ANTI - CXCR4 ANTI BODI ES The present invention relates to nonocl onal

anti bodi es agai nst CXCR4 and their use in treating diseases in which

pat hogene®0D200%14me2di at ed by CXCR4 and SDF-1. CXCR4, a ciremnuls2ove/ondept or,
is a G protein-coupled, seven-transnmenbrane receptor. Like other chenokine
receptors, CXCR4 plays an inportant role in immune and inflanmatory
responses by nediating the directional mgration and activation of

| eukocytes. CXCR4 is expressed or overexpressed in a variety of cancer cel
| ines and tissues including breast, prostate, |ung, ovarian, colon,
pancreatic, kidney, and brain, as well as non-Hodgkin's |ynphoma and
chroni c |'ynphocytic |eukeni a. ANTH-@RCRANIBADIgaNd to CXCR4 is strona

cel | -derived f ac[thg pres%ht grf%gt;ro:ﬂlir?l%ef >?ﬁ%go%l)ohal P&tgo%%régggai&?gx% a,ndlt er action

pl ays an inportant ases o genesi’s, inc udi i ng
tunor gr owt se in taadisg dmcasarig mg:hrpeﬁmganemﬂ npdfagedltby SI>8CR4 and\SDFAL.of t he

i nvol venent of 4 |n vari.ous s .0 sease as heen studied as
L ber apeut i o t & uats iR R e BB AR HuER AT SO e A sgoni ot
i s avai | ;abl ecdpar. Ilakd cﬁhﬁrshamdl&herméebtow eXorel aye aandpmmlbhdgkmﬁmel ynphona.

CTCE9908, a i de CXCR4 ant agon , Jls.currentl Phase Lb/1l clinica
e For RS e o S b G bl athion s e et dfi scl vaed i n

the art (VQeR&CHBIACRIS eQﬁlleQ@@QMIeX@l@%edﬁl@adh@ﬁfof@ﬁnc@ﬂ cli@aenge X, Quan
L, Oson W Hazan U, Dragic T. (2005) Anti-CXCR4 Mnocl onal Antibodies

Recogni zi ngl%ﬁncawm%eaﬁmoga@slu@e fOVaangrlefl PRRCAGHEIP-KInRY PRAPTIARY | i ty To

| nhi bi t Entyy afnoblHgaBk ala@lu@m@mcwrﬁmcyﬂen@kkmia IO LRRkn@¥m Vi T Ol 0gy.
Feb. 2005: 1930- 1933%%@ AIt ough there are varlousgggfnts under devel opnent
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that talQetligexERACXERS fsetrgmpl qellélﬁrlqusfa%ornle@@Frbror Lil P bride @kt i ¢
agents tar ggbp. ngnt%ﬂ pl Qé]@n AR orBRAGh R Sh ﬁhlubféeph&re@%ﬁﬁlhlohgéh%m iRl E

t herapeutical |y useful "CXCR4 antagoni sts possessing a nunb of desirable
properties. mﬂmt@bﬁﬁlé@“%@l?ﬁé%ﬁﬂ@@%h@imﬁﬂﬁﬁﬁron have |ncreased cheni cal and

Bt boai es. ¢ hat by R kst Y PTOR BTty kel M AR e o
binding to wstudiewsgdﬁhp@pmcyargter ertesamlbie, ANB3H0, b blwydesésXGRY t her apeut i ¢
rSeDg' ot C@@Q%‘sﬁ g%ﬂl&éﬁ% u%“&t% ¥ ng il Jl&%ii fid Er]r}—lodh in rra/ﬁn%ﬁlé‘oév't ﬁ“ of
i nvasi on, a@D@E@@&gspe@udea@KCRéhmsgm,ss currently in Phase Ib/IT chnlcal trials for
cancer. In addition, antibodies targeting CXCR4 are disclosed in the art (WO 06/089141,
US 07/0059308, and in Carnec et al [Carnec X, Quan L, Olson W, Hazan U, Dragic T.
(2005) Anti-CXCR4 Monoclonal Antibodies Recognizing Overlapping Epitopes Differ
20  Significantly in Their Ability To Inhibit Entry of Human Immunodeficiency Virus Type
I. Journal of Virology. Feb.2005: 1930-1933]).
Although there are various agents under development that target CXCR4, there
still exists a need for additional therapeutic agents targeting CXCR4. The antibodies of
the present invention are therapeutically useful CXCR4 antagonists possessing a number
25  of desirable properties. Antibodies of the present invention have increased chemical and
physical stability, and solubility. The present invention provides CXCR4 antibodies that
bind human CXCR4 with high affinity and inhibit human CXCR4 binding to SDF-1.
High potency permits the use of low doses in therapeutic regimens. In addition, these
antibodies interfere with the interaction of SDF-1 to CXCR4, and thus reduce
30  tumorigenesis, including tumor growth, invasion, angiogenesis, and metastasis.

Furthermore, antibodies of the present invention induce apoptosis of tumor cells.



Furthernore, antibodies of the present invention induce apoptosis of tunor
cells. The present invention includes a human engi neered anti body or a

bi ndi ng fwagmentsot2her eof , that binds human CXCR4, and wrCThIS2@9/0i3963 bi t s

bi ndi ng of human SDF-1 a (SEQ ID NO 33) to CXCR4 with an 1 C50 for human
CXCR4 between 10 nM and 0.05 nMin a human CXCR4/ 1251-SDF-1 a binding

i nhibition assay as descri bed herein; b. inhibits magration of cells
bearing CXCR4 on their surface with an ] C50 between 30 nMand 0.3 nMin the
chenot axi s assay as descri bed herein; and c. exhibits an affi nity, KD
between 15 nMand 0.05 nMin the Surface Pl asnon Reasonance (Bl Acore) assay
as descri bed herldi presd evpntamentludene dnmipengpreefed pettbogy probindieas a hunman

engi neered nLletﬂXrﬁgfrt ”Ph‘psqluﬁ*qﬁa%n&%%g?‘}d‘%ﬁ .eof, that binds human CXCR4,

and which in I'ng of EQ ID NGO 33) to CXCR4 with an
| G50 for human CXCR4idbétitweiding.ob hndvheSioF-0o QSEQ M INO:33)hol CBICREXGERAN

1251 - SDF-1 a bi ndi ng itio ssay SCri her ei n. The pr esent

i nvention preferably (Jf)sﬁg‘?f?‘ﬂ Xﬁt}}ﬁg’ﬁt ’i};?(ﬁ g%%ﬁ 6‘0{)’ "a bi ndi ng
fragments t hereof , t hatxdpanes sBETRNidEEhhiRRA o gcabdésame@h%l%nm gration of
cells bearing CXCR4 on their surface with an | C50 between 3.0 nM and 0.3 nM

in the chenotaxis as#@biEmigasey ¢fiseld hrarieg ﬁXCRHQn greaserceivithent Con

preferably provi des r ment
t hereof , that binds Eﬁ%i@%{%\%h&‘@@gﬁ@ nl@%‘l {Qta%sg%ﬁé gal%r?%fl%yé/@KD bet ween

1.0 nM and 0.05 nMiand he Surface Pl asnon Reasonance (Bl Acore) assay as

d bed h Th h
engi neor ed anti body S TACRR AT Fr agRent e aor s PROYefedman. cxcra,

and whi th exhibits aﬁtasmmnﬁeasglmmeesGBiAa@'e)assayws yscplv@h)ferrm ng tunmor growmh in

a tunmor xenograft nodel .as descrd en_adni ni St d at 1 ng/kg.
The present i nveﬁlhﬁp eﬁenptﬁne rét%oél@r?/er ?‘B\Pm é%sgh Wii: %ngmﬁare%rétr g nt i body or a
bi ndi ng f r agnading frigreme tkreof, litat blhdiidﬁnalﬁlﬂmRCXﬂR&hlcﬁnﬂlbmbbﬁﬂdlmgmﬂhﬂm&

2pOpt 051 s ol YDl £6b 1%, 1) SRRRIR AR SR Murth AESE LRSS S e
and 0.05 nM in a human CXCR4/'*’I-SDF-10. binding inhibition assay as described

15  herein.

The present invention preferably provides a human engineered antibody or a
binding fragment thercof, that binds human CXCR4, and which inhibits migration of cells
bearing CXCR4 on their surface with an ICsy between 3.0 nM and 0.3 nM in the
chemotaxis assay as described herein.

20 The present invention preferably provides a human engineered antibody or a
binding fragment thercof, that binds human CXCR4, and which exhibits an affinity, Kp
between 1.0 nM and 0.05 nM in the Surface Plasmon Reasonance (BIAcore) assay as
described herein.

The present invention preferably provides a human engineered antibody or a

25  binding fragment thereof, that binds human CXCR4, and which exhibits anti-
tumorigenesis activity by preventing tumor growth in a tumor xenograft model as
described herein when administered at 1 mg/kg.

The present invention preferably provides a human engineered antibody or a
binding fragment thereof, that binds human CXCR4, and which induces apoptosis of

30  tumor cells in an apoptosis assay as described herein when administered between 2

pug/mL and 10 pg/mL.



mg/ mL and 10 ng/nlL. The present invention includes a human engi neered

anti body or a binding fragnent thereof, that conprises a light chain

conpri si nyoaodwght24chai n vari abl e regi on that conpri sesPCTAS2MM0K306Egi ONsS,
CDRLI having the am no acid sequence of SEQ ID NO 8, CDRL2 having the am no
acid sequence of SEQ ID NGO 9, and CDRL3 having the am no acid sequence of
SEQ ID NO 10, and a heavy chain conprising a heavy chain variable region
that conprises framework regi ons, CDRH _ having the am no aci d sequence of
SEQ ID NO 1, CDRH3 having the am no acd sequence of SEQ ID NO 3, and
CDRH2 havi ng an am no sequence selected fromthe group consisting of SEQ ID
NG 2, SEQ | D NOThe p8EQ@!t iDeMOnSncl8EQe hDnNG: g ncaned a8BQly Or Ngnding wher ei n t he
ant i body bi h C encE r.. the .pr invention j.ncludes an
anti body. ¢ niaerismE R a2 S n PR Ak ch A TSR Lo R
aci d sequenth& compHeQflameM@k rigonsafDRE 1 hedwythe hmino acwlspquesesofHEQAIM no aci d

sequence s o m.t h roup consi sti 1D SEQ, I D NO
15 "SE0 1 b NG SOR 2R T O, B g ittt e
present 3 nvaiho edid kdgatisd eSSEQ IRAMNO: b dyd & hatyy bhdit sorp v «aG¥GRAchalvher ein a
| i ght chain conprises an am.no_.acid sequenc EQ I D NG, 22, and a heavy
chai n conpr V2S8R fegionha] Gompsisgs g@‘&ﬁ‘@ﬂ?é‘%@%@?%@?gﬂg Yqﬁém&‘roc?ﬁ‘ﬁl consi sting
of SEQ | D NQquehée ofSFEQ IIONNA, CHRHIERAIehN@ind fid SGRAPNE@ID gl SEQ | D
NO 21. The present invention also includes an antibody. that_ binds human

CXCR4, wher & DRI R vingaspmine ssavcaes wiecie diom the sprp s sErsItENE of an

ant i body coxpr 8kQIDSRSA! LD N5 and) IBEQ!DaNBR2ID 80 ARlHRA%e cONPr i si ng
SEQ ID NO 18 and SEQ I D NG 22, an anti body conprising SEQ ID NO 19 and
SEQ | D Mo 2antibedy bipgsite BepancetpRt-si ng SEQ I D NO 20 and SEQ I D NO 22, and an

anti body conpri %’uﬂﬁerﬁﬁ%!egénmv%ioﬁ@&l&%@d U2 Rat bIRR nemhd PRERGS of the

present invention as defined herein are characteri zedh% havi ng an | C50 of
10 nM or | exskergip adighfiphain COXDRES ar 28ino SPF s¢quandsion dERGDI Nl pianf eherrgsay as

a1 i Oy 1 of unmR ek AR BRIk HOR B L R S I e o
t he i nvent i80:1Ha%EQ & Dithith, S§QADINQi18 ySEQID Nk agkSIFRA IdNDIS nM or | ess.
Eﬂ %Eer Clr?if bet \‘}g %c}]cﬁ‘%{ ﬁ%%geﬁgntgl{vaéﬁ‘oﬁwﬁlﬁ&g 2 b DG O AAN R K RRO Tor
wherein a light chain comprises an amino acid sequence of SEQ ID NO:22, and a heavy
chain comprises an amino acid sequence selected from the group consisting of SEQ ID
NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, and SEQ ID NO:21.
The present invention also includes an antibody that binds human CXCRA4,
20 wherein an antibody is selected from the group consisting of an antibody comprising SEQ
ID NO:17 and SEQ ID NO:22, an antibody comprising SEQ ID NO:18 and SEQ ID
NO:22, an antibody comprising SEQ ID NO:19 and SEQ ID NO:22, an antibody
comprising SEQ ID NO:20 and SEQ ID NO:22, and an antibody comprising SEQ ID
NO:21 and SEQ ID NO:22.
25 The antibodies of the present invention as defined herein are characterized by
having an ICs of 10 nM or less in a human CXCR4/ 125 _SDF-1a. binding inhibition assay
as described herein. Preferred antibodies of the invention have a binding affinity for
human CXCR4 of 5.0 nM or less. Most preferred antibodies of the invention have a
binding affinity for human CXCR4 0of 0.5 nM or less. Further preferred, antibodies of the
30 present invention have an ICsq for human CXCR4 between 10 nM and 0.05 nM in a
human CXCR4/'*’I-SDF-10. binding inhibition assay as described herein. Further

preferred, antibodies of the present invention have an I1Cso for human CXCR4 between



human CXCR4/ 1251-SDF-1 a binding inhibition assay as descri bed herein.
Further preferred, antibodies of the present invention have an I C50 for
human CXGRO 2b@meen- A- 0.5 nM and 0.05 nMin a hunan CXERA/USX®Slo43BBF--1 a

bi ndi ng inhibition assay as described herein. The anti bodi es of the present
invention as defined herein are characterized by having an 1C50 of 30 nM or
l ess in a chenotaxis assay as described herein. Preferred antibodies of the
i nvention have an 1 C50 of 15 nMor less in the chenotaxis assay. Mire
preferred anti bodies of the invention Ffave an 1C50 of 3.0 nMor less in the
chenot axi s assay. Further preferred, antibodies of the present invention
have an I C&DS bt and Or9530 i lamehn @ R S0 B bindinp irdndiiSoressayypsas descri bed
her ei n. her ef erred, antibodies of the present invention have an | C50
bet ween 3. %ﬁﬁﬁﬁ SI§M3 hMin the chemptaxis assay as described herein. The
anti bodi es of t nelepmﬁsﬁam of thy prebdnd mvagiod af Heb‘ﬂiﬁd h&é'ﬂiiafb @nacehasdast eri zed by

havi ng a KD of 15 | ess_in, an_assay. tha s the hinding
activities Wﬂﬁﬁalgﬁp?ﬁ%wég leavngtﬁhﬁlaeféxw%fg igéﬁ%rﬁlee Prdgs€or e) as

descri beg hgkigbdies dm{eQanﬁI)reﬁJv@Qn a0, bppthing or Rfs irnh'l‘fb dhemefkik aiakDvefe 10 nM or
| ess in the Bl Acore_assay preferred antibodi es of the invention have

