrBhenGear iy |le Met Val Qy
Leu 195203@205 Ile Leu Pros&dy Ile Val Ile keu Ser Cys Tyr Cys lle lle Ile
Ser 210215220 Lys Leu Ser H's Ser Lys Qy Hs Gn Lys Arg Lys Ala Leu Lys
Thr $2528023s2 40y THI- Yep FrpeT™hreley IT@rLEYf APR SPHeLPhEVAIBEOCys Trp Leu Pro
Tyr TYP 245250255 Ile By Ile Ser Ile Asp Ser Phe Ile LEJ Leu Qu Ile Ile

Lys 91{} P?s%ogﬁesgﬁg Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg
85 30 35

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 48

«21i> 107

<212> PRT

<213> Homo sapiens

<400> 48
Asp Ile Glmn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Gly Ile Ser Asn Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 50

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile $Ser Ser Leu Gln Pro
65 70 75 ' 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Arg
8s 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 4%

<211> 98

<212> PRT

<213> Homo sapiens

<400> 49
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Lew Val Gln Pro Gly Gly
1 5 10 15

, Ser Leu Arg Leu Ser (Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
n 20 25 30

Ser Met Asn Trp Val Arg Gln Ala Pro Gly Lysg Gly Leu Glu Trp Vval
35 40 45

Ser Tyr Ile Ser Ser Ser Ser Ser Thr Ile Tyr Tyr Ala Asp Ser val
50 55 60

117




Gy ys1-8&¥3pdhe Au Asn Thr Val His Lys Trp Ile Ser Ile Thr A u 275280285
Ala Leu Ala Phe Phe H's Cys Cys Leu Asn Pro Ile Leu Tyr Ala Phe 290295300
Leu Ay Ala Lys Phe Lys Thr Ser Ala Gn Hs Ala Leu Thr Ser Val '
305318 B33 2% 9SERe Ay G_Q/ SSRrArgeksr 88N IALG IyseAsRfeSereU f¥T Ay Lys Arg Ay
Ay 395330335 His Ser ®er Vval Ser Thr Gu Ser Au Ser SB? Ser Phe His Ser

Ser <2113 .20, 52443 <2 L ens <400> 52 Tyr

Tyr ?é?ﬁ??é‘%?% ﬁﬁ?/éet“ %5%13\5/ |Gli"r2p§‘§3§%1r? ?’; T?Erp“és nal 151015 Thr val
Ser Ser 20 <210> 53 <211> 11 <212> PRT <213> Honp sapi ens <400> 53 Thr Phe
Gy BEaay Thr Lys Val Gu Ile Lys 1510

<210> 50

«211> 85

<212> PRT

<213> Homo sapiens

<400> 50
Asp Tle Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 i0 15
Agsp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30
Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45
Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro
85 90 95
<210> 51
<211l> 352
<212> PRT

<213> Homo sapiens

<400> 51
Met Glu Gly Ile Ser Ile Tyr Thr Ser Asp Asn Tyr Thr Glu Glu Met
1 5 10 15

Gly Ser Gly Asp Tyr Asp Ser Met Lys Glu Pro Cys Phe Arg Glu Glu
20 25 30

Asn Ala Asn Phe Asn Lys Ile Phe Leu Pro Thr Ile Tyr Ser Ile Ile
35 40 45

Phe Leu Thr Gly Tle Val Gly Asn Gly Leu Val Ile Leu Val Met Gly
50 55 60

Tyr Gln Lys Lys Leu Arg Ser Met Thr Asp Lys Tyr Arg Leu His Leu
65 70 75 80

s Ser val Ala Asp Leu Leu Phe Val Ile Thr Leu Pro Phe Trp Ala val
‘ 85 90 35

Asp Ala Val Ala Asn Trp Tyr Phe Gly Asn Phe Leu Cys Lys Ala Val
100 105 . 110

Hisg Vval Ile Tyr Thr Val Asn Leu Tyr Ser Ser Val Leu Ile Leu Ala
115 120 125
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VWhat is clainmed: |. An isol ated human nonocl onal anti body, or an
ant i JdXIB7ABCNg portion thereof, S5wherein the antibody binds to native
human CXCR4 expressed on a ceII surface 2 The antibody of claim1, wherein
t he antlbod i nhi bits _bin to n CXCR4. 103. The anti body of
clai m*%,? ) ’élLﬁutzf\ﬁsé) ﬁﬁ?@%@d e‘ﬂéé% %%Stv"i‘]hﬁ{ @mal TdiPRY BF SDF-1 to human
CXCR4 4. e anti body of Cclaim 1, which |nh|b|ts SDF- 1-i nduced cal ci um fl ux
I N CeIhSARXPESFGNGyNUERNLLXEFA 614 3yB. vadh@adntirbogy caf wiai m |, which

i nhi hiats SDF- 1-i nducedsoi gration of cel$4s expressing huraan CXCR4.

