ANTI CXCR4 ANTIBODIES AND THEIR USE FOR THE TREATMENT OF CANCER The present
invention relates to novel antibodies, in particular murine monoclonal antibodies, chimeric and
humanized, able to bind specifically to chemokine receptors (CXCR) as well as the amino and nucleic
acid sequeng‘é%zgg)?fi]ﬁ _?6r such antibodies. From one aspect, the invention rafates (o novel antibodies,
derived compounds or functional fragments, able to bind specifically to the CXCR4 and having strong
anti-tumor activities. The invention also comprises the use of such antibodies as a drug for the
preventive and/or therapeutic treatment of cancer, as well as in the procedures or kits related to
cancer diagnosis. Finally, the invention comprises compositions comprising such antibodies in
combination or conjugatioﬁW(Wﬁ@f’aﬂﬁ&%ﬁ’% A& IS AR e SRESRUENT
cytotoxic/cytostatic, and the use of same for the ghgvegtangnd/or treatment of certain cancers.
Chemokines are small, secreted peptides that control the migration of leukocytes along a chemical
gradient of ligand, known as chemokine gradient, especially during immune reactions (Zlotnick A. et
al., 2000). They are divitigd ipiadno majaicubidmiie sy Cioahd LXadbasent opaifiewdasitmnioé their
NH2-terminal cysteine residu 1d bind to.G pratein coupled receptors, whose two major sub
farios are dea g CHEEH LA CRCRTRS & A e o DR R e s PR e
receptors have besspdise (€8 sesfarell as Merrianced maieia soihgtexcobentoking hetwark that
influences the imgyueafel ipfiiatian ofumory@s welhas-umetsel ol stadyaknigalion and

angiogenesis. Immune cells, endothelial cells and tumor cells themselves express chemokine
receptors and caROIERPIBIHE 65 ek AegraaibrasleSeUind DreIlnl Eathedr Blopdyrdhmias and

mouse cancer medgls sRaW: At SARGELCeH CHRMAIIN G CRRIBHENMRSSIN IS ASS AASH Ith
increase metastatic capacity. Malignant cells from different cancer types have different profiles of

chemokine-receftot@& s T8 P BUENE vk RTetharmstticatTesseshl Pls SARSEE cBmWiInRF FBLHRE. Cells

from at least 23 diffeyanttypes efhumarcapceiscel epibealial. nresanchipahasebactiatpnaistic
origin express CXCR4 receptor (Ballcwill F.. e&{%},éOM). 2 .. Chemokine rteceptot[ﬁft%also known as
fusin, CD184, LESPRUTRUMETRBESMEHE BT RNINEI R 9B B 580 Ath B A &,

Residue Asnl | is glyeesaiednizsidice dysRidbediagdifiedbyytberaddiiostaica aulfateigronpsand Cys
109 and 186 are ]porglii W]i:th 3 &&%UAEQF b@%@%@ g &Ietx}raga%létél,eslr part of the receptor (Juarez 5J. et al.,
2004). This re%%p orie expressec%y ifferent Kind of normal tissues, nave, non-memory T-cells,
regulatory T cells, B-celsanmitrophits sentlothelitddptistigrirtiamcontiob Syt esigtdindritfd odifsyNatural
Koy oells, CDS s MAURARIBIC AME SIS AR ARN IS GlIMIBAL FRIRM:, ek KD etRaRd brain.

CXCR4 plays a key role in 10leukocytes trafficking, B cell lymphopoiesis and myeélopoiésis.
CXCR4 receptor igsvae-axpetigse ddaisky dnuthsbs cFA0cerBan citlifiBlstn St intiey wridlon