KD of 1.0 nipfsired agibodips qfﬁlée IBY%IBIP Bavg 88 Hso oF 3P BT Ips &t e cRNOtal i bodi es of
the present,ify @ﬂﬁhé?fibré?éﬁ/e% :!i@b@&&s\/\ﬁ‘%ﬁb pkésemvh@éaqo@h&% af M J, Bedvign B Hgor e

assay as described herein. Further preferred, antibodies of the present
i nventi on hadd 3l e Wecswotaxigasay 4 descobaBheraim. i Frprtheprefemed eatikedisapf as

described hgg Sl'eEEnt Iﬁb&ti%ﬁthh\%%' 18%) b%fweteﬂg ORMVERIG.3 hiDME el cﬂ%‘;@émg glshyngd herein

are characterized by having anti-tunmorigenesis activity preventing tunor
growt h 1h ades‘urb@dh&remogr aft nodel using NOD/ SCI D nmice and human

non- Hodgki n' s 'ﬁ'ﬁBQQ&ﬁ%dM@HP& Q%'tgl%rﬁﬁmg?ﬁﬁ{éfef?ﬁgefﬂ%e ffkqagm ni stered

at 10 ng/ kg. More preterred a Ies o I nventi on ave avi ng
antl-tunDr|@wng9ﬂéﬂadﬁuwdbywbynplewanmmmgﬂuuﬁnhegmdmgdeMEnoémﬁlnlstered at

1 my/kg. The &1es%o$urtsaceolilasmon eras%snent (?Pv%né[) Iasp {lleisgrsbeg%erepne% hgr ein are
characteri 784 Ci hg ‘apopt osT's an apoptosis assay as

descri bed hﬁb&rreﬂ aﬂﬂbo@emf@ﬁeame&ﬁiomﬁb Iof)(b(anSJr ddss inntke Bnwerd dseny. iMdtuce nucl ear
fr agnen{? ti I?rgferafer:]cg ant 0 ies otJ the 1nvgnt10n have Kp of 1.0 nM or less in the BIAcore assay.

Further preferred, antibodies of the present invention have Kp between 15 nM and 0.05

nM in the BIAcore assay as described herein. Further preferred, antibodies of the present

invention have K, between 1.0 nM and 0.05 nM in the BIAcore assay as described

herein.

20 The antibodies of the present invention as defined herein are characterized by
having anti-tumorigenesis activity by preventing tumor growth in a tumor xenograft
model using NOD/SCID mice and human non-Hodgkin’s lymphoma Namalwa cells as
described herein when administered at 10 mg/kg. More preferred antibodies of the
invention have having anti-tumorigenesis activity by preventing tumor growth when

25  administered at 1 mg/kg.

The antibodies of the present invention as defined herein are characterized by
inducing apoptosis of tumor cells in an apoptosis assay as described herein. More
preferred antibodies of the invention induce nuclear fragmentation and activation of
caspase 3, hallmarks of apoptosis, in multiple tumor cells including Namalwa and CEM

30  cells when administered between 2 ug/mL and 10 pg/mL.

The present invention includes a pharmaceutical composition comprising an

antibody as described herein in combination with one or more pharmaceutically



caspase 3, hallmarks of apoptosis, in multiple tunor cells including
Namal wa and CEM cel | s when adm ni stered between 2 ng/nL and 10 ng/nL. The
present iwoenwywam2incl udes a pharnmaceuti cal conpositi onPCOMS2IQIMIY6RN

anti body as described herein in conbination with one or nore
pharmaceutical | yacceptabl e carriers, diluents, or excipients. In addition,
the present invention includes a pharmaceutical conposition for the
treatment of tunorigenesis, including tunmor growth, invasion, angiogenesis,
or netastasis, conprising an anti body as variously described herein, in
conbi nation with one or nore pharmaceutically acceptable carriers,

di | uent's, oacceptablpiaemtrs dilfutst beaxcipicn®. pr aklgnm, thapesdnit bweliti@olimlieiss a

phar maceut i Gl QIRARI MOl Pfor IS hLER! I holen i C AN SEAGSHGHLT T O L e
group consisting o Y cer, ‘pancr eatl ¢ Tan ? , prostate
cancer, Ki dinegsiomamge)gpnersemrmhﬁtasmsmmpnmng hioaigibody s daymhoatmcnﬂedmg cancer,
ovari an cancetr. ncer, nmultiple.. | oma

i 41 1 or e, it f SorRiRiii afhan Sf e hraRe il ey b2 WL oea
herein, in eoipinBafuaherwhé preameinOention irehplbes pc@sdeltal tommsiceptalice
carriers, diluents, or excipi The present vention includes the use
of an anti HEAHMLEE Oﬁae%a@?‘?rlﬁ%lﬁg?fgt?%m Hlef%?uptcﬁgs%}ngﬁgp £t 6H°BF PHCHAY canent for

t he treat meahc®dfmdlivaial GORES iconcet, Ridheddanger! HEELIGERN, Ron-HON@SH N,
angi ogenesi s, or metastasis. |n addition, the present invention includes

the use of XWPAORG. HEEFREST Quaianichred” KRlPEFi! qagecr MEltipleaysloma on of a

nmedi cament  §1QblatiBRa MuBabMRNEnObulR A ris 78 R h @ d) LORLRGY 8&BiRdconsi sting
of breast cancer, pancreatic cancer, nelanoma, prostate cancer, Kkidney

cancer , Itheuiesn. 4% EHINatiop AIfhsg RT MO Plh?fﬁ‘t?ﬁ%}ﬁlﬁa“yl ageRptablerfemiers, dgenisadt cancer
col or ect al &apssls, nhultiple nyelom, glioblastoma nultiforme, and |eukem a.
The present invention includes a nmethod of treating tunorigenesis,

i ncl udi ng tunDrT@ﬁﬁmﬁﬁﬁHﬁﬁW&@ﬂ@ﬂWEéﬁ@ﬂ@@@%@@@@hxbﬁsd@ﬁ@@ﬂé@ﬁ@lﬁ%6Mpr|S|ng

admi ni st e“ Q%traﬁloﬁ PG md:f? fd}‘?l?ed[re‘agne%o@tﬂﬁlbﬁ%eg&l?%cﬂ%ﬁfgrthllﬁ&dgrg'\?{he' .

Furt her, resent invention includes a net treating a cancer
sel ect ed f riovastoneangrogapesisomsnatdsianiy. bf additieasthe passoemyenpanorcalts e agncer ,

mel anomnpy p&%ﬁ gtlbodggp 8e%£ﬁbeﬁlhgllgef\1yfmc f%n&% arﬁt?oerludéf%%ead§ca%gﬁ fof (Y r?alfB kl n's

| ynphond, |ung ovarian cancer, cancer, e nyel omg,
gl i obl ast onaf amahder fabacnd, fromnidhe gmuhemsa;nngoiftpeasmamgeran:hm:malt'stoenaeng to a

patient in nelanoma prostataer&lrllc%%) ?(deg'; ca%gesr rlielupo% a

s%%a%o%’—Hodgkin’s lymphoma,
lung cancer, ovarian cancer, colorectal cancer, multiple myeloma, glioblastoma
multiforme, and leukemia.

20 The present invention includes a method of treating tumorigenesis, including
tumor growth, invasion, angiogenesis, or metastasis, comprising administering to a
patient in need of an antibody as described herein. Further, the present invention includes
a method of treating a cancer selected from the group consisting of breast cancer,
pancreatic cancer, melanoma, prostate cancer, kidney cancer, neuroblastoma, non-

25  Hodgkin’s lymphoma, lung cancer, ovarian cancer, colorectal cancer, multiple myeloma,
glioblastoma multiforme, and leukemia, comprising administering to a patient in need of
an antibody as described herein.

The general structure of an "antibody," is very well-known in the art. For an
antibody of the IgG type, there are four amino acid chains (two “heavy” chains and two

30  “light” chains) that are cross-linked via intra- and inter-chain disulfide bonds. When
expressed in certain biological systems, antibodies having unmodified human Fc

sequences are glycosylated in the Fc region. Antibodies may be glycosylated at other



The general structure of an "antibody,"” is very well-known in the art. For
an anti body of the 1gG type, there are four amno acid chains (two "heavy"
chai ns amsiotzay/t4bizght " chai ns) that are cross-I|inked vi &CIrniSe@9/0a3vd3
inter-chain disulfide bonds. Wen expressed in certain biological systens,
ant i bodi es havi ng unnodi fi ed human Fc sequences are glycosylated in the Fc
regi on. Antibodies may be gl ycosylated at otherpositions as well. The
subunit structures and three-di nensi onané configurations of antibodies are
wel | known in the art. Each heavy chai i is conprised of an N-term nal heavy
chain variable region ("HCVR') and a heavy chain constant region ("HCCR")
The heavy ciaitioncanstlafthe sldglhbntrlimurwmmhr%dimhsioﬁaﬂ eafgorapmf ( CHI , CH2,

and CH3) f gntlhga%] a]rgw%l 19'%16 A0 %aélh ge% lna?n {S%Brﬁs[%\l&' %F'an%erm% CH4) f or

IgMand Ig hai s corrprls din variable regi on
(herein "LORYy clamdvaalalble gdgionc(r'iaCWRt:)cnndiaaaztvyrchgn@ms(aht_fégiahX“HCKhl}z”)var| abl e

regi ons of h ht / heavy chai.n pair e ant ite. The

HovR and LU Pt SR DR e B r ke &l bR (s PReg e R o Br

_hyfer varj abﬂgt}l, Ig;Dh aﬁcergmedndtét)ﬁmhﬂﬂiﬁi(@tﬂi[ CHy, @[ex,amirr:[dmmg)r [5:.Y4] IaﬁxP@E( @ms%(, _

i nterspersed . w regi ons at. .are .nore conseryed, | ] Tewor K regi ons
(FR). Each Waé{h‘ac Wﬁegfbg [@%mﬁ]&aé‘éﬁarﬁpﬁ*tr?ﬁ‘%%@ﬁ%&mg Eﬂé% arranged

from am no- &ﬁrnmoﬂu@ttdglcﬁ@mb@omv)t ermnus in the follow ng order: FR, CDR,

FR2, CDR2, FR3, CDR3, FR4. Herein, the 3 CDRs of the heavy chain are
referred to as "CORMiabICRRERS ofgach @bﬁl@vyal%?dn?%fognmtlmdﬁ HgS§Rt chai n

are referrehdioc@R anPRVR, reSGhiRleAn B@Flm%lugdlwd&h%t%%n§mﬁ/§ér9ar%§ffty of the

resi dues which formspecific interactions with the anti The assi gnnent
of ani nif ackFEredcompleelin@aielersrmigingiegionsdt BRAL EGHRCF chal rwﬁl%rﬁvenu ons