6. The antibody of claim11, which inhibits capillary tube formation by
humarFrROHFOPFP ddf It'%‘] heeridot Fed iTaf Rgel hsp Phy 1IphBraAte Bdy of claim 1,

whi ch i nduces apop ©sis in cells exfPessi ng human CX®R4. 258. The anti body
of cl i ts.0 i 0 f, CXCR4+ t unor

cell sy%ilnr@e\]ﬁ \%\@ ?Cl% #ﬂég%n%gb{é%wigg CH{CYI alg%lg?g\/\fﬁ%r gﬁ%gu "ant | body binds to
human CXCR4 with a Kr) of Ix 10-7Mor less. 30 10. The anti body of claim
9, whepelsu Sap daantalbedy Hhends: tPbe ilmani CXCRMan Y4l &1KDeof 5 x 10 M or
less. li. AﬁSisoIated hunan2¢fonocl onal antibﬁ@y, or an anti gen-bi ndi ng
portign there c: wherei n the ant bgﬁy éa) ﬁg?s {o ative human CXCR4
expres§e ‘é)ﬁ“é ¢l flesffﬂaﬁg L¥bhyer nfebl ®ng eofI "1 to human CXCR4,
5(c) inhibits SDF-1-induced cal ci um fl ux |n ceIIs expressi ng human CXCR4;
(d) 1R8I Rid 8eSDhs!| sdndysat ymi gy 8hh Ay sOhrg el b Sniexpiesss nerehuman CXCR4;  and
(e) izabi bits capillarg3tube formation by human unbi |l 1 cadaovei n endot hel i al

cells. 12 The antibody of claim 11, which induces apoptosis in
cel | Fhexyrledss ﬁguhg}mﬁeu Ala Phe Phe Ala Cys Trp Leu Pro Tyr Tyr
250 255

Ile Gly Ile Sexr Tle Asp Ser Phe Ile Leu Leu Glu Ile Ile Lys Gln
260 265 270

Gly Cys Glu Phe Glu Asn Thr Val His Lys Trp Ile Ser Ile Thr Glu
275 280 285

‘ Ala Leu Ala Phe Phe His Cys Cys Leu Asn Pro Ile Leu Tyr Ala Phe
290 2395 300

Leu Gly Ala Lys Phe Lys Thr Ser Ala Gln His Ala Leu Thr Ser Val
305 310 315 320

Ser Arg Gly Ser Ser Leu Lys Ile Leu Ser Lys Gly Lys Arg Gly Gly
325 330 335

His Ser Ser Val Ser Thr Glu Ser Glu Ser Ser Ser Phe His Ser Ser
340 345 350

<210> 52

<211> 20

<212> PRT

<213> Homo sapiens

<400> 52

Tyr Tyr Tyr Tyr Tyr Gly Met Asp Val Trp Gly Gln Gly Thr Thr Val
1 5 10 15
JThr Val Ser Ser

20

<210> 53

<213i> 11

<212> PRT

<213> Homo sapiens

<400> 53

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys

1 5 10

{19



10CXCR4 13. The antibody of claimll, which inhibits growth or induces
apoptosis of CXCR4 tunor cells in vivo 1514. The antibody of claimll,

whi ch inhibits binding of SDF-1 to hunman CXCR4 with an EC50 of 50 nM or

| ess. 15. The antibody of claim 11, which inhibits SDF-1-induced cal ci um
flux in cells expressing human CXCR4 wth an EC50 of 3 nMor |less. 20 16.
The anti body of cla|n1ll whi ch inhibits SDF-1-induced mgration of cells
expressing hu hit &%¢864't h an EC50 of 50 nM or | ess. 17. An isolated
human nonocl onal anti body, or antigen binding portion thereof, 25wherein