(Ottaiano A. et a.,200A)brenst (KAtocM cotalse 2 AN ORABASHR ol RAlcAARR), bingksmall-cell-

and non-small-cell- carcinoma (Phillips R.J. et al., 2003)], ovary (Scotton C.J. et al., 2002), pancreas
(Koshiba T. et al.ToH06Y; RRhBRS 1055 RipiqBfpEs STeteRios oSG M ABER S Uh Ry iHphSifas.
The unique ligand@fdaxtRéracepiortaRribessatar isothasioraisstiberived FacipmdGRI-1) or
CXCL12. SDF-1 is secreted in large.amount in lymph node, bone marrow, liver, lung and to a less
extent by kidney< SERIFSIY SRFTIERERTTE 8958 ecognized by an antagonistic chemokine, the viral
macrophage inflammatongROpantein hh(¢M|Bdpienchded by dnenas b eérpesyinasdypidd immune-
CXCR4/SDF-1 axis,plays a key rale in cancer and is implicated directly in migration, invasion leading
to metastases. In%%le ?%%%‘8}}/ ce Is%%%ﬁ?és?ss &r&lﬁ rect?é(&ocr? g{/‘%%’ra%né% ’errﬁie%'ntlhgnsys €§mic
circulation. Then sanegsresils dreramestetisinardsthdbalbecltsirmatgamsothatiyodievedivgh leetssof SDF-|
where they prolifefge. gRJnouasA0aaeR SR AAI AR MRS AG RO (B, 2ARD). This
axis is also involved in cell proliferation via activation of Extracelfular-signal-Regulated ICinase (ERIC)
pathway (BarberdiSpst smpige Ipd ridoangiotsae sofreshayndhtrcaneo el ideagkex eryidceptor

and its ligand SDEz-lgaHY iPr Aot R2R0IPeNRERY SHEMIRMRY MbdelryA RIMPERSRIOBNBIGR I turns
increases expression of CXCR4/SDF-1 30 (Bachelder R.E. et al., 2002). It is also known that tumor

associated macrébREGES (aIsRA) eet e SRRy JEIE s @A COF RARBRS SIS cSHt TR A
co-operate with tan@hsiahs asepramole AMHAYenesist [twasalgefved thatlby poxia apkeguiated 3
selectively expressjon of CXCR4.in various cell types including TAM (Mantqvani A. et al., 2004). It has
been recently deﬁ*é%ﬁ??ﬁfé’ﬂeﬁwg Wﬁﬁ%ﬁﬁ-?%% %r%l ’Ié’ﬁ?ge PR AR TR ORRG SRR 4+
hematopoietic stesymadexXitbrcelsptbtIBardidouldapl@p@diole in neovascularization. Evidence
indicates that besides HSC, functional 5 CXCR4 is also expressed on stem cells from other tissues
(tissue-committed stem cells = TCSCs) so SDF-1 may play a pivotal role in chemottracting CXCR4+
TCSCs necessary for organ/tissue regeneration but these TCSC may also be a cellular origin of
cancer development (cancer stem cells theory). A stem cell origin of cancer was demonstrated for
human leukemia and recently for several solid tumors such as brain 1 0 and breast. There are several
examples of CXCR4+ tumors that may derive from the normal CXCR4+ tissue/organ-specific stem

cells such as leukemias, brain tumors, small cell lung cancer, breast cancer, hepatoblastoma, ovarian
and carviecal cancare (Kiicia M at al 2008\ Tarnetind cancaer metactaceac hy intearferina with CXYCRA



4 CXCR2 chemokine receptor encompasses 360 amino acids. It is expressed mainly in endothelial
cells and specially during neovascularization. Several chemokines bind CXCR2 receptor: CXCLS5, -6,
-7, IL-8, GRO-a, -13 and 7 which belong to ERL-ipro-angiogenic chemokines. The CXCR2 receptor
share sequeR@ RHHi31BHies with 5 CXCR4 receptor: 37% sequence iderfthty 2Rt 4% & quence
homology. The CXCR2/ligands axis is involved in several tumor growth mechanisms such as
metastasis (Singh RK. et al., 1994) cell proliferation (Owen J.D. et al., 1997) and in ERL-F
chemokines-mediated angiogenesis (Strieter R.M. et al., 2004; Romagnani et al., 2004). Finally,
tumor-associated macrophages and neutrophils are key elements of 10 inflammatory-induced tumor

growth and chemokines@l@@tﬁlﬁg@%@m&rlB—Saéﬁ@q@%@&nfﬂét_e ﬁ@&&ﬁpﬁ%’f@e@ﬂtﬁi@%_ﬁm
Dimefuation has gmaragd a5 COMMRANAGERaREMIor seaptinghe InrlioRLfzsProlgin-goupled