[e.9., Kabahere'c &%QH%&‘Q%lefraB"e%&'rQéor%f(kaﬁmﬁhﬁﬁld W RLRTbmpodiat | onal

Institutes of Health, Bethesda Ant i bodi es of the present
i nventi on nefyhmaG¢PRa anrb@valéﬂqaing@@ﬁgmam1nq=@gnmns wepdexermnomndhs of the

| mmunogl 0buiify 6l BRRETRI! €0r 119D, CHRG: Pk OMDRNGRY IRkl NS RDE e

anti bodi es present 1nvention contdin an c portion
from human heg@ichEm aregifared bead (R b, GORHY, @EﬂJ@@HHébﬁﬂdlthty?) CORbiohtheconpl enent

factors,as T B e Ee‘%erPed% ! 59&51“ PORIPSH 3t ‘r?‘)@%RE’E‘é’ a%?m%?t f"ed from
a si ngle copy or cfone. g.. any SUKAF yoti &, proKaryot i
phage cl onethe Faselhﬁrxalbﬂyfoan smtﬁcbmdrgactmcfns twhtd themrmgén Ofhe @xdigngent ¢f amino
acids to each domain is in accordance with well-known conventions [e.g., Kabat,
"Sequences of Proteins of Immunological Interest,” National Institutes of Health,
Bethesda, Md. (1991)].
20 Antibodies of the present invention may have a heavy chain constant region
selected from any of the immunoglobulin classes (IgA, IgD, IgG, IgM, and IgE).
Furthermore, antibodies of the present invention contain an Fc portion which is derived
from human IgG4 Fc region because of its reduced ability to bind complement factors as
compared to other IgG sub-types.
25 An antibody may be derived from a single copy or clone, including e.g., any
cukaryotic, prokaryotic, or phage clone. Preferably an antibody of the invention exists in
a homogeneous or substantially homogeneous population. An antibody can be intact,
comprising complete or full length constant regions, including the Fc region, or a portion
or fragment of such an antibody provided that any shortened form comprises the antigen-
30  binding portion and retains antigen-binding capability. Such shortened forms include,
e.g., a Fab fragment, Fab' fragment or F(ab') 2 fragment that includes the CDRs or the

variable regions of the anti-CXCR4 antibodies disclosed. Furthermore, such shortened



a honogeneous or substantially honogeneous popul ation. An anti body can be
intact, conprising conplete or full Iength constant regions, including the
Fc regi orwoanosal4prat i on or fragnment of such an anti bodyPpraseeed4iohat any
shortened form conpri ses the antigenbinding portion and retains

ant i gen-bi ndi ng capability. Such shortened forns include, e.g., a Fab
fragnment, Fab' fragnment or F(ab') 2 fragnment that includes the CDRs or the
vari abl e regions of the anti-CXCR4 antibodi es disclosed. Furthernore, such
shortenedanti body forns can be a singléﬁchain Fv fragnent that may be
produced by joining the DNA encoding the LCVR and HCVR with a | i nker
sequence. U@@bwhﬁbumkmhbﬂaSmbbCﬁﬁaFwﬁegh@gﬁwom@WbﬂmDmanébyﬁmﬂh$6@ies vol .
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1994). Regardl ess o her ra nen specified, the term
"anti body" Eﬁnn&ﬁwghefbhnmﬂmmlAd@xﬂ&uahlﬂﬂaghnﬂmsmpmdmmmte@nsSpmmyelI as

singl e chai or Iess i ndi cat e e.protein
Cera ns. t nevatie vy YPUC BRI ANTG BReakiay SF wndhuni PEteier kit fng

i ncl udess a ﬁﬁ@ﬂﬁnﬁetﬂhﬂ&ﬁﬁmﬂytﬁSmdi&ﬁhﬂ&&d@hﬁﬁﬁhﬂagh&ns@jbﬂmhuﬁadﬂMﬂthin
the term"antib Ant i bodies of the inv an be praodu si ng

t echni ques %Rél“lg%lé%% OTfR “PF? E‘FWISS Inglicate eg\é gr?éﬁ‘(e pf‘&‘&‘ﬂﬁﬁ?%b’i%gé‘blﬂb(hage
di spl ay t ecliRpdcaghalsor Iﬁyf@iehﬁatllnglﬁce@jaoph@ﬂiﬁ51u@és aGeqRh&adriseisnf such

t echnol ogi es or of her technologles read in the art. The term

"human engi HEdredhar: bdyeluded pah tkl%teaﬂ"%vﬂmy ARG QT e dmEliiks, hi nge

regions, andn®epRidaci wiRgkRRSiqRs WS R 8k i, tehatre@h®idafeBin6RLic\M t h or
substantlally i dentical (substantially human) with frameworks and constant

r egi ons!Merrhperidisplinie iegshitihetic ey oleaiceer combinatons ehtushischnelogitks, hi nge

regi ons, angwﬁgp§£ﬁ@m%%£g&gn§kﬁ&@l&nﬁggthunan germ i ne sequences as well as
sequences w th naturallyoccurring somatic nutations. A human engi neered

anti body may confpeitese hraneonsitecrchprihedy orefesongn antbode jivirsiraeaworked from a
fully h“”a”hl{lj%arggmr Knd &hﬁ%ﬁ ’re‘g?(gns%?ﬂlﬁ}lﬁln&r (%Edy?t%toa?eﬁ xﬁk@f Wighg: one or rnore

amno acid s tutions ions, or a trons therein. Oten, a human
engi neered smmmbmﬂyuksmpl@ﬂ@ﬂmbﬂbﬂgmbmlwnhﬁambymhmmwunnummgﬂmn@ i n hunmans.

A ovar el ol GRS Iha YR LAY K RERUEDEESAT R ERGpRL ALY or I

conbi natl on as a nan engl neered &Nt e present
i nventi on. d'e\maﬁlﬁrr@nbm arettheseﬂmmamgﬂrnlhne sguarnss Bfwdle saptidoodith satofally-he
invention are of i.qgi substantigghﬁmgunan ast 9%}6 97% or

0036 of - huneifeBTrgrigte A a, S hudt gietitetod bhiboly HRY ebfprise FAtouds

hinge, or constant regions derived from a fully human framework, hinge, or constant
region containing one or more amino acid substitutions, deletions, or additions therein.

20  Often, a human engineered antibody is preferably substantially non-immunogenic in
humans.

A variety of different human framework sequences may be used singly or in
combination as a basis for the human engineered antibodies of the present invention.
Preferably, the framework regions of the antibodies of the invention are of human origin

25  or substantially human (at least 95%, 97% or 99% of human origin.) The sequences of
framework regions of human origin may be obtained from The Immunoglobulin
Factsbook, by Marie-Paule Lafranc, Gerard Lefranc, Academic Press 2001, ISBN
012441351.

The framework sequence for the human engineered antibodies of the present

30 invention serves as the “donor” variable framework region and can be used to create
additional human engineered antibodies with the same CDRs specified herein using

methodology known in the art. Furthermore, the framework sequence for the human



framewor k regi ons of human origin may be obtained from The | mmunogl obul i n
Fact sbook, by Marie-Paul e Lafranc, Gerard Lefranc, Academ c Press 2001,

| SBN 012MM036M/14T12¢ framewor Kk sequence for the human engCmase@d/oasvss bodi es
of the present invention serves as the "donor" variable framework region
and can be used to create additional human engi neered anti bodies with the
sanme CDRs specified herein using nethodol ogy known in the art. Furthernore,
t he framework sequence for the hunanena#neered anti bodi es of the present

i nvention can be conpared to other knowh human franmework sequences to
generate additional human engi neered antibodies. Thus, this information can
be used to ¢ngaekredraritivpdits @it presensielantibe danhirmompgred & diherdnown bursagor kK r egi on
to the hu ineered d 1 NO.. aci si hese Si t,J.ons.

Furt ner any T narERELER <S80 erBOLIR Rl b 3p A & iR, AR Bl

f ramewor ks isfocinatidnatin béresed onthecisustaty” adatharselectadionesigione burech am no aci d
resi due canfbe used attt e.rel evant o aition, Th%’tern1;bphibi%" means t he
ability to SUBSYRRCELMS NS rTgnHesEe eﬁ BT BITENC S5 ITRHE 2t RS CAITA"S s 1 ow,

di srupt,5 el Furihegtey “rafeOpminb adidc€andk deewted Beadiiiondihomagireatweks @chs of
binding to the CXCR4 receptor. "CXCR4" qr "human CXCR4" refers to any human
CXCR4, as ?tlthea%onf‘ﬁlﬁ‘c‘?tqr&ﬁ‘é‘?rlh;‘}“%‘&‘Efi%}‘ée}’*reaﬁfn&toea&l TSNS PRBY léstﬁg At anpl es

i ncl ude, bufklcd® ph@tion.i Mted to, SEQ ID NO 30, SEQ ID NGO 31, and SEQ ID

NO 32. A "patient" is a manmmal, preferably a human, The term"treating" (or
"treat" or "tredtfdsiEynhigity facany fgwalﬂgt,y tQ PEBIBNIALLY anBERRITR OB RTEN8E si ng t he
progr essi onee@faiS 8! HikdipOblidinad RSP PBdust ERRE thcaRNGitdl @fectPbf HidQASe. The
term "preventing"” (or "prevent" or "prevention") means prohibiting,
restraiH}ndPﬂ%ﬂ%Xﬁ #BCERPg t he i nci dence or occurrence of a synptom

di sorder, condi t{&HR40%r ABBATHCRACYLRrsGY SR RinRR E XL Geg@ndi tions may be
treated and prevented. In an acute event, antibody i1s admnistered at the

onset of a Byeipnd actvs orugrsed forpmibipreolo Exampleglingluds dubmenetilsnsdte. 68 when
the acute eyeR.Hn Iﬂ@@§§p§n@8§§ﬁ9@h§3§ynpton1 di sorder, condition, or

di sease is treated over a nore protracted tine frane. The term
"t her apeuti cal | YA Gfafiggt iswenamalmirtferablyertainteo. t he anmbunt or dose of an

Z‘SH ﬁ?g¥5r gI i E)EI ts%lie g&%g‘{tljl;e%{n}llg%grC‘Qeat’ugro‘rt]regthlggtl"fmga{ns %lv’ir{gp étgppqﬁ)gs, ?educing,
or reversing the progression or severity of a symptom, disorder, condition, or disease.
The term “preventing” (or “prevent” or “prevention’) means prohibiting,
restraining, or inhibiting the incidence or occurrence of a symptom, disorder, condition,
or disease. Acute events and chronic conditions may be treated and prevented. In an
20 acute event, antibody is administered at the onset of a symptom, disorder, condition, or
disease and discontinued when the acute event ends, whereas a chronic symptom,
disorder, condition, or disease is treated over a more protracted time frame.
The term "therapeutically effective amount"” refers to the amount or dose of an
antibody of this invention which, upon single or multiple dose administration to a patient,
25  provides the desired treatment or prevention. The therapeutically effective amount can
comprise an amount of about 0.001 to 20 mg/kg per single (e.g., bolus), multiple or
continuous administration.
Particular antibodies of this invention include: an antibody comprising amino acid
sequences of SEQ ID NOs: 1, 2, 3, 8, 9, and 10; an antibody comprising amino acid
30  sequences of SEQ ID NOs: 1, 4, 3, 8, 9, and 10; an antibody comprising amino acid
sequences of SEQ ID NOs: 1, 5, 3, 8, 9, and 10; an antibody comprising amino acid
sequences of SEQ ID NOs: 1, 6, 3, 8, 9, and 10; an antibody comprising amino acid



provides the desired treatnment or prevention. The therapeutically effective
anount can conprise an anount of about 0.001 to 20 ng/ kg per single (e.g.,
bol us), mubtzo@/wors conti nuous adm ni stration. Particul cTarstédodioes of
this invention include: an antibody conprising am no acid sequences of SEQ
ID NGs: 1, 2, 3, 8, 9, and 10; an anti body conprising am no acid sequences
of SEQID NGs: 1, 4, 3, 8, 9, and 10; an anti body conprising amno acid
sequences of SEQ ID NGs: 1, 5, 3, 8, 9, and 10; an anti body conpri sing

am no aci d sequences of SEQ ID NGs: 1, ‘96, 3, 8 9, and 10; an anti body
conprising am no aci dsequences of SEQ ID NGs: 1, 7, 3, 8, 9, and 10. The

li sted sequenemsesrof SEQIBMOCDHRAI3, 8,CDRMP10. JbRMHSted SRkices ©PREcht CERRETICDRL 3,
respectivel rtd i i ps. dnvention include: an anti body
conpri sing %Dﬁggl'«é%gj\:/ﬂ;’%Dggf’%fg%f@ég%deegﬁ%wg "SEQ ID NO 16 and a HCVR
havi ng an am no Padicdlasagibediceofoliis Six€htloD iNMideldr; andihodyrtoipasiyg e MAPIR si ng a

LCVR havi ng _an am no acid seque QD and a HCVR havi ng an
2 o aci - REan BT TR RE RO SRR RARE & HEMG D8R havi ng
an am n® acicqusegofSREIMNOSER ah bnfiady tompivihgea IHOVR hivéing Mgaraino a¢giino aci d
sequence of SEQ I D 13: t] comprising a LCVR hayi an am no
aci d sequent8'Gfe @ﬁ@?g%n%gan%gg ﬁ%%ﬂlﬁl@g‘lﬁﬂ SEHEHYG Ozéhﬁ%?equence of
SEQ I D NO Né:1284h aibbyudhpEGiARs LEVRGhadink @Y BmiRMCIIG@ARN&3 BRI Hosequence
of SEQID NO 16 and a HCVR having an am ng acid squence,of SEQ I D NO 15.
The present [ 30¢adtG VR hivieg yrpmaing pojd seauencp gHPEQ 1P At LhiaRantiiody i nhi bit CXCR4
activity. | &n%gﬁl% QUICAIR hdvii R8BSR Ucid RYRAEd ABHEQE N $6 aih ROVRbOdY
conprising a light chain having an anmino acid sequence of SEQ ID NO 22 and
a heavy!®haiaying a0 apgoasidaai e cadi S Sbiiendeanntisety mpNang 1 ¥V ant i body
conpri sing @By|noGRbmERACR LEWhAGAE@ID KO: fChfd mﬁ%ﬁﬁ%nmla@dm .22 and
a heavy chain r%aw n&ﬁin am no aci d sequence of SEQ ID NO 18; an anti body
conpri si ng wakdnghef IIMNRali ng an ami no aci d sequence of SEQ ID NO 22 and

compri %ing a 11 ant PeRaARFRIR RS FRONARER-Gha BELEEIMD GROFD RO 22" ne
a heavy chaichvityavinmpgrtiawlaia thempoesad i egteapuadivdes ofn a8EdyDoNErisiRHa light ant i body
corDr <149 b SPARD,18HL00:R0 BSEEARACOSAIUTPES i3l B N0 22 and
amino acid sequence of SEQ ID NO: 17; an antibody comprising a light chain having an
amino acid sequence of SEQ ID NO: 22 and a heavy chain having an amino acid
sequence of SEQ ID NO: 18; an antibody comprising a light chain having an amino acid
sequence of SEQ ID NO: 22 and a heavy chain having an amino acid sequence of SEQ
20  ID NO: 19; an antibody comprising a light chain having an amino acid sequence of SEQ
ID NO: 22 and a heavy chain having an amino acid sequence of SEQ ID NO: 20; an
antibody comprising a light chain having an amino acid sequence of SEQ ID NO: 22 and
a heavy chain having an amino acid sequence of SEQ ID NO: 21.
Preferably, an antibody of the present invention wherein all six CDRs, the HCVR,
25  the LCVR, the HCVR and the LCVR, the entire heavy chain, the entire light chain, or the
entire heavy chain and light chain are limited by a particular sequence as shown by a SEQ
ID NO: herein is further characterized by having an ICso in a human CXCR4/'*I-SDF-1a
binding inhibition assay as described herein of about of 10 nM or less, more preferably
about 5.0 nM or less, and most preferably of 0.5 nM or less. Further preferred, an
30 antibody of the present invention wherein all six CDRs, the HCVR, the LCVR, the
HCVR and the LCVR, the entire heavy chain, the entire light chain, or the entire heavy

chain and light chain are limited by a particular sequence as shown by a SEQ ID NO:



Preferably, an antibody of the present invention wherein all six CDRs, the
HCVR, the LCVR, the HCVR and the LCVR the entire heavy chain, the entire
| i ght chawo,20ew14012¢ entire heavy chain and |ight chai n a&cg/uszemiedehby a
particul ar sequence as shown by a SEQ ID NO herein is further
characterized by having an 1C50 in a human CXCR4/ 1251 -SDF-1 a bi ndi ng

i nhibition assay as descri bed herein of about of 10 nMor |ess, nore
preferably about 5.0 nMor |ess, and t preferably of 0.5 nMor |ess.
Further preferred, an antibody of then‘gﬁ‘esent invention wherein all six
CDRs, the HCVR, the LCVR the HCVR and the LCVR the entire heavy chain,

t he entire herghts foltler charaterizbdbemvingenA€avyr helvain ©X0RH betgden 16 andar e

limted by rt.i cul ar 7 shown by .a..SEQ I D NO herejn.s further
char acter: 204 R haY Rl GRCHREGES B R eBi bR heun RS dRE 0. 05 nm
in a human GXGBAdreftR&d, abbitiod R obthe icfgt inn&itidh tiheRinsgisay CBRs, desaCivRed
herein. Further pref d, i.body of the present inyentjon erein all
o x Cors, e ARt flea T iR PR BGR Gh TR STEOVRE eRe GRS of By
chain, the @ftd Ke@vy ¢H@iitan@ Mahtvhai@frd IBSit@My TRrtheRYYeqGdRE Bs ABEN |b%;ngIEQC hai n

are limted by a particul ar sequence as shown by a SEQID NO herein is
further cha%%%lﬁr%& fyghas sharpgseried Pobeyinegn Ihenfainh it bteeen®-5 nM and

0.05 nMin ahii80s RIGRY huhdr bxeRa 13Dk RAiREnd MRibRIchI0y 8S3RYHIRT |
descri bed herein. Mre preferably, an antibody of the preSent Invention

wher ei n al |hegéix. CDRs, the HCVR, the LCVR, the HCVR and the LCVR, the entire

heavy chain, th I j =hai r . [ Y i | i ght
chain are I'im tg\éggégb}egg?)ﬂe{%’%? E:aﬂtl%(;lbr% 2 gtélggrneté%?glg&itkg\?\x]mﬂ%ﬁe& %[H %Egb%at  herein
is fu_rtl’(br Hﬁasamemvz?emeﬁ;cmmm@emvm@ entircdcalyehwinake sntasBght as

descri bed herein tﬁ’é ena[libo t 30 nM %Bighﬁﬁ%%fl,nalrrrglﬁn%it ef era%bl about 15 nM or

| ess, and eVl Hore prr% &b ail/n%n ess. r e%cuﬁrr%‘?qél?l}cgﬁé an

ant i body ofshbhre bpaSESND NOViendin Grfuttive cledravtaizbd by kavGigRs, [Cihea HigvRtaxishe LCVR,
the HCVR and the LCVR . the entire heavy chain, the entire_ljght chain, or
Lhe entir o EG SEREP ik e ORST I seenpiom g a3 pMErs - sequence
as shown byand cSEQnHI pPNEeralble B®I M bSlefsu IFukiRdr pedlafciemtibed dyhdpawenng an | C50
bet ween. 30 nM and

.3.nMin_the chenptaxis _ass descri bed herein.
Pur L her | Bl MRS S HOERoELENR IEFBRTT S Whor SRl 1 51 x
CDRs, the HGYR hchhecHafaViRe chi@ lik\dRaianst thd@tikdéRyy EHam Rbtichenligawy chain,

the entire light chain, or the entire heavy chain and |ight chain are
limted by %Hmistyiagurtilas squeice as Sél@“@%mﬁéﬂ%@é@rwml fthdierein is further
characteri Z&Qra@t)ériﬂﬁ‘ﬁy@ﬁviﬁg an @Qbetween 30 nM and 0.3 nM in the chemotaxis assay as

described herein. Further preferred, an antibody of the present invention wherein all six
20  CDRs, the HCVR, the LCVR, the HCVR and the LCVR, the entire heavy chain, the
entire light chain, or the entire heavy chain and light chain are limited by a particular
sequence as shown by a SEQ ID NO: herein is further characterized by having an I1Cs
between 3.0 nM and 0.3 nM in the chemotaxis assay as described herein.
Even more preferably, an antibody of the present invention wherein all six CDRs,
25  the HCVR, the LCVR, the HCVR and the LCVR, the entire heavy chain, the entire light
chain, or the entire heavy chain and light chain are limited by a particular sequence as
shown by a SEQ ID NO: herein is further characterized by having a Kp in an assay that
evaluates the binding activities of the antibodies by Surface Plasmon Reasonance
(BIAcore) as described herein of about 15 nM or less, more preferably about 10 nM or
30 less, and most preferably 1.0 nM or less. Further preferred, an antibody of the present
invention wherein all six CDRs, the HCVR, the LCVR, the HCVR and the LCVR, the

entire heavy chain, the entire light chain, or the entire heavy chain and light chain are



between 3.0 nMand 0.3 nMin the chenotaxis assay as descri bed herein. Even
nore preferably, an antibody of the present invention wherein all six CDRs,
t he HCVR,wOhned@vRR4 t he HCVR and the LCVR, the entire hearyuse#Rioniocs he
entire light chain, or the entire heavy chain and light chain are limted
by a particul ar sequence as shown by a SEQID NGO herein is further
characterized by having a KD in an assay that eval uates the binding
activities of the antibodies by Surfaci Pl asnon Reasonance (Bl Acore) as
descri bed herein of about 15 nMor |ess,;” nore preferably about 10 nM or

| ess, and nost preferably 1.0 nMor less. Further preferred, an antibody of
t he pr esentlimitaddiytd priicwhesaiencakd shoive bEBREQ Iﬂ]”ﬂéOH@VRn istfhehdtCVR, the HCVR

and the Lwé:ﬁar ét@f“ ze%%t Iha%mgI & Xn 1!1.I %s%]y tagtlévaluﬂgg tﬁ% b1nd gtactﬁn%l e n@" the entire

heavy chai n an rcu equence as shown by
a SEQID N@mnhem&lby Susfaéml?ladmmn RdammmteéBI&o&cb) layddsawbed@emri@tweenaﬁ assay

t hat eval uat.es b ctivities,of .t ant i |es b Surf e. Pl asnon
roasonance TRl 85 MBS b kak 8t Bl FRaR R oA R e
Bl Acore as sayhmegdﬁtslﬁwnheldwhaéﬁlan SixHUDRY) @fe TR ethé EdVRatheaIﬂVEbﬁdiyth@f t he
Phe TR M EavkaRe BT Bty Bt T ol el (e oy G B it St | £
heavy chai nchaidhrd li@idd Shapanicar-e séqmmcbasismwn@ymm OUNeF h&eilweRneReras shown
by a SEQID NO herein is further charact erized having.a KD in an assay

that eval ua‘fhégacﬁeﬁéﬁdﬁyrli’ai”ﬁ%ag@tlp 1 tyasthgievelnucstie Plﬁel&gé%twbtgﬁs stitface Pl asmon
Reasonance {BbAGAIH)SuaEcdasaidniedsdeiRi( BIARINEEMesdritkd MMed R tPec@?.0NM i n the

Bl Acore assay as déscribed herein. Mre preferably, an antibody of the
present anlé\%tan%oﬁ/\wrleﬁhﬁ: BiAcorgjagsapprdesciiigd hpfeiR “ t he LCVR, t he HCVR and

the LCVR, the e%br@ﬁre‘?&%{y aﬁfdﬁﬁ%dyfohﬁle%&%érﬁ‘ﬁwkﬁtﬁaﬂﬂtw}fé?@d R siPCDRRGhENT i T e
heavy chain and Iight chain are limted by a particul ar sequence as shown

by a SEQ | DINER, ﬁeﬁéﬁVrR the HQYR aed the h&VEe therchtiisdiedyy dhaip thgentlre light
anti-tunori e xenogr af t
nodel usi ngWé@? %ﬁltrn% Péégggnl%)ﬁhﬂlrdq\r(?’ﬁﬂ%ﬁﬁﬁoé MER&l tgfﬁo%éfnﬂhia? rrag}a\gfva cells as
descri bed hdpeihy wSER [RINO nicstie rsefurtlztr clidbaquaggvzk@by bavthgemerumorg@ngisef er abl y
when adpm n re n 2 present
"mventi bh vporer EbvebuRRee Rl R ER ARy BRI bR ACH Bfehe T avR

t he entire dvddupachai-Hpdgkivés Bniphoea Naghiwachidd 43, de@ribtdhier@éntvheie heavy chain
and light c by a SEQ ID

RO heenn n BB RE o [ CheRS TR e PR SRS G BB B DR o

Most preferably, an antibody of the present invention wherein all six CDRs, the

HCVR, the LCVR, the HCVR and the LCVR, the entire heavy chain, the entire light

20  chain, or the entire heavy chain and light chain are limited by a particular sequence as
shown by a SEQ ID NO: herein is further characterized by inducing apoptosis of tumor
cells in an apoptosis assay as described herein. More preferred, an antibody of the
present invention wherein all six CDRs, the HCVR, the LCVR, the HCVR and the
LCVR, the entire heavy chain, the entire light chain, or the entire heavy chain and light

25  chain are limited by a particular sequence as shown by a SEQ ID NO: herein is further
characterized by inducing nuclear fragmentation and activation of caspase 3, hallmarks of
apoptosis, in multiple tumor cells including Namalwa and CEM cells when administered

between 2 pg/mL and 10 pg/mL.

30 EXAMPLES
Antibodies I, I1, I1I, TV, and V can be made and purified as follows. An
appropriate host cell, such as HEK 293 EBNA or CHO, is either transiently or stably



cells in an apoptosis assay as described herein. Mre preferred, an

anti body of the present invention wherein all six CDRs, the HCVR, the LCVR,
t he HCVR w00 12€VR, the entire heavy chain, the enti PeTIUSgéw/oadvas n, or
the entire heavy chain and light chain are [imted by a particul ar sequence
as shown by a SEQID NO herein is further characterized by inducing

nucl ear fragnentation and activation of caspase 3, hall marks of apoptosis,
in multiple tunor cells including Nanal and CEM cel |l s when adm ni stered
between 2 ng/nL and 10 nmg/ ni. EXAI\/PLESIX'E;H bodies I, Il, IIl, 1V, and V can
be made and purified as follows. An appropriate host cell, such as HEK 293
EBNA or CHQOransfscted witkpn t:xmwsiioemstqrnmswqibgymﬁ@disﬁ esim&@ opititlal an expr essi on

system for i b . USi Gi LC vector
ratio or a rg&et ltélm\r(}gé@@ésgcg rer?ﬁloe%cagg}g% gt%% %Yrg%&l Suc 1%1{%@%9110& f\lo 23,
SEQ I D NO %QIISEKQ PB HQ II2HO: $E(SEJQ'.IIN@D 2% SEQrIDSEQ 2MoNEEQ A7 Neh@7LC, such

ocroted, ke RS SHARTTS: Sl idd G0 B4 AR hdRel " For

exanpl e,5 t hecierd) iv purifisd ubmg@@)nweﬂé@rtbhmoapplsb@técﬁr@qm Pr@tegimipld thy G

Sephar ose FF ol um that has, bee ui I i br h a ati bl e buffer,
such as phd$ ‘&PQ‘%@FF%‘W@H”@M ?HHE f‘gﬁ TOtﬁI}l yﬁlg’la{?ﬁ‘hﬁl?ga ﬁ@&hﬁso renove

nonspeci f i chldh Beliilitgate @ WRR B @Bihatible 1 R ik a§@h¢sbmié'b1lfﬁer&l| sutueed(prm exanpl e,
by pH gradi ent such as 0.1 M sodi um phaosphate buffer to 0. 1M sodi um

citrate bufFhsrcopumnis gpshed i lemgygngspact iC&ﬁ%dl%wnaP@tl@& gwnaeod@f

SDSPAGE, ang eﬁltb%nfo@é;&nfb@é)bﬁ H ngél'ieTnh@ﬁc}pidrO' iff M(é@&mﬁlrbhbﬁ)h%ﬁahﬁélﬁm 6. glecpend| ng
on the i ntended use. The an be concentrated and/or sterile

filterel ust-hy! Wé%ﬁtf%tééhﬁ‘?rqﬁ%%g) s‘eﬁ@MYefr%@@mSea@%m@eéeCéﬁédsmﬁft PePE may be
effectivel YPAGEDaYl@%e%reC;%IEB”FhM Bl fon & %E'JI(HHI Q&heRliRE o YfelittSiRA

hydr ophobi c interaction, ion exchan hydr oxyapat it e chromat ogr aphy.