t he anti body cross-conpetes for binding to CXCR4 wth a reference anti body,
wherein the reféreﬁtedaﬁﬂhWGmymemnbrmee@bmbapra)MEgmyMUhagpomamﬂmhbe regi on
conpri sings t he i 5 and chai n

vari abl e ?Segl on%%rtﬁgl %&ﬁﬁﬁ@% I’tlo naa{lélf ”"s"é"qéleggga BPeY O'i' 9?\!&5”?@? or
30(b) a heavy chain variable region conpr|5|ng the am no acid sequence of
SEQ ID NO 26 a | ight, c ari abl on. conprising the amno acid
sequence of SEC? Si%g’ g am{ﬁ?“ﬁ“ﬁ% @%ﬁyﬁﬂveﬁﬁﬁﬁﬂéCfé&ﬁbhmconpr|S|ng
the am no acid seqye@xggqf SEQ I D NO 27 and a light chain variable region
conprising the am no acid sequence of SEQ ID NO 31; or (d) a heavy
chain variable region conprising the amno acid sequence of SEQ 5/D NO 28

ond g, ! 5o chab rREhaRle of GRRPT ARIRL 1S LRGN BA TS BRLhaRRANSRES, of SEQ

ID NO 32. 18. An isolated ronoclonal anti bo an SNt i ndi ng

portion ther eof tacdomaniG{GRA. a heavy chain varlable region that is the

product of or derived froma 10human \in 3-48 gene, wherein the anti body
specifically binds human CXCR4. 19. An isol ated nonocl onal anti body,
or an antigen- b nahagnmny iobelaitrh g vehixdh, inla bitgS DS i Hgdued Eagthiim BhRIMcenar i abl e
region that is the rog e% gr derived froma 15human VK LI 5 gene,

wherei n the ant PHOHY"8 YR FE5R Yy bi nds human CXCR4. 20. An isol ated
nonocl onals anti body, or an antigen-binding portion thereof, conprising a

heavy chain variable region that is the product of or derived froma hunman
5. The antibody of claim I, which inhibits SDF-1-induced migration of cells

expressing human CXCR4.

6. The antibody of claim 1, which inhibits capillary tube formation by human

20 umbilical vein endothelial cells.

7. The antibody of claim 1, which induces apoptosis in cells expressing human
CXCR4.

25 8. The antibody of claim 1, which inhibits growth or induces apoptosis of CXCR4"

tumor cells in vivo.

9. The antibody of claim 1, wherein said antibody binds to human CXCR4 with a
Kpof 1 x 107 M or less.
30

10. The antibody of claim 9, wherein said antibody binds to human CXCR4 with a
Kp of 5 x 10® M or less.
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20V1.1 3-48 gene and a light chain variable region that is the product of
or derived froma human Vic L15 gene, wherein the antibody specifically
bi nds human CXCR4. 21 The anti body of claim 1, which conprises:

(a) a heavy chain variable region CDR I conprising SEQID NO 1; 25(b) a
heavy chain vari abI e region CDR2 corrpri sing SEQ I D NO 5 (c) a

heavy chain var | | e regj.on CDR3 co i SEQ | D (d t chain
vari abl e regi on '§° '%%eraé’lnh(ﬁ'ogﬁ P! StN%g of gnantigen- md"(fve‘3 “)aO"NP > chai n

vari abl e regi onwkdiRR tHeQ@RBbddyt Ng SEQ ID NG 17; and (1) a |ight chal n
vari abl e region CDR3 conprisin QID NO 21. 30 22. The antibody of claim
|, which conprises (a)(t&')dséo n@w%ueﬂapﬁ%rqxaﬁ%d pagicghs\dR¥ conpri si ng SEQ

ID NO 2; (b) a heany I @&BﬁconprlsmgSEQlD 6;
(c) a heavy chain @rl{lg Réelﬂ?de’;g;% bARe) “?g‘é'{r?r%‘r. sing SEQ ID NO 10; (d) a

| i ght chaPn vari abk® lnlegltbwmmdtcgdwwcrlsmrﬂyxgE@IB E)(;N@smlztuméeﬁX@RML ght
chai n variabl e regign CE)RZ (f) a
| i ght chain vari abl(@ DB Sﬁ%g%%éuceé]%' E%n Olpéggef(ﬂeﬁ@é’qﬁ'?ag%c%e ant i body

of claim1, which «;«)nphnbse&p:ll(a@)tuhe fmamwndiyaiumavambaxbhleuernagﬂﬁthelGDEélls
conprising SEQID NGO 3; (b) a heavy chain variable region CDR2 conpri sing
SEQID NGO 7; (c) a heavy chain variable region CDR3 conprising SEQ | D NO