receptors, among these are chemokine receptors (Wang J. and Norcross M., 2008). Homo- and

heterodimerizatioRYAospethaesdun Erokin ephanipr s A fhsien ehawHitEEYEyane S8 ife
initiation and the gHenatiaRalgRatng By FReMnCReMakinaRGaRIe i (R aingoe\Keree

supports the concept that receptor dimers or oligomers are probably the basic functional unit of
chemokine rec’cep{o?é.a >Hddkine receptor dimers are found in the absence of ligands and
chemoldnes induce confoimasiepal-changesseid ase piof-ebmels CHCRAnaIkrigwes fontdug) hemodimers
but 20 also hetergdimers,.for examples with.the, 3-opioid, receptor (DOR reld D.,.2008) or CCR2
(Percherancier Y& eef‘é‘?.r?z ?fgﬁslnrﬁ%?%?fgrqéx%er%%pleg"ﬁ%%% &8 écf(e)z%g\‘/laesd Fr)cl)érlcr)} Eﬁga?réjﬁlslf’ﬁe‘%n fare
domains of CXCRabinkifiéte diactiitaticr byNakockKiKg! trecijarcbidét bevaopdareationaldiamsitians of the
dimer (Percherangigy. 1£1.2;, 2005 Angihgt study;showed thal, CXCRATNA peRtide, gaynjhetic
peptide of the transmem r%niélreé%'oh 0 é% C:1XC’R4,C_i g%%’reases elné(gy trangﬁerftitwe%n S%tomers of
CXCR4 horh8dimersemytiriabicksn B cshdoepkpneigtition! amecwemesslymerization in malignant cells

(Wang J. et al., 2006). Meferecepiol Wasalse,aesciined haf kRt larmeciinaliondle but
heterodimers with CXCR4 and enhanced SDF-1-induced signaling (Sierro F. et al., 2007) Other

examples of conditliitedfersainel QAR stlidies @b i 9 3 shalcX®Ry Rivskiét as well

as forming respectiyg omedimersoyoninterasiiposivens Retashioreitherriibern (witinpathesGPCR
(alpha(1A)-adrenoreceptor), indicatin% th% specificity of CXCR1 and CXCR?2 igi é@n (wWilson S. et

L. 2005). WO 281008 b INBE HHepoehEb Ha 7 807 TREHTE (SaS Trdnibfied PR RIS

CXCR2 receptorsaiia {Btetessisgiumananggisbl nierfer gl ithplivese receptors should inhibit tumor
growth and metastases.jn a very efficient ecreasing.tumor cell proliferation, angiogenesis,
fumor cell migration and T/ AR OLE HER AT o BER oLl By RSP 0y
5inhibiting CXCRP@avdeFstam Ic¢iBEF-1) @riexfing.idntivie aspetis of thepressnttitvdptiph is to
generate a mous | i [ i XCR4 dj iopal :
ﬁo@@%%%@&%%%,&%%}la 4%%@(&%& &l&?@ﬁ&%{gg}?ﬁﬂ Lahangesx Ehe

invention encompass’es a CXC > (or fragments there e to bind and to induce
conformational chiautljesrerisaired RT Ry sosaoriiie chama e CRe/CREReCIp ek odrmarstozsnd

having strong an M@ﬁ?ﬁﬂ%ﬁ%@’@ﬁ %ggd@i&gmgmﬁm%@@_ models. The invention also
a e

encompasses a CXCR4 515H7 (or fragments thereof) able to bind and to induce conformational
changes of both CXCRAKERESRRYS &8 DI realek e ietarselirrbisisaiipHerirh Sostly dnti-tumor

activities. Anti-CXfaR4tibk4 Hibiath inBias: tus herRwtBsin IMRAIMBn21 Xenowaf-aodekand 15
increases mice survival in U937 model. They induce conform@tiqnal changes on G}CR4 homodimers

but also on CXCRARERERBUEEH it S SIFHIEH ST LA BEbFRESF S b HEdrEstctherapy
application givenithedsopiartdnis dlesrghibaks: twodtbemigkinevsdcopiRingin edancethdatgetingangth