The purity &# Fh@a@hvdm@@bybwwtr@mgs@/wre@&mﬁl@mdapm;z cemays tichnigpasat er t han
99% The prg %ﬁy oph| l'i zed.
The am no &ﬂﬁ %%gﬁ%glga %@Léygén{flﬁégv bg%maorz%q%r ovi c}e(lg‘ﬁiqtll)l SEQ I D
NOs Human C)d@ﬁwhmgﬁke SDF&smnahyBrQWUOMQ1nltan¢nt1bn,twro¢1<CMa,wrSWOkyalpatnd| ng to CXCR4

S e 1341 b kAR A THE XA D8 AT LLAREL UL AL, IGRR g Pl by

To determ ne i interac CXCR4,
human | eukeﬁmwme{fﬁm@emhﬁbemﬁmﬂm@romdlog?@musm@mopmbzeds@He| n

amino acid sequences for these antibodies are provided below.

SEQ ID NOs
Antibody Heavy Light HCVR LCVR
Chain Chain

1 17 22 11 16

II 18 22 12 16
I 19 22 13 16
v 20 22 14 16

v 21 22 15 16

20
Antibody | HCDR1 | HCDR2 | HCDR3 | LCDR1 | LCDR2 | LCDR3
1 1 3 8 10




an 125l -1 abel ed SDF- | abinding assay. The assay is perfornmed in a 96-well
U-bottom non-treated pol ystyrene plate. The binding assay buffer is

pr epar ed WOt2no9RRM241640 nmedi um containing 10 mM PCT/US2009/043063

N- 2- hydr oxyet hyl pi perazi ne-N - 2- et hanesul fonic acid (HEPES), pH 7.5, and

0. 2% bovi ne serum al bumn (BSA). Briefly, 200 nL reaction m xtures
containing 300 pMligand (60 pM 125I-SDF-1a and 240 pMcold SDF-I a),

di fferent concentrations of the test an%i body in assay buffer, 100,000
human CCRF-CEM cells, and 0.5 ng sci ntilf1ation proximty assay (SPA) beads
are incubated at roomtenperature for 2 hours. Plates are then counted in a
liquid scintilljatidh ard | um nescence cadunter Bn SPA hode. COXCR4
ant agoni st s decfease—the boun(' radteactivity—+pthH-s—assay—ip—a
dose- dependent rranﬁgr Thel i nhi b'bS[ ory pétency | C30) of a t &t pnti body is
cal cul ated usi ng GhgphRad Prism spftywarg, baseq orn the dosejgependent
decrease of bound radigactivity. Antibodi es| exenpl|lified hereln exhibit an
| C50 value of 10 nMor |less in this assay. Forgexganpl®e, thel@nt| body 111
exhi bits an average LCE80 of 0145 nMin this assay The data denbnstrate

t hat anti bodi es exerrpl ified herein bind to human CXCR4 with hi gh affinity
and i nhi bi t yhyudRefidras Ib:hﬂ?j',l&%lg J%hlﬁltm@@@t axi s Assay CXCR4/ SDF- 1

interactio cells bearing CXCR4 on
their surface. 'S@debiedimgltreCXﬁBMmha@mni;tqi ingnidvatieg thel(¥CRecinirsdetlules of a

test antibogd ﬂah%%%afgh L gXi d%te9n%5a us! tnt%dpﬁc) ”at’ﬁo% tﬁ%m er%’ﬁtnon O{E@ch 1 37

cells that € ent ogenous oye l's, grown
i n Dul bei:coCXCR/bmuinaedHikgh'emmﬂ OEM(dBHNEMesmglbmogemgs @H%Rﬂetealsedbmw ne

serum 1% M nhs ti di um SOdI [ uv ution, 1% MEM
nonessent(l)aaf ﬁar%fzigﬁﬁ la%é‘?f{dvr%@saﬁ QF’/E? B R&cr %\T‘%ﬁ géegvflig]l '&Oﬁtﬁn\washezl once
with chgrmt@mtseaaa@alystpnhé plate( TKe BIHMnig :mdy bhliff@@lirﬁiafﬂdggt}ﬂlﬂPMM(HﬁPEg fPH
7.5, and 0. 3%.BSA ce are.resuspended_. I n assay buffer at
a concent r abf ‘111“18‘? %‘n%gié@\ﬁﬂ# 2‘?‘}@"3’@‘1}‘# 1%?3&?%3 Zsﬁtgf“feé ¥ 4K a” 96- wel |

cel I m gratiHaPERY ey, %@@Q% Bo\(une%&uﬁﬂ-allﬁfmlﬁ@ééA)mBﬁeH?eZOW'utLr}e&'hoW thout test
anti body, ranging fromO nmg/ mL to 50 ng/ i, ed on the upper

chamber 10 anl@ilXB@eSrﬁQn@fm@[ﬁﬁﬂlpl\/éKla@dlﬁ@] i)~ pSRpdredd 21*0 M coleit-bx s assay
butfer is a&i nggntggﬂéengatlo%wgg%\%%gtm?l?{)odygg &b Sf‘?e?gl%b%()o%l nggp(#&w 59t he

i ncubat ed for oXI de.
i ncubat i on, cels,rmhd 65 negedcintifintddn freximity osvay CSRAt) ibedils ias incubated at room

temperature for 2 hours. Plates are then counted in a liquid scintillation and luminescence

counter in SPA mode. CXCR4 antagonists decrease the bound radioactivity in this assay
15  inadose-dependent manner. The inhibitory potency (ICsg) of a test antibody is

calculated using GraphPad Prism software, based on the dose-dependent decrease of

bound radioactivity.

Antibodies exemplified herein exhibit an ICsq value of 10 nM or less in this assay.

For example, the antibody III exhibits an average IC50 of 0.45 nM in this assay. The data
20  demonstrate that antibodies exemplified herein bind to human CXCR4 with high affinity

and inhibit human CXCR4 binding to SDF-1.

Chemotaxis Assay

CXCR4/SDF-1 interaction regulates migration (chemotaxis) of cells bearing
25  CXCR4 on their surface. To determine the antagonist and cellular activities of a test
antibody, a chemotaxis assay using human histiocytic lymphoma U937 cells that express

endogenous CXCR4 is employed. Briefly, U937 cells, grown in Dulbecco’s Modified



added into the |l ower chanber. The plate is then incubated for 60 m nutes at
370C, and the mgrated cells are detected by neasuring the absorbance at
492 nm wiwb 200mi4er2epl at e reader. CXCR4 ant agoni st s i nhi pCt/usedos/omiogs at i on,
reduci ng the absorbance reading. The inhibitory potency (1C50) of a test
antibody in this assay is calculated using G aphPad Prism software, based
on the dose-dependent decrease of absorbance at 492 nm Anti bodies
exenplified herein exhibit an average | C50 value of 30 nMor less in this
assay. The antibody Il exhibits an ave age 1C50 value of 5.90 nMin this
assay. The data denonstrate that antibodies exenplified herein bind to
human CXCR4Eagild MediinglDa¥iEMnicontaiaing 1DthHEtl ovimg wemmCKGRinbhund Ersgntiad  SDF- | .
Eval uati on tib 4 t

Pl asmon RealeHindSHERg) TR SusBlinys TR RAEh R MED o2 SHL 47 S
measure bi nﬁigh@nhne]etellrasveaﬂtﬂaraif\flashedgnce Witk cBinaadiedssdy tuffict (1x &PMIhe opti cal

Concent r a1 BHGH cp REaPEIBH FRSESCU 2. Wi R ER e BT KO BT GSEISEF ot ri x

Except a& netependad in asmgeﬁér&taa@hcmataﬁbn af 3x a0’ecpumthasedssiy @m Bi acore(r)
AB (Upsal a, Sweden) measurenents are perfornmed at 4C. The bi ndi ng

experi ment R OHE‘?deBFr?éd”eé‘&%ﬁ%lgréﬁ“?Wpl%I% Gereypalyrh Af estlanirWrgvish oy
(Stenlund R, 1t1§ﬁpfé9%m§éh%/ éleﬁQ%ﬁlonué)éﬁi%é‘o RSmi( 290334 ARt Ry and

reconstitution of G profein-coupled receptors on a biosensor surface. Anal
Bi ochem 3 d8mByr, 2diB050) ofHidF- Na@t)alg/lrﬂﬂc) pectpamki ir{ Nameatotalxm\nssay buBods oski J,

szka DG | ubi.l i zati n cat i.qn,
A -l e T T R e AR SR S EER e e
339(2) : AV 1-@ilipr 59RINBOM@oxiué. f Byllovngab iﬁMHdEBES uL50ﬂEMl mgmmﬂ@blﬁmmﬁi de, 1mM
calciumchloride, 150 nM sodi um.chl or] de, nq The human
CXCR4 1 eceptddpd iffa the lower ghambaia| Theiplideis theg 11&?@13’1‘ por é%am(u@@%bcmd thy) s

cloned and ﬁig%@mn%%%@te&t@d sﬁﬁba@@nﬁmmﬁﬁn@f@m SRt alfhclopRicSame manner
as descrl bed previously by MTrzabekov et al SM rzabekov, N. Bannert, M

Far zan, FraARCRP antrgrmiti inkikyy cell migrgtioneduging the ainerbance redingodke -

Enhanced ex L i f CCR5, a
o acs o USRS CYR BUEk o) a0 gk agtiglngl S8,

The Ct el nidisn joffeare, w%@pthﬁd@setdagendsntrde@rwnpﬁémowynqehé@mm nmonocl onal
anti body (D.D. %{tfb@(ﬂes &e 111“@1'1%?@{ e@ﬂm Jﬁaa% C%B@allﬁieg? dﬂ&\? 8@[&@3 in
ey

Expression of a synthéetic Bovine r opsin ge e in non ney cells.
Proc. Natl .thiAasdy. Bad antibSi I8I4ex(1ij99871) gvepge 1@®adlue of 5.90 nM in this assay. The

data demonstrate that antibodies exemplified herein bind to human CXCR4 with high
affinity and inhibit human CXCR4 binding to SDF-1.
20

Evaluation of binding activities of anti-CXCR4 antibodies by Surface Plasmon

Reasonance (BIAcore)

A Biacore® 2000 instrument is used to measure binding kinetics and affinity.

The Biacore® utilizes the optical properties of surface plasmon resonance to detect

25  alteration in protein concentration of interacting molecules within a dextran biosensor
matrix. Except as noted, all reagents and materials are purchased from Biacore® AB
(Upsala, Sweden). All measurements are performed at 4°C. The binding experiment is
performed essentially as described in Stenlund et al (Stenlund P, Babcock GJ, Sodroski J,
Myszka DG. (2003) Capture and reconstitution of G protein-coupled receptors on a

30  biosensor surface. Anal Biochem. 316(2):243-50) and Navratilo et al (Navratilova I,
Sodroski J, Myszka DG. (2005) Solubilization, stabilization, and purification of



8878). Binding is evaluated using nultiple analytical cycles as follows.
1D4 Mab (Monocl onal clone 1D4, University of British Colunbia) is

i mmobi | i 280 20@/@a02Wb chip via am ne coupling (about 10, POPARRYOOBORESONance
Units antibody). Cells are resuspended in 20 mM

tris(hydroxynet hyl ) am nonet hane (pH 7.0), 0.1 M ammoni um sul phate, 10%

gl ycerol, 5 mM magnesi um chl oride, 1nmM cal cium chloride, plus conplete

et hyl enedi am netetraacetic acid-free protease inhibitor tablet. 4x1 06
cells/m final for injection onto the i p (i.e. 2.0xI06 cells, 0.5 nL
final volune) are used. Transfected cells and running buffer with detergent
( 2% chol est@leylbkiherﬁcsm@re using boswt@techi@ogyd ddeld3ibchenl 8 852)d81-310%

3. [(3- Chol g, dapromel ) dh IRk PLbRTTD A Pl L RORAAESHL 10RR il okl © OF 5

1(ce||sto er VO i0)” are mXxer. This
m xture is Iﬁ@GnMasbmdmfohroan 2mmgionfl 3S A, At BF. Thﬁ(iuiﬁ&hl@fﬂﬂéﬁl@ceﬂtormihwtﬁil i zed

recept or |s ted ver te /m.nute. The
Ganphe | oopeang Rt Rk RHURARRT Y Hopet diofeRior s By “an

i njectian orhylaacymé_CﬂfThaﬂtsnbdré)sa@é mfahlmnlasr @etsénheﬂ pic@dusil, bl Mirsabekov et chip is
t hen regen econ mV sod] roxide + 1%
ot y1 b R by AR SR 00 ni R KOREESE: St Mok HOETishet ant <
CkOn") and ﬁssc&@ﬂdlmﬂheﬁbeﬂ ai@es@mﬁsliaa{aé §ur(ﬁcKtﬁ)cfn aﬂd d‘helracteﬁialﬁoﬁksfc@eRarae

eval uat ed usi ng ) mass transfer” bin 7g nodel in the

Bl Aeval uat .laﬁlcgoalrlf%ﬂ éoreoqaer 5 Biol ey SE0dPRD; %2%&1%5%8369) akaGt is
cal cul at ed t’@Mmh:ﬁ@mf}Q'@@ﬁJ 1dekB & rdde@Mizea Uil N84 RioRGhidigl Adb&yRDEDS ar e

sumar i zed bel ow. The dat adenonstrate that anti bodi es exenplified herein

bi nd t olhun@priaexeRaMaiday. Ti-diruipgn ad (), Calhborpigh Exiression o m sXOXERa beYirdi ng t o
SDF-1.  Ant 'rh&!l*Uﬁ@ﬂh gpﬁé 1'n\ﬁ'1c}:n)€e}’ ﬂd@ey%@l@i’%nﬁatmca@ Y 'U%N 84“@91@) p%%ﬁf/ CXCR4

interaction appears to play an irnportant role in mltiple stages of
t unori genes$&d).i ncl udi ng tunmor growt h, invasion, angi ogenesis, and

metastasis. To %{RAIH%]%%YAI&%C! dﬁés ga}ﬂ&lh%lE %tg@%&%& L Ysoftbw dsa IES¥ant | body in

cancer, a tunor Xeno usin ce and human non- Hodgki n' s
| ynphoma Naividnpelona cloge 1194 dhpvemy‘efd)f BBtisle€blymbRD B, 1000bNasetb W ethis i xed

wth g 198l e DS TR AP BUPSUARRURLY o B8 ey R ] ank of the

ani mal s.” The'| f oW a e di nensi ons of
whi ch can hesmpmmemmmshly{ tnx(hydrmmnbﬂaznmnnmmsﬂmmipﬁszmgo aM:ahmpmum To

determ ne t h?phate Yd‘%/ glyggrgli, g ?‘I&X m%];gne%lu%lec tlorf’%lnt mg/fjgalclu?m tcfﬁorlde pfj el animals
complete ethylenediaminetetraacetic acid-free protease inhibitor tablet. 4x10° cells/mL
final for injection onto the chip (i.e. 2.0x10° cells, 0.5 mL final volume) are used.