11; 10(d) a Iight T6B ahtibod o ARINE1 I 8B BNnddloRlapeSIBIE inSdeNgexSF&sihPhiNin 15; (€)
a light chain variable region CDR2 conprising SEQ ID NO 19; and (1) a
light chdPn var¢86Re region CDR3 conprising SEQ ID NO 23. 24. The antibody
of claim1, which conprises: 15(a) a heavy chain variable region CDR I
conprising SEQ I D NGO 4;

13. The antibody of claim 11, which inhibits growth or induces apoptosis of

CXCR4" tumor cells in vivo.

15 14. The antibody of claim 11, which inhibits binding of SDF-1 to human CXCR4
with an ECso of 50 nM or less.

15. The antibody of claim 11, which inhibits SDF-1-induced calcium flux in cells
expressing human CXCR4 with an ECsg of 3 nM or less.

20
16. The antibody of claim 11, which inhibits SDF-1-induced migration of cells
expressing human CXCR4with an ECsg of 50 nM or less.

17. An isolated human monoclonal antibody, or antigen binding portion thereof,
25 wherein the antibody cross-competes for binding to CXCR4 with a reference
antibody, wherein the reference antibody compnses:
(a) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO: 25 and a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 29; or
30 (b) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO: 26 and a light chain vanable region comprising the amino acid
sequence of SEQ ID NO: 30; or
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(b) a heavy chain variable region COR2 conprising SEQ ID NO 8; (c) a heavy
chain variable region CDR3 conprising SEQ ID NO 12: (d) a light chain

vari abl e region CDRL conprising SEQ I D NO 16; (e) a light
chain variable region COR2 conprising SEQ ID NO 20; and 20(f) a light
chain variable region CDR3 conprising SEQ ID NO 24. 25 An isolated

monocl onal anti body, or antigen binding portion thereof, conprising: (a) a
heavy chain vari abl® p&gVEEheB b e OB ROAPASIE theingegidermencsaif é€Qed from
the group consisting gbNeEQy IR Mot caln 28idetbs 8np AN FolBhodil! oht
chain variable region conprising an am no acid” sequence “sel ected Tromthe
group consi sting of SEQumeNOSEQID-N: Hnadr 45543; V\/Perfain tgg a\r/:;]! body
specifically binds n _CXCR4. 2 The anti bo of cl ai. , I

cgrrpri ses: %0( a) a @gg@?ﬁ"@ﬁgﬁl‘?ﬂ W\’/réa;%ljcarﬁég'gn F%’&wagyé TS AHG SERE Y %g_Qaci d
sequence of SEQ | D NOID 2&): @B add s lign@hdil yartable rgdibn edtaprizingakd #ahe adiggi on
conprising the am no acid segg Q Sé\?(% SEQ ID NO 29 or 45. 27 The anti body
of claim25, which coffptf¥es’ ? )cl eavy chain variabl e region conpri si ng
the amino acid sequence of SEQ ID NO 26 or 42; and (b) a light chain
variabl e region conprising the am no acid sequence of SEQ ID NO 30 or 46.
28. The anti body8dfn isplatedmpsoclepai atiibedymer prsangigen-binding portion thereof, (a) a
heavy chain variahle:regi.on ganprising the, amno acid sequence. of - 10SEQ
| D Né 27 or 43;“92’16' 'nzgg?%l'“é"l %S'H't"‘clr:'ﬁ‘éifge variabl e fegion Conprising“the anino
aci d sequkhce ohuBEQ I B4RI@ene31 or 47. 29. The anti body of clhai m 25, whi gh
conprises: 15(a) a,heavy chain vari .regi on j sing the am no aci
segEence of S(EQ) | D'RG” %ﬁargﬁmaﬁfpeéﬁﬁ%%m%q]ufﬁﬂt 4'n vari abl e region
conprising the am no acid sequence of SEQ ID NO 32 01 48.

19. An isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising a light chain variable region that is the product of or derived from a

15 human Vi L15 gene,
wherein the antibody specifically binds human CXCR4.