homo- and hetero-dimers af receptors,has already been found to 20 incre therapeutic effect.
Idoedt 1t NS bedi e AR T T RS MTAB BB e b P A
inslu:inllGG F-1 hg/bﬁdfﬂb@@p’tmrsew?yaﬁ&netmtem t@ihhﬂbitét@ﬁlﬁxgaowman&igmltﬁagtémamageting
solely IGF-1R (Papdip reover ny 5 7 sre,gHent
antagonists for 22‘:@%&(@&2%@% 0 ngﬁgh%n%?eﬁgésaé}@gr%ﬁi% §ﬁ§§e égsg%g% in%ib%s?gﬁrqgﬁng
induced by SDF-IngpefifreitRbseapsniaTPYS Bindigandc AP teldersdy anerare Asgiagtaansintibit

SDF-1 induced tugor el RretipIation RRJOMIGRRLOhIAMY ncreadMalRfRH A INGASIRIRBEDPR il
agonists or inverse aFgonlsts exhibit intrinsic activity in the absence of ligands. These types of

molecules stabilizBerBsliseiRidly st 3-hidNArmiHidy Gl I5eamithet GpeoR SBREEIeMAT IR S Sence of
ligand, thereby a¢tivalingRuniking depmnat assis YO R cagcadasittaniandin &i-aperdfOfitiKenalcin,
2004). In case of 414H5 and 515H7 Mabs, these mf)lecules beha e%as silent antagonists, without
any intrinsic actvIPSE TSR e BRBRSn AP SERE e b G FATSSFA A ARReH HaT RN s ikely
to be associated with less adverse side-effects as compared to pedal or inverse agonists, as already
observed for opioid receptor ligands (Hosier and Hermans, 2007). Indeed, the functional activity of
both 414H5 and 515H7 Mabs is totally dependent on the presence of SDF-1 and no modulation of
CXCR4 receptor activity will be observed in tissues and organs where SDF-1 ligand is not expressed,
secreted or provided by the blood flow. Thus, 414H5 and 515H7 Mabs are likely to be less toxic as

combnarad to othar CXCRA recaentor linande with nocitivie nr neaativive efficacyy In addition <ilent



So, in a particular embodiment, the present disclosure is directed to an isolated complex comprising or
consisting of the CXCR4/CXCR2 heterodimer  Preferably, CXCR4 compound part of said
CXCR4/CXCR2 heterodirner complex is one of the two human CXCR4 isoforms selected from the
group consis%%zgw"-ﬂ?ﬂse”chemoldne (C-X-C motif) receptor 4 isoform b [Irlgwgﬁfﬁ’i’gﬁg]gﬁaving the
sequence as depicted under the Genbank accession number NP_003458 SEQ ID No. 24:
MEGISIYTSDNYTEEMGSGDYDSMICEPCFREENA_NFNKIFLPTIYSLIFLTGIVGN 7 GLVII
,VMGYQICKLRSMTDKYRLHLSVADLLFVITLPFWAVDAVANWYFGNFL
CICAVHVIYTVNLYSSVLILAFISLDRYLAIVHATNS Q RP RICL LAEKVVYVGV WI PALLLT1P DFI
FAN VSEADDR Y EsRrobPRprEwWen A ESIEB 4 invaceys Pt typesigeluding TAM (Mantovani A. et

YCIlISKLSHSKGHOMRICALKETHLILASRAC MY HIBISISTHERISBECRER S NTLIISITEA
LAFFHCCLNPILYAELGAICFKTSAQHALTS V SRG S SLK ILSKG ICRGGHSSVSTESESSSFHSS,; -

the chemokine (CIXHCHRE(HPTURE b A S forra B s aRaHRIossviiy ArlsEidehaadheoibicted
under the Genbampkaaccassion minkesNEzR0H08a4hEE R d0Ne 188k $&ides HSC, functional

MSIPLPLLQLY TSRNYTEEMGSGDYDSMICEPCFREENANFNKIFLPTIY SIIFLTGI
VGNGLVI LC\?/n%/l( G \%ﬁl\@f{‘fﬁé Wﬁﬁ%ﬁ%sﬁ%ﬁ?@ B%%R%%?WWEE““‘"* stem cells