20  Transfected cells and running buffer with detergent (2% cholesteryl hemisuccinate ester,
10% dodecyl maltoside, 10% 3-[(3-Cholamidopropyl)dimethylammonio]-1-
propancsulfonate) at a ratio of 5:1 (cells to buffer volume ratio) are transferred into an
auto-mixer. This mixture is incubated for 10 minutes. After incubation 150 pL
solubilized receptor is injected over 1D4 surface at a flow rate of 20 pL/minute. The

25  sample loop is then washed with running buffer. This is followed by an injection of 20
uL of antibody at flow rate of 100 uL /minute. The chip is then regenerated with two 10
second pulses of 10 mM sodium hydroxide + 1% n-octyl-B-D-glucopyranoside at 100
puL/minute. Association rate constants (“k,,”) and dissociation rate constants (“kos’) for
each cycle are evaluated using a “1:1 with mass transfer” binding model in the

30 BlAevaluation software. “Kp” is the dissociation constant and it is calculated by the

formula: kot /kon=Kp. The binding parameters are summarized below. The data
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employed. Briefly, 200,000 Namalwa cells mixed with matrigel (1:1) are implanted

subcutaneously into the rear flank of the animals. The implanted tumor cells grow as

solid tumors, the dimensions of which can be continuously monitored and measured using

a caliper. To determine the in vivo efficacy of a test antibody in this model, animals

(10/group) are treated with different doses of test antibodies dissolved in saline or

phosphate buffered saline, 48 hours post tumor cell implantation. Antibodies are dosed

subcutaneously in the range of 1 pg/mouse, 10 ug/mouse, and 100 pug/mouse, and tumor

volume and body weight are determined every 2 or 3 days. The studies last generally 3-4

weeks, depending on the tumor growth. The anti-tumor growth activity of a test antibody

is determined by the percent reduction in tumor volume in treatment groups compared to

tumor volume in control groups treated with vehicle alone.

Antibody I inhibits tumor growth in this assay when administered at 10pg/mouse,

which is approximately 0.4 mg/kg. The data demonstrate that Antibody I has

tumorigenesis activity by preventing tumor growth.

el ,
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A dose-dependent tunor growth inhibition is observed anong Anti body |
treatnent groups conpared with vehicle and isotype 1gG control groups.
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Apoptosi s Assay To investigate if CXCR4 anti bodi es i nduce apoptosis,
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treatment, cells are fixed with 3.7% fofmal dehyde and washed in DPBS. Cells
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st ai ni ng. SE I._ L stj ng. Heav i Q%EF%EMNO 1 GFTSTDYYFS SEQ I D

NO: 2 FI RTKSREH _05&‘52% Mow ?@]@Jﬁa@ £ 1SEQ 1D No: 4

FI RSKSKGYTTEYSCBMK@uate in vivo anti-tumor activity of a test antibody in cancer, a tumor

15  xenograft model using NOD/SCID mice and CEM cells is employed. Briefly, 5.0x10°

CEM cells mixed with matrigel (1:1) are implanted subcutaneously into the rear flank of
the animals. The implanted tumor cells grow as solid tumors which can be continuously
monitored and measured by caliber. To determine the efficacy of a test antibody in this
model, animals (10 each group) are treated with 10 pg/mouse, 30 pg/mouse, or 100

20  pg/mouse of test antibody 24 hours post tumor cell implantation. The antibody is dosed
subcutaneously once every 4 days, and the tumor volume and body weight are measured
every 2 or 3 days.

A dose-dependent tumor growth inhibition is observed among Antibody I

treatment groups compared with vehicle and isotype 1gG control groups. Antibody I at

25  all three doses inhibits tumor growth significantly.

Apoptosis Assay

To investigate if CXCR4 antibodies induce apoptosis, multiple tumor cell lines
expressing high levels of CXCR4 are treated with test antibody. The cells are treated with
30  different concentrations of test antibody for 2-4 days in their growth medium with 1% or
10 % FBS. After treatment, cells are fixed with 3.7% formaldehyde and washed in D-
PBS. Cells are permeabilized with 0.1% Triton X-100 in D-PBS, washed and blocked in



SEQ I D NO: 5 FI RYKSKGYTTEYSGSVKG SEQ | D NO: 6 FI RNKRKGYTTEYSGSVKG SEQ | D NO. 7
FI RHKSKGYTTEYSGSVKG Li ght Chain CDRs SEQ | D NO 8 KSSQSLFENSRTRKKYLA SEQ | D
NO 9 WASKRES0®E@12D NO 10 KQSRFLRA Heavy Chain Vari abl @CRaGam®4®EQ | D NO
11 EVQLVESGGGEVQPGGSLRL SCAASGFTSTDYYFSW/RQAPGKGLEW/GFI RTK
SKGYTTEYSGSVKGRFTI SRDDSKNSL YLQVNSLKTEDTAVYYCAREPI TTDPRD YWGQGTLVTVSS SEQ | D
NO 12 EVQLVESGGGE VQPGGSLRLSCAASGFTSTDYYFSW/RQAPGKGLEW/GFI RSK
SKGYTTEYSGSVKGRFTI SRDDSKNSL YLQVNSLKTEDTAVYYCAREPI TTDPRD YWGQGTLVTVSS SEQ | D
NO 13 EVQLVESGGGVQPGGSLRLSCAASGFTSTDYYFSW/RQAPGKGLEW/GFI RYK
SKGYTTEYSGSVKGRFTI SRDDSKNSL YLQVNSLKTEDTAVYYCAREPI TTDPRD YWGQGTLVTVSS SEQ | D
NO 14 EVQIVPSSEGLOIEASE RSSCARBGHT SEDYNEBWRQAPEKELYENE ! RNK-activated

T R BT AR RN TS 0

SKGYTTEYSGSNKBRAT ICSREORSKMSho 2@MNSIVKITHD PRS YNGAREP M E PRD oG Levd VSSLI ght
Chai n Vari

DO QBPDS Ve R R SR NS SRR ARG RO Hoschs: 3334

5 (Invitrogen, Carlsbad, CA) diluted in D-PBS with 1% BSA. Stained plates are scanned

using ArrayScan Vti (Cellomics, Pittsburgh, Pennsylvania) and the Target Activation
bioapplication is used for quantitation of fluorescent signal.

The results demonstrate that Antibody I induces nuclear fragmentation and
activation of caspase 3 in multiple tumor cells including Namalwa and CEM cells.

10 Nuclear fragmentation and caspase 3 activation are hallmarks of apoptosis. Therefore, the
data demonstrate that Antibody I induces apoptosis of tumor cells when administered
between 2 pg/mL and 10 pg/mL.

To further confirm that Antibody I induces apoptosis, annexin V changes are
investigated by flow cytometry in Namalwa cells after treatment with test antibody or

15  isotype IgG control. Antibody I induces a dose-dependent increase of annexin V, while
isotype IgG has no effect. Furthermore, Antibody I induces apoptosis which is also
observed in CEM xenograft tumors by TUNEL staining,

20



WASKRKSGVPDRFSGSGSGTDFTLTI SSLQAEDVAVYYCKQSRFLRAFGQGTKLE | K Conpl et e Heavy
Chains SEQ ID NO. 17 EVQLVESGGGLVQPGGSLRLSCAASGETSTDYYFSWRQAPGKGLEW/GFI RTK
SKGYTTEY S@B\VHKERETI26RDDSKNSL YL QUNSLKTEDTAVYYCAREP! TTDPRDPCT/US2009/043063
YWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKD YFPEPVTVSWNS

GAL TSGVHTFPAVL QSSGL YSL SSWIVPSSSL GTKTYTCNVDHKPSNTKVDKRV
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLM SRTPEVTCVWWDVSQEDPEVQ
FNVWVDGVEVHNAKTKPREEQFNSTYRWSVL TVL HQDVIE NGKEYKCKVSNK

GLPSSI EKTI SKAKGQPREPQVYTL PPSQEEMTKNQVSLTCLVKGFYPSDI AVEVE

SNGQPENNYKT TPPVLDSDGSFFL YSRL TVDKSRWOEGNVFSCSVVHEALHNHY TQKSLSLSLG SEQ | D
NO 18 EVQSESEBHIMDRCCSL RLSCAASGFTSTDYYFSWRQAPGKGL EW/GFI RSK
SKGYTTEYSGSVKGRFTI SRDDSKNSL YL QVNSLKTEDTAVYYCAREP| TTDPRD

YWGQGTL VTV IBASTIEREVEBRAPCSRST SESTAAL GCL VKDYFPEPVTVSWKS

GAL TSGVHTFPAVLQSSGL YSL SSWIVPSSSL GTKTYTCNVDHKPSNTKVDKRY ESKYGPPCPPCP
APEAAGGPSVRLIEPRKRKDITLM SRFPEMICYIBVSQEDPEVQ
FNVWVDGVEVHNAKTIXRREE Q- NSTTRRRSK GV HOSMENGKE YK CKVSNK

GLPSS| EKTI SKAKGORREPQVY TEPRSOPRUFKNQVSL TCLVKGFYPSDI AVEVE
SNGQPENNYKTIIRP W REDESF FL MBRKRHOKSRWESMNASCSVVHEALHNHY TQKSLSLSLG SEQ | D
NO 19 EVQYESEENOYOPCCSERNSCAASCETST SYYFROVROAPCGKGLEWGH RYK

SKGYT TEMBGSY R NOSRDDSKNRINKIERBISBIC KE EBGEAVICEICAREPI TTDPRD

YWGQGTLVTVSSASTIK QOSYFPLAPGSRIIGEST AR SGE VKB YFPEPVTVSWNS
GAL TSGVHTFPAVL QSSGL YSL SSWITVPSSSL GTKTYTCNVDHKPSNTKVDKRV

ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLM SRTPEVTCVWVDVSQEDPEVQ
FNVWVDGVEVHNAKTERRE GRS TYRVVSVL TVL HQDW. NGKEYKCKVSNK

15

SEQ ID NO:8 KSSQSLFNSRTRKKYLA
SEQ ID NO:9 WASKRKS
SEQ ID NO:10 KQSRFLRA

20
Heavy Chain Variable Regions

SEQ ID NO:11
EVQLVESGGGLVQPGGSLRLSCAASGFTSTDYYFSWVRQAPGKGLEWVGFIRTK

25  SKGYTTEYSGSVKGRFTISRDDSKNSLYLQMNSLKTEDTAVYYCAREPITTDPRD
YWGQGTLVTVSS

SEQ ID NO:12
EVQLVESGGGLVQPGGSLRLSCAASGFTSTDYYFSWVRQAPGKGLEWVGFIRSK

30 SKGYTTEYSGSVKGRFTISRDDSKNSLYLQMNSLKTEDTAVYYCAREPITTDPRD
YWGQGTLVTVSS

SEQ ID NO:13
EVQLVESGGGLVQPGGSLRLSCAASGFTSTDYYFSWVRQAPGKGLEWVGFIRYK

35 SKGYTTEYSGSVKGRFTISRDDSKNSLYLQMNSLKTEDTAVYYCAREPITTDPRD
YWGQGTLVTVSS

SEQ ID NO:14
EVQLVESGGGLVQPGGSLRLSCAASGFTSTDYYFSWVRQAPGKGLEWVGFIRNK

40 RKGYTTEYSGSVKGRFTISRDDSKNSLYLQMNSLKTEDTAVYYCAREPITTDPRD
YWGQGTLVTVSS

SEQ ID NO:15
EVQLVESGGGLVQPGGSLRLSCAASGFTSTDYYFSWVRQAPGKGLEWVGFIRHK

45  SKGYTTEYSGSVKGRFTISRDDSKNSLYLQMNSLKTEDTAVYYCAREPITTDPRD
YWGQGTLVTVSS



GLPSSI EKTI SKAKGQPREPQVYTLPPSQEEMTKNQVSL TCLVKGFYPSDI AVEVE
SNGOPENNYKT TPPVLDSDGSFFLYSRL TVDKSRWOEGNVFSCSVMHEALHNHY TCOKSLSLSLG SEQ | D
NO 20 EVAROEBOAELNOQPGGSLRLSCAASG-TSTDYYFSWRQAPGKGL EW/GPLCRNIS2009/043063
RKGYTTEYSGSVKGRFTI SRDDSKNSL YL QVNSLKTEDTAVYYCAREPI TTDPRD
YWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAAL GCLVKD
YFPEPVTVSWNSGAL TSGVHTFPAVLQSSAL YSLSSWTVPSSSL GTKTYTCNVDHKPSNTKVDKRY
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLM SRTP CVVWDVSQEDPEVQ
FNVWVDGVEVHNAKTKPREEQFNSTYRWSVL TVL HODVERIGKEYKCKVSNK
GLPSSI EKTI SKAKGQDREPQ\/YTLPPSQEEMI’KNQ\/SLTCLVKGFYPSDI AVEVE
SNGOQPENNYKTL )H USTOBDK SRNVQEGNVFSCSVMVHEALHNHY TOQKSLSLSLG SEQ | D
NO 21 EVQ_VESGGGLVQDGGSL RLSCAASG-TSTDYYFSW/RQAPGKGELEW/GHI RHK
SKGYTTEYSGSSAGRF NICBRDDSKNSL YL QUNSL KTEDTAVYYCAREP! TTDPRD
WLWVWWWSWWEWFGQPPKLLH
GALTSGVHT FPAYISREBS 3 (MY
APEAAGGPSVFIIKFPPKPKDTLI\/I SRTPEVTCVVVDVSQEDPEVQ
FNVWYVDGVEVHNAKTKPREEQFNSTYRWSVL TVL HQDW.NGKEYKCKVSNK
GLPSSI EKTI SKAKGQPREPQVYTLPPSQEEMTKNQVSL TCLVKGFYPSDI AVEVE
SNGOQPENNYKTF siiRpieteFRESF EinY il TVDKSRWOEGNVFSCSVMHEALHNHY TQKSLSLSLG Conpl et e
Li ght Chpin SEQ I D NO 22
DGVMT QSPDSLEBLERRAI NOKSSQSL FNSRTRKKYL AWYQQKPGQPPKLLI Y
WASKRKSGVPDORFSGSESGE O Mo Gest i A OMAASIGKIERAIFAF ARG ARIK GLEWVGFIRTK
| KRTVAAPSVH iEEPSRERLESEARY Y RDIDERRREAKY MO RNVAHSISENSRC AREPITTDPRD
ESVTEQDSKDSHX SRSV KR RFIMACRCTHRGrSEE VA KBENRERS Wual oty fignSequences
- Heavy;ChagR1 Y86 altEeARR s S5 v INPPESS LG TR TY TCNVDHKPSNTK VDKRV
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQ
FNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
GLPSSIEKTISKAKGQPREPQVY TLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVESCSVMHEALHNHY
20 TQKSLSLSLG