20. An isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising a heavy chain variable region that is the product of or derived from a human
20 V4 3-48 gene and a light chain variable region that is the product of or derived from a

human Vi L15 gene, wherein the antibody specifically binds human CXCR4.

21. The antibody of claim 1, which comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: I
25 (b) a heavy chain variable region CDR2 comprising SEQ ID NO: S;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO: 9:
(d) a light chain vanable region CDR1 comprising SEQ ID NO: 13;
() alight chain variable region CDR2 comprising SEQ ID NO: 17; and
(f) alight chain variable region CDR3 comprising SEQ ID NO: 21.
30
22 The antibody of claim 1, which compnises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO: 2;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO: 6;
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2030. A conposition conprising the antibody, or antigen-binding portion
thereof, of claiml,and a pharmaceutically acceptable carrier. 31. An

i mrunoconj ugate conprising the antibody, or antigen-binding portion
thereof, of claim1, linked to a therapeutic agent. 32. A conposition
conprising the i munoconjugate of claim31 and a pharmaceutically
acceptable carrier, 33, The. i N of ¢l ai gfein the

t her apeuti c agent Ecl)sa?héeméyy %i"o@gﬁl"%%@ﬁ‘%"%ﬁ%ﬁ&f‘% n%ognﬁ(gltj)Dngﬁjzé’ng t he

i mrunoconj ugat e ofd)cllghnthiad andbla regiar OBR eudrmeatdgySEEOepOablie carrier.

35. The i nmunocon;j t f.claim31, inthe t tic agent is a
radi oactive isot ojﬁfgg‘a"gﬁt chain Va§8&1€ﬁ?gé%‘\rﬂ1€l§}é?f?"6ﬂ's%%ngﬁ @fﬁ@'t‘ g’ea”g .

i mrunoconj ugat e off) GliahmRmn Andbie rPHCDRS ebth prstg SE@OS RipL abl e carrier.
37. An isolated nucleic acid nol ecul e encodi ng the anti body, or

anti gen-bidndi ng portionthereof, of claimi1. 1038. An expression vector

conprising the ik‘?‘?”h?&ﬁib@&yi SIfJH?:lnei?W{:?chQ mﬁ{i%gzm 37. 39. A host cell
0 :

conpri sing the expression vector cl al 40. A nethod for
preparing an anti {GIXCGReeamnthabodyiabhireghorcOpRi coreprisoegi 3 8P Mg 35t he ant i body

in the host cell qf claim 39.and jisolati he anti S t he host cell.
41. A nethod of n@’amaa'?e.%a&kbﬁﬂ‘a%'&f?%‘/?‘i@‘g?%"%m%%ﬁ”lg%{éi si'ng contacting
Eeh T hat CXORE e v b Pl ot o o e bt ot had of
suc a acti vi in.the cell is ul at ed. ) e nethod o
claim _41,10\/\,her ei n?‘éxd%’llghéﬁtﬁ'Q/Y"_tr?g'i%e%ﬂﬁggﬁjéﬂmP'_Pls”\‘ﬁi gg%“%&"%dét uring the
cell with the. ant gé)OdPVI,igh@Eheﬁrﬂ@drﬁ@l&T@gi&dCDﬁz[@thbrli vSli’(?'II?fPfO: 19; and_ 43. The
met hod of claim4l, wherein CXCR4 act|V|t¥\€’|s nmodul ated in vivo in a

25subj ect by admi fii stekighhghapvarigblesemapreePRE kemamtingrfey ID HO: 24t i gen- bi ndi ng

portion thereof 44. The nethod of claim4l, wherein the cell is a
tunor cell expressing CXCR4 and the nmethod results in inhibition of growth
of the tunor celd Toe aitibhidbofidam lofvh@dremasteasi s of the tunor cell: 46. The

met hod of .claim4l, wherein the cell is hocyt e {.nfl ammat ory
G sorder nd e Hie Hoere i Grffe s TpkY FROP RS LIRS The
met hod of cl ai m 4{p) whiesaey chaimeriaelk lregish CDRDLytRghsIing B NG iszat i on and t he
met hod results in nodul ati on. of angi ogenesis 48, A od of stimulating
mobi | i zation of cfga+ %‘?‘W}@& Yaé‘ag’gé‘?ﬁg%‘oﬁék?rﬁ?mﬂjvﬁ"t’ Fbg‘r?ér%i bl ood in a
subj ect, the method cOmM tisdhMearARIEist EDRMGorh Pridiies sQlnD 8. 1khe
(e} a light chain variable region CDR2 comprising SEQ ID NO: 20; and
20 (f) alight chain varable region CDR3 comprising SEQ ID NO: 24.