NFLCKAVHVIYT¥NLYES)/ kéL ABISL DiRY LAty HATINSa DRI RKthoMoKMMMY GCXCR4+ TCSCs

VWIPALLLTIPDF[E YICDREYPNDLWYVVEQF VGLILPGIVI .
LSCYCHlSlCLSHll‘seé%Xg E‘%E@%&’%@g E%%’%Mﬁ%%@%%?ﬂ l?éé gelfgar origin of
EFENTVHKWISI PEASARFEIOINP(LanF ok BHIFSAQHALASSYSRGB G Sf cancer was
KGICRGGHSSV%IW%&%&@%&%%@%%&HWme%eﬁﬁesxﬁa@&lgfsas@g%@%%ﬁiam

thereof having at least 95 % identity with one of these b or a isoforms having the SEQ ID No. 29 or 30;

and - a fraghtent fREreBrEagaBTe SnETRIal seamelmoleCasRdingumons taturay Ijpive foserdmal

cell-derived factordréaRY¥dR ardRaving srefrricakleant 0% A50.a06200aminRAsddeRgth.
Preferably, CXCR2 compound part of said CXCR4/CXCR2 heterodimer complex is selected from the

group consisting SFL-HHE PSR RERISS YRS OFRARL AIOR SXPIaRSPALSIY thecaetmshasa¥depicted
under 25 the Genhanhkx@osession number NP_001548 SEQ ID No. 31:

MEDFNMESDSFEDFWKGEDLSNYSYSSTLPPFLLDAAPCEPESLEL K\é%vwv
ALVFLLSLLGNSLVML ﬁi‘%ﬁ%éﬁ‘%ﬁ‘%ﬁ’%ﬁ’ﬁﬁﬁm}mﬁ E?%PWNBA (R4 receptor was

NGWIFGTELCK W SutsiGEN N Y56 stigACISADE AR A TR Tird Q€ BMINMKEX CR4 receptor

ICLSIWGLSLLL FRRTVY ACYEDMONNTANWRMLLRILPQSF :
GFIVPLLIMLFC%@{IL%L%I_?AI’L%I é\'{,é\ﬂ-l§ @gé%ﬁr%i’mg‘@?ﬁk‘ﬂ/“ﬁgﬁf&/\?ﬁ%\?ﬁﬁ’_‘%&“ﬁg"@ directed
ADTLMRTQVIQEEGERRKERD Rt KMeG] THBEDND sty IGQrerR sigitifigantly the number
LAIHGLISKDSLPIRSRE RN Grea Rzt 1 brBrofl BLGNalE HARSEERYRRAl. RRISS Yiaps 8T &

natural variant thereof having at least 95 % identity with this interleukin 8 receptor beta having the
SEQ ID No. 31; dfife o\ RaitietitbieiotnagisletorbaptP spbeimbamerotisgriing B3ieL08 $PBhaving
preferably at deast A£G RHQ.a8 02 0R:REMBS; acichieBatdtopid MRS RasticHar RIMRediMRRS thgpresent

disclosure also cog)%pr'ses an l%olated RNA or DNA encoding for a polypeptide comprising said

CXCRA4/CXCR2 HetEFisHthaPERerii seemst O TS B e HREC SATGHEAS A EiRSic st e,
preferably an expiessi@novattosr suchdssankasishceneating sdid a$éR4IGKERE hatsradiver

complex. The disclosure further comprises a co sitjon compr's@gﬁ%éle st one nucleic construct,
preferably an exp?legéegionrlm\%/ées%f%lﬁ €L v%su‘grﬁaség}i%gse UBlSifeS t‘?‘#e X@ﬁﬂgo?sgfd%x%g%%/CXCRz
heterodirner compiestain " €Bdopehadn stragtrssféfablyrameiprassioB0iE)tor, isnoh gsyathlasmid,

encoding the-par %ﬁ% of saj 4/ h e&gﬂﬁ? I lex. is.e diment, the
disclosure urtherR) E?é(mp]h eélgﬁr%dén%{ég graﬁ%%r%e%%a%tlon 0 Ealr%%omglnasr%toﬁ:)@?@é r@v ic%%zpresses
said CXCR4/CXCRE3hEreFatim¥r eorhpléR vbieMih thideniHoa064Mpriids Alstdpust CXi6Rdriming said

host cell: a validated therapeutic target for cancers.