SEQ ID NO:18
EVQLVESGGGLVQPGGSLRLSCAASGFTSTDYYFSWVRQAPGKGLEWVGFIRSK
SKGYTTEYSGSVKGRFTISRDDSKNSLYLQMNSLKTEDTAVYYCAREPITTDPRD

25  YWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRV
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQ
FNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
GLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWE

30 SNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHY
TQKSLSLSLG

SEQ ID NO:19
EVQLVESGGGLVQPGGSLRLSCAASGFTSTDYYFSWVRQAPGKGLEWVGFIRYK

35 SKGYTTEYSGSVKGRFTISRDDSKNSLYLQMNSLKTEDTAVYYCAREPITTDPRD
YWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRV
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQ
FNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK

40  GLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHY
TQKSLSLSLG

SEQ ID NO:20

45 EVQLVESGGGLVQPGGSLRLSCAASGFTSTDYYFSWVRQAPGKGLEWVGFIRNK
RKGYTTEYSGSVKGRFTISRDDSKNSLYLQMNSLKTEDTAVYYCAREPITTDPRD
YWGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNS



GAGGT GCAGCTGGTGGAGT CTGGEGGEGAGECT TGGT CCAGCCTGRAGEGT CCC
TGAGACTCTCCTGTGCAGCCTCTGGCT TCACCAGTACCGACTACTACTTTAGC

TGGGT CCGOUAGBOTANRGEGAAGCCGCTGGAGTGGGT TGECTTCATCCGGA  PCT/US2009/043063
CGAAGT CGAAGGGCTACACCACCGAGT ACAGCGGECAGCGT GAAGGGCAGAT
TCACCATCTCAAGAGATGATTCAAAGAACTCACTGTACCTGCAGATGAACAG
CCTGAAAACCGAGGACACGGCCGT GTATTACT GTGCTAGAGAGCCCATCACC

ACCGACCCT CGGGACT ACT GGGGCCAAGGGACCCTGGTCACCGTCTCCTCA SEQ | D NGO 24
GAGGTGCAGCTGGTGGAGT CTGGEGEGEGAGECTTGGT CCA GGAGGGTCCC
TGAGACTCTCCTGT GCAGCCTCTGGCTTCACCAGIACCGACTACTACTTTAGC

TGGGT WMM@MVWVDHKPSNTKVDKRV
CTAAGT CGAAGESET B CERAD RERGIAGESRABEYTCVVVDVSQEDPEVQ
CACCATCT CAAKBAWVEW AABIRBA ARKDBGW LNGKEYKCKVSNK
CT GAAAACCGAMW@QMW@UF PEAFAG AOTCA. VKGFYPSDIAVEWE
mmmmmmmmmﬁ@cmmmHNHY
GAGGT GCAGCTRIR SIGTCT GGGGGAGGCT TGGT CCAGCCT GGAGGGTCCC

TGAGACTCTCCTGT GCAGCCTCTGGCTTCACCAGIACCGACTACTACTTTAGC

TGGEGET CCGCCASMIEMBAACHSGCT GGAGT GGGT TGGCT TCATCCGGT

ATAAGT CGAA! 32 SRCGAOAPGKGLEWVGFIRHK
CACCATGF@M@@RT@B%@MGM@T@@TWQ@MIW@VWCAREHTTDPRD
CT GAAAACCCGABR ACHGCOE SA SN AT GITEAIPNINASECCAACACTA K DYFPEPVTVSWNS
CCGACCCT CCGRALCTACT SRR UADHSSGAYELS S35] CHCSEII T UCTEACREOHKP INTKAPDK R V
GAGGT ww@mmger%CVVVDVSQEDPEVQ

TGAGACT CT CGhGl S ASE A G RKIT Mf‘@ﬁ BV NGKEYKCKVSNK
me&w VKGFYPSDIAVEWE
ACAAGCGGAA PERGGRGFPD OV FSCSVMHEALHNHY
TCACCATCT 1A CAAAGAACT CACTGTACCTGCAGAT

CCTGAAAACCGAGGACACGEECCGTGTATTACTGT GCT. AGAGAGCCCATCACC
ACCGACCCT CGGGACTACT GEEECCAAGGGACCCT GGTCACCGT CTCCTCA

20 Complete Light Chain

SEQ ID NO:22
DIVMTQSPDSLAVSLGERATINCKSSQSLFNSRTRKKYLAWYQQKPGQPPKLLIY
WASKRKSGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCKQSRFLRAFGQGTKLE
25 IKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Nucleotide Sequences - Heavy Chain Variable Region

30
SEQ ID NO:23
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCCAGCCTGGAGGGTCCC
TGAGACTCTCCTGTGCAGCCTCTGGCTTCACCAGTACCGACTACTACTTTAGC
TGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTTGGCTTCATCCGGA

35 CGAAGTCGAAGGGCTACACCACCGAGTACAGCGGCAGCGTGAAGGGCAGAT
TCACCATCTCAAGAGATGATTCAAAGAACTCACTGTACCTGCAGATGAACAG
CCTGAAAACCGAGGACACGGCCGTGTATTACTGTGCTAGAGAGCCCATCACC
ACCGACCCTCGGGACTACTGGGGCCAAGGGACCCTGGTCACCGTCTCCTCA

40 SEQ ID NO:24
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCCAGCCTGGAGGGTCCC
TGAGACTCTCCTGTGCAGCCTCTGGCTTCACCAGTACCGACTACTACTTTAGC
TGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTTGGCTTCATCCGGT
CTAAGTCGAAGGGCTACACCACCGAGTACAGCGGCAGCGTGAAGGGCAGATT

45 CACCATCTCAAGAGATGATTCAAAGAACTCACTGTACCTGCAGATGAACAGC
CTGAAAACCGAGGACACGGCCGTGTATTACTGTGCTAGAGAGCCCATCACCA
CCGACCCTCGGGACTACTGGGGCCAAGGGACCCTGGTCACCGTCTCCTCA



SEQ I D NO 27 GAGGTGCAGCTGGT GGAGT CT GECGGAGGCT TGGT CCAGCCT GGAGGEGT CCC
TGAGACTCTCCTGI GCAGCCTCTGGCTTCACCAGTACCGACTACTACTTTAGC
TGGGT CCCHAGBUNMBORAGCEAAGCECCTGGAGTGEGTTGECTTCATCCGEC PCT/US2009/043063
ACAAGT CGAAGGGCTACACCACCGAGT ACAGCGGCAGCGT GAAGGGCAGAT
TCACCATCTCAAGAGATGATTCAAAGAACT CACTGTACCTGCAGATGAACAG
CCTGAAAACCGAGGACACGGECCGTGTATTACTGTGCTAGAGAGCCCATCACC
ACCGACCCTCGGGACTACT GGEGCCAAGGGACCCTGGTCACCGTCTCCTCA Nucl eoti de Sequences -
Li ght Chain Variable Region SEQ I D NO~
GACATCGT GATGACCCAGT CTCCAGACTCCCTGGCTGT GTCTCTGGGECGAGAG
GGCCACCATCAACT GCAAGAGCAGCCAGAGCCT GT TCAACAGCCGGACCCEG
AAGAAGT ACCTSIEZUT BOTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGC
TCATTTACT CGEESCAGCARGNGAAABBGBCIES TEEBFGACCATITEAGTIGRGCCTGGAGGGTCCC
CAGCGGEGT CTEEAGAGATT TCAGTTINGOATCAGGABTCRGCAGINGABACTACTACTTTAGC
GATGT GCGAGTTFAT TACTETMEEBACGACECGCGRAAGFGAGRACCAIITGBCTAGGCTTCATCCGGT
AGGGACCAACGA GEAGATGAWG G5 TeATAITAI A (LG GREIT ACA (RepE ¢ A6 CGa g AAGGEInaA TAXCRA
Recept or SEHQ\COANOTZA ATEAGQVARAHG AN CXOREC SEQGITR D@ GATGAACAGC
MEG SSI PL PLCTH XASANEENGEGATISMKER CF REENANFRKIGETRAG AMSAGEICCATCACCA
TG VANGLVI LMMEX QSIKITRBMICKY RA it SUSAATAA GEEBRAMNIRGANNCCGTCTCCTCA
FGNFLCKAWVHVI YTVNLYSSVLI LAFI SLDRYLAI VHATNSQRPRKLLAEKWYVG
VW PALLLTI RE¥ch FANGSEADDRY! CDRFYPNDLVWVVFQFQHI WGLI LPG VI L
SCYC || SKL SHRsGHARRE KA d VG BhcAf I G0 X Ga (Shidrit d ¢ AL EKREEAIG GG TCCC
ENTVHKW S| TEA BRICHEPARIATG G CEKE KT EARIAIA TRMIRESEEA EFKETACTTTAGC
KRGGHSSVSTERESESEHES dAUBaT EXEBE S0 06 I ACIER T EGHPraE CTTCATCCGGA
MBI PLPLLA YA SRNG Herat G0 oe MR & REEDNARNE At RI G Y ROIIENA GGGCAGAT
TCACCATCTCAAGAGATGATTCAAAGAACTCACTGTACCTGCAGATGAACAG
CCTGAAAACCGAGGACACGGCCGTGTATTACTGTGCTAGAGAGCCCATCACC
ACCGACCCTCGGGACTACTGGGGCCAAGGGACCCTGGTCACCGTCTCCTCA

20  SEQ ID NO:27
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCCAGCCTGGAGGGTCCC
TGAGACTCTCCTGTGCAGCCTCTGGCTTCACCAGTACCGACTACTACTTTAGC
TGGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGTTGGCTTCATCCGGC
ACAAGTCGAAGGGCTACACCACCGAGTACAGCGGCAGCGTGAAGGGCAGAT

25 TCACCATCTCAAGAGATGATTCAAAGAACTCACTGTACCTGCAGATGAACAG
CCTGAAAACCGAGGACACGGCCGTGTATTACTGTGCTAGAGAGCCCATCACC
ACCGACCCTCGGGACTACTGGGGCCAAGGGACCCTGGTCACCGTCTCCTCA

30 Nucleotide Sequences - Light Chain Variable Region

SEQ ID NO:28
GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAG
GGCCACCATCAACTGCAAGAGCAGCCAGAGCCTGTTCAACAGCCGGACCCGG

35 AAGAAGTACCTGGCCTGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGC
TCATTTACTGGGCCAGCAAGAGAAAGAGCGGGGTCCCTGACCGATTCAGTGG
CAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGGCTGAA
GATGTGGCAGTTTATTACTGTAAGCAGAGCCGTTTTCTGAGAGCCTTTGGCCA
AGGGACCAAGCTGGAGATCAAA

40

C-Terminal Linear C9 Peptide Tag for Human CXCR4 Receptor

SEQ ID NO:29 TETSQVAPA
45



GNGLVI LVMGYQKKLRSMIDKYRLHL SVADL L FVI TLPFWAVDAVANWYFGNIF

LCKAVHVI YTVNLYSSVLI LAFI SLDRYLAI VHATNSQRPRKLLAEKVWYVGYW P

ALLLTI PDRVBADMBEADIDRY! CDRFYPNDLW/VVFQFQH MWGLI LPG VI LSCPCT/US2009/043063

| 11 SKLSHSKGHQKRKALKTTVI LI LAFFACALPYYI G SI DSFI LLEI | KQGCEFENTV

HKW SI TEALAFFHCCLNPI LYAFL GAKFKTSAQHAL TSVSRGSSLKI LSKGKRGG HSSVSTESESSSFHSS
Human CXCR4 isof orm B SEQ | D NO 32

MVEQ S| YTSDNYTEEMGSCGDYDSMVKEPCFREENANFNKIL FLPTI YSI | FLTA VGNG

LVI LVMGYQKKLRSMIDKYRLHL SVADLLFVI TL PFWAYDAVANWYFGNFL CK

AVHVI YTVNLYSSVLI LAFI SLDRYLAI VHATNSQRPRKLLAEKVWYVGVW PALL LTI PDFI F
ANVSEADDRY| XDDREY PNOURAY/NVFQFQH MGLI LPA VI LSCYCI 11 S

KL SHSKGHQKRKALKTTVi Li LAFFACW.PYYI G SI DSFI LLEI | KQGCEFENTVHK

W S| TEAL AFFHEZTUNRICLYAFL GAKFKTSAQHAL TSVSRGSSLKI LSKGKRGGHSS  VSTESESSSFHSS
Human SDF- | MEGEEIPLELINOYIBZDNYTEEMGSGDYDSMKEPCFREENANFNKIFLPTIY SIIFL