25. An isolated monoclonal antibody, or antigen binding portion thereof, comprising:
(a) a heavy chain variable region comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 25-28 and 41-44; and
25 (b) a light chain variable region compnsing an amino acid sequence selected |
from the group consisting of SEQ ID NOs: 29-32 and 45-48;
wherein the antibody specifically binds human CXCR4.

26. The antibody of claim 25, which comprises:
30 (a) a heavy chain variable region comprising the amino acid sequence of
SEQ ID NO: 25 or 41; and
(b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 29 or 45.
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10anti body, or antigen-binding portion thereof, of claim1 such that

nobi i zati on of CD34+ stemcells frombone marrow to peripheral blood is
stinmulated. 49. The nethod of claim48, which further conprises collecting
the CD34r stemcells fromthe peripheral bl ood.

27. The antibody of claim 25, which comprises:
(a) a heavy chain variable region comprising the amino acid sequence of
SEQ ID NO: 26 or 42; and
5 (b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 30 or 46.
28. The antibody of claim 25, which comprises:

10 SEQ ID NO: 27 or 43; and
(b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 31 or 47.

29. The antibody of claim 25, which comprises:
15 (a) a heavy chain variable region comprising the amino acid sequence of
SEQ ID NO: 28 or 44; and
(b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO: 32 or 48.

20 30. A composition comprising the antibody, or antigen-binding portion thereof, of

claim 1, and a pharmaceutically acceptable carrier.

31. An immunoconjugate comprising the antibody, or antigen-binding portion

thereof, of claim 1, linked to a therapeutic agent.

25
32. A composition comprising the immunoconjugate of claim 31 and a
pharmaceutically acceptable carrier.
, 33. The immunoconjugate of claim 31, wherein the therapeutic agent is a cytotoxin.
.
30

34. A composition comprising the immunoconjugate of claim 33 and a

pharmaceutically acceptable carrier.
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35. The immunoconjugate of claim 31, wherein the therapeutic agent s a

radioactive isotope.

36. A composition comprising the immunoconjugate of claim 35 and a

pharmaceutically acceptable carrier.

37. Anisolated nucleic acid molecule encoding the antibody, or antigen-binding

portion thereof, of claim 1.
38. An expression vector comprising the nucleic acid molecule of claim 37.
39. A host cell comprising the expression vector of claim 38,

40. A method for preparing an anti-CXCR4 antibody which comprises expressing

the antibody in the host cell of claim 39 and isolating the antibody from the host celt.

41. A method of modulating CXCR4 activity in a cell comprising contacting the cell
with the antibody, or antigen-binding portion thereof, of claim 1 such that CXCR4

activity in the cell is modulated.

42. The method of claim 41, wherein CXCR4 activity is modulated /» vitro by

culturing the cell with the antibody, or antigen-binding portion thereof.

43. The method of claim 41, wherein CXCR4 activity is modulated in vivo in a
subject by administering to the subject the antibody, or antigen-binding portion

thereof.
44. The method of claim 41, wherein the cell is a tumor cell expressing CXCR4 and
the method results in inhibition of growth of the tumor cell or inhibition of

metastasis of the tumor cell’

45. The method of claim 41, wherein the cell is a T cell expressing CXCR4 and the

method results in inhibition of entry of HIV into the cell.
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46. The method of claim 41, wherein the cell is a lymphocyte in an inflammatory

disorder and the method results in inhibition of inflammation.

47. The method of claim 41, wherein the cell is involved in vascularization and the

method results in modulation of angiogenesis.

48. A method of stimulating mobilization of CD34" stem cells from bone marrow to
peripheral blood in a subject, the method comprising administering to the subject the

antibody, or antigen-binding portion thereof, of claim 1 such that mobilization of

CD34" stem cells from bone marrow to peripheral blood is stimulated.

49. The method of claim 48, which further comprises collecting the CD34" stem

cells from the peripheral blood.
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