KPVSL SYRCPCREFMESHYRRANMELY KK KNTESNCAD KIY RARIT ESNMYRQCS TDEREWKWIREYA ERAL NKWE
CLAIM 1. AGNRROKaNgVIEErad YASMLDoAN SODRY TN TNHIATHN SQRARKEMAEKEVEYG t hat
bi nds humanv @XER4LLEROFMAXYSEADDRYNCDRES PRNDLAVVIGVBOF Qe GEDEPGIVIL SEQ | D
NO 33) to G(CRANEKIISHSK GHSORRKALKITOvAnI L GXERE WEP We RIS IS MM BNKQGCES nM in a
human CXCRAENTLEKWSBEFH A 19A o HOT IMgPIILIYA HDIGA KOFK ESYS@ A RS S USBGS$ e SRey ei n; b,
i nhi bi t 5 M PREGHSSVSTESESSSFH¥Sar i ng CXCR4 on their surface with an | C50
between 30 nMand 0.3 nMin the chenpotaxis assay as described herein; and
c. exhibits an affinity, KD between 15 nMand 0.05 nMin the Surface

Pl asnon ReagpmaRexd® ReRrs)A assay as descri bed herein. 2. The anti body of
Claim 1, which inhrbrts brnding of human SDF- | a (SEQ ID

15 SEQID NO:31
MSIPLPLLQIYTSDNYTEEMGSGDYDSMKEPCFREENANFNKIFLPTIYSIIFLTGIV
GNGLVILVMGYQKKLRSMTDKYRLHLSVADLLFVITLPFWAVDAVANWYFGNF
LCKAVHVIYTVNLYSSVLILAFISLDRYLAIVHATNSQRPRKLLAEKVVYVGVWIP
ALLLTIPDFIFANVSEADDRYICDRFYPNDLWVVVFQFQHIMVGLILPGIVILSCYC

20  TISKLSHSKGHQKRKALKTTVILILAFFACWLPY YIGISIDSFILLEIIKQGCEFENTV
HKWISITEALAFFHCCLNPILY AFLGAKFKTSAQHALTSVSRGSSLKILSKGKRGG
HSSVSTESESSSFHSS

25 Human CXCR4 isoform B

SEQ ID NO:32
MEGISIYTSDNYTEEMGSGDYDSMKEPCFREENANFNKIFLPTIYSIIFLTGIVGNG
LVILVMGYQKKLRSMTDKYRLHLSVADLLFVITLPFWAVDAVANWYFGNFLCK

30  AVHVIYTVNLYSSVLILAFISLDRYLAIVHATNSQRPRKLLAEKVVYVGVWIPALL
LTIPDFIFANVSEADDRYICDRFYPNDLWVVVFQFQHIMVGLILPGIVILSCYCIIIS
KLSHSKGHQKRKALKTTVILILAFFACWLPYYIGISIDSFILLEIIKQGCEFENTVHK
WISITEALAFFHCCLNPILYAFLGAKFKTSAQHALTSVSRGSSLKILSKGKRGGHSS
VSTESESSSFHSS

35

Human SDF-1 a

SEQ ID NO:33
40 KPVSLSYRCPCRFFESHVARANVKHLKILNTPNCALQIVARLKNNNRQVCIDPKL
KWIQEYLEKALNK



NGO 33) to CXCR4 with an I C50 for human CXCR4 between 0.5 nMand 0.05 nM 3.
The anti body of either Caiml or aim2, which inhibits mgration of
cells beaw0Dregosd¥@R4 on their surface with an | C50 bet we@oTA1S@0akzns 0. 3
NM 4. The anti body of any one of Clains 1 to 3, which exhibits an
affinity, KD between 1.0 nMand 0.05 nM 5. The antibody of any one of
Clains 1 to 4, which exhibits anti-tunorigenesis activity by preventing
tumor growmh in a tunor xenograft nodel  as described herein when

adm nistered at 1 ng/kg. 6. The antlboay of any one of Clains 1 to 5, which
i nduces apoptosis of tunor cells in an apoptosis assay as described herein
when adm ni Bife€bAdIMet ween 2 ng/ nL and 10 ng/ni. 7. A hunman engi neered

anti body or a binding fragment thereof, that conprises a light chain
conprising a light chain variable region that conprises framework regions,
CDRLI havi ng flhe asihnma@cigheseduetitody of a Bh@ng Dadiaem theCORIt2:t havds Imgnanhe amni no

aci d sequence of Egchg%i’ﬁ and CDRL3 having the am no acid sequence of
SEQ I D NO 10, and élr n conprising a heavy chain variable region

that conprises fraarrewmmitsrbﬁgmgmmmlr -havspg 1b e 3avith oxaw4dvigeguence of
SEQ I D NO 1, CDRH3 having the am no aci dsequence of SEQ ID NGO 3, and CDRH2
havi ng an amino sequé&e&TdEmar tEGRADSHYER 0 BV 008 mdf g‘t*ﬂﬁ’@"“ﬁf SEQ | D NO 2,

SEQ 1D NG 4, SEQ ID @QC%M@E@DMM&@ ﬁaﬁlﬁ)lt%%@séa?amszmbe%%feﬁf n the
anti body binds to human CXCR4. 8. The antib Claim7, whérein a light

chain conprises the it W@@@@G@rﬁ?@rmﬁ CSE@IOmthﬂ@SHII‘B:e_\’@th dMi€soant i body
of ciiner Gaim 7 or Ol alifiniues sl B REAHRRANEQTRLIASS gflam no acl d

sequence selected fromt roup consi sti | D NO
12, SEQA D NO 13, Sk I D NO 14 and SEQ ID NGO 15. 10. The anti body of
any one of Clains 7 t am no acid

sequence of SEQ | [f‘NB‘.ClE ts aff nﬁ)u’e ‘é'ﬁ?twg dlysdﬁ @BOne 0] uhte(f"ﬁs 7 to 10,

wherei n a heavy chai RlasopResesnce (BlAcore) assay as described herein.

2. The antibody of Claim 1, which inhibits binding of human SDF-1a (SEQ ID
NO:33) to CXCR4 with an ICsq for human CXCR4 between 0.5 nM and 0.05

15 nM.

3. The antibody of either Claim 1 or Claim 2, which inhibits migration of cells
bearing CXCR4 on their surface with an ICso between 3.0 nM and 0.3 nM.

4. The antibody of any one of Claims 1 to 3, which exhibits an affinity, Kp
between 1.0 nM and 0.05 nM.

20 5. The antibody of any one of Claims 1 to 4, which exhibits anti-tumorigenesis
activity by preventing tumor growth in a tumor xenograft model as described
herein when administered at 1 mg/kg.

6. The antibody of any one of Claims 1 to 5, which induces apoptosis of tumor
cells in an apoptosis assay as described herein when administered between 2

25 pug/mL and 10 pg/mL.

7. A human engineered antibody or a binding fragment thereof, that comprises a
light chain comprising a light chain variable region that comprises framework
regions, CDRLI1 having the amino acid sequence of SEQ ID NO:8, CDRL2
having the amino acid sequence of SEQ ID NO:9, and CDRL3 having the

30 amino acid sequence of SEQ ID NO:10, and a heavy chain comprising a heavy
chain variable region that comprises framework regions, CDRH1 having the

amino acid sequence of SEQ ID NO:1, CDRH3 having the amino acid



an am no acid sequence selected fromthe group consisting of SEQID NO 17,
SEQ ID NO 18, SEQID NG 19, SEQ ID NO 20, and SEQ ID NGO 21. 12. The

anti body w0 200%14012¢ of Clains 7 to 11, which is sel ect e#CTrusaomig3ogs oup
consisting of an antibody conprising SEQ ID NGO 17 and SEQ I D NO 22, an

anti body conprising SEQ ID NO 18 and SEQ I D NO 22, an anti body conpri sing
SEQ ID NO 19 and SEQ ID NG 22, an anti body conprising SEQ I D NO 20 and SEQ
| D NO 22, and an anti body conpri sing SE%\) ID NO 21 and SEQ I D NO 22. 13. The
anti body of any one of Clains 7 to 12 tHhat conprises two |ight chains of
SEQ I D NO 22, and two heavy chains of SEQ ID NGO 17. 14. A pharnaceuti cal
conposi tion conprisiwycant R [HdOO3, ehd EPRHEMeviog aChminaseduena s¢lBcted

conbi nation with o

di luents, or exci pt?(gnia{se gﬁ%@coﬁg&%ﬁ?gggg &hl’é h%igﬁgkgﬂ gEﬁﬁjNﬁto 13 for
use in ther apy. 1GSE@\EDNGI6lmdiﬁEQfIDamyﬁpwberaﬁtl@laatﬂnmiybﬁrmisl(shtﬁmn use in the
treat nent of tum)rbgﬁggm s, including tunor growth, invasion, angiogenesis,
or netastasis. use of an anti body of any one of Clains 1 to 13 in

t he manuf act uge of Tig diebbdyarEMimf7Owhérbia atlighadhamrdompfisds tiimigeaesi s,

including tunmor growth, i [.on.. angi ogenesis, or netastasis.18. A nethod
of treating tumriﬁ@%?ggﬁ@ﬁ@' g tunor growth, invasion, angi ogenesis,

or et ast asi s9ConpricSdnABod@bT ettt TR TDr i(PaiR PFhédinta Helvyn@ash dbhh@ﬁ@@f a
therapeutically effective armunt of an anti bod of any one_of aims 1to

13. 19. An anti bod3f BN thqEcnse setgcifdrfiom the gi%‘PfCBIi‘Sl%‘g%Of %E%%quat ment of

a cancer selected éE@@DN@ﬁlE@QQQUN@QB%E@Q}% br eRPSEGANGRY: 15.pancr eatic
cancer, rrel anonm, prostate cancer, Ki dne%cancer neur obl ast onm,

non- Hodki n’ s 19ynp tibgdyrity apapneet Claamay tah wherries light shadn expntiscchincer

mul tiple nyel om, ghlhggglg%qg%ergpgﬁgflgq\@zz and | eukenia. 20. The use of an
anti body of any one of O ains in the manufacture of a nedi canent

for the treatbnt bBfe atibeiycs pnseread Cadms ¥ éml @ Rdeghoupavoeiginsaompgsesf br east
cancer, pancreati C, Cangeheid SRLAC Wectdd P Bk BripRERistink LESEY 1S XS ©f,»

SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, and SEQ ID NO:21.

15 12.  The antibody of any one of Claims 7 to 11, which is selected from the group
consisting of an antibody comprising SEQ ID NO:17 and SEQ ID NO:22, an
antibody comprising SEQ ID NO:18 and SEQ ID NO:22, an antibody
comprising SEQ ID NO:19 and SEQ ID NO:22, an antibody comprising SEQ
ID NO:20 and SEQ ID NO:22, and an antibody comprising SEQ ID NO:21

20 and SEQ ID NO:22.

13. The antibody of any one of Claims 7 to 12 that comprises two light chains of
SEQ ID NO: 22, and two heavy chains of SEQ ID NO: 17.

14. A pharmaceutical composition comprising an antibody of any one of Claims 1
to 13 in combination with one or more pharmaceutically acceptable carriers,

25 diluents, or excipients.

15.  An antibody of any one of Claims 1 to 13 for use in therapy.
16.  An antibody of any one of Claims 1 to 13 for use in the treatment of
tumorigenesis, including tumor growth, invasion, angiogenesis, or metastasis.
17. The use of an antibody of any one of Claims 1 to 13 in the manufacture of a
30 medicament for the treatment of tumorigenesis, including tumor growth,

invasion, angiogenesis, or metastasis.



neur obl ast oma, non- Hodgki n's | ynphoma, |ung cancer, ovarian cancer,

col orectal cancer, multiple nmyeloma, glioblastoma nultiforme, and | eukem a.
21. A netwoado@fi4breati ng a cancer sel ected fromthe grorpTaseew®iions of
breast cancer, pancreatic cancer, nelanona, prostate cancer, kidney cancer,
neur obl ast oma, non- Hodgki n's | ynphoma, |ung cancer, ovarian cancer,

col orectal cancer, multiple nmyeloma, glioblastoma nultiforme, and | eukem a,
conprising adm nistering to a patient iin need thereof a therapeutically
effective anmount of an anti body of any‘zé‘ne of Clainms 1to 13.

18. A method of treating tumorigenesis, including tumor growth, invasion,
angiogenesis, or metastasis comprising administering to a patient in need
thereof a therapeutically effective amount of an antibody of any one of Claims
1to 13.

5 19.  An antibody of any one of Claims 1 to 13 for use in the treatment of a cancer
selected from the group consisting of breast cancer, pancreatic cancer,
melanoma, prostate cancer, kidney cancer, neuroblastoma, non-Hodgkin’s
lymphoma, lung cancer, ovarian cancer, colorectal cancer, multiple myeloma,
glioblastoma multiforme, and leukemia.

10 20. The use of an antibody of any one of Claims 1 to 13 in the manufacture of a
medicament for the treatment of a cancer selected from the group consisting of
breast cancer, pancreatic cancer, melanoma, prostate cancer, kidney cancer,
neuroblastoma, non-Hodgkin’s lymphoma, lung cancer, ovarian cancer,
colorectal cancer, multiple myeloma, glioblastoma multiforme, and leukemia.

15 21. A method of treating a cancer selected from the group consisting of breast
cancer, pancreatic cancer, melanoma, prostate cancer, kidney cancer,
neuroblastoma, non-Hodgkin’s lymphoma, lung cancer, ovarian cancer,
colorectal cancer, multiple myeloma, glioblastoma multiforme, and leukemia,
comprising administering to a patient in need thereof a therapeutically

20 effective amount of an antibody of any one of Claims 1 to 13.