Chemokine receptor 2 (CXCR2), another chemokine recepior is also described

as an interesting target in oncology. Indeed, CXCR2 transmits an autocrine cell growth

30  signal in several tumor cell types and can also affect tumor growth indirectly by
promoting angiogencsis (Tanaka T. et al. 2005).



a) with a nucleic construct, preferably an expression vector, such as a plasmid_, encoding said
CXCR4/CXCR2 heterodimer complex; or b) with at least one nucleic construct, preferably an
expression vector, such as a plastnid, encoding the part CXCR4 of said CXCR4/CXCR2 heterodimer
complex, and"® 28T Fonstruct, preferably an expression vector, such BSHEpREHH? Bhcoding the
part CXCR2 of said CXCR4/CXCR2 heterodimer complex. In a preferred embodiment, said host
cell is an eultaryotic cell, such as a mammalian cell.  4In a preferred embodiment, the nucleic
construct(s) encoding said CXCR4/CXCR2 heterodimer complex encode also for a first marker which
is associated (particularly by covalent coupling) with the CXCR4 sequence, such as the luc marker,

and for a second marketifHch tharsbiomragapartiowanydsyeeoVellemmasushiig) Witk thepexeR?2
sequence, such ag ihe GREMACker dLe 'HERE L RPANEIS -V ARGIHSLIOSH S R59 CAMMISRS 2

method for selecting a compound having an anti- cancer activity or which can be used for the

preparation of a diRSIESERA TeremiarteXbicht6f Tanbeh, SRalbtelizsd ih whatishetragetndRESmprises

the step of:- a) copftaglingafecambiantdost celkdigelosed herein WhicheXR eRsesIsAId with
CXCR4/CXCR2 heterodimer complex, with the comqpound 0 be tested; and b) determmm)ggtvaggether
2

this compourid is CF&GIetEFHIGHUIATIRY, SRS IIFMNIBItiRgIthePatiTRIPERthisPERTPERIC
heterodimer compigxRelesecomminant pasteell. in devaniernhesi menivé subieeieiilke pl@sent
disclosure is a process for the generation gnd the selection of antibgdies disclosed in.. . More
particularly, the d%&ﬁ%@éﬁ%%‘p‘%&s@%‘? t‘FﬁFQ@%’@%ﬁO& W&&%éﬁi &ﬁ%%?ﬂﬂ 8t one of
its functional fragirEntschemisitivatinesd; aap abigoternlibis bitbr gand-tdelpeiddnRandgnani et al.,
ligand-independe tivation of CXCR4, said. process comprising the following, steps: i) screening
the generated angﬁ(ggie?%%&r ’sg ec fn%ssé’ﬁﬁ%%i%ls&cgg aﬁgieestgn%n%%%o cfl%#(g:’a?ﬂ? %eéfg?ﬂﬁnésn %also to
modulate CXTCR4isttivatigny-inducdé stingrthewéiectt chamtibodies:off steXCandlsetentinGRdtibodies

capable to induce C%%( R4 %or?u dimers conformational change, and then testing the selected

antibodies of stepnf'}f‘nél efec ?rll’g ANBOC |ré1§néapable to induce OCCR4/CXCR2 heterodimers

conformational ch2nge.DimeB"gmhméw§mB§ig¢d”t@ m&m‘mﬁmm&m@@mthﬁ fn@‘é%e or an
inhibition. Prefergfy, té%-%gl %gg#g&%% %ﬁﬁ&%@ﬁ&éﬁ%&%@fﬁ&mWéégﬁo%@ﬁ%gaﬂ'\éﬂﬂon-

As it was explained before, th n of CXCR4 diners conformational changes Is a capital aspect

of the invention adewEsaltibdeiss Witmre safthateeedipeEration HarRiRgEFH B RSMOKIBE Hinkngs.
The generatign of{he,antigpdn canRe-seaize g HiaNhimaibR i vy i mansakladdrihe art,

such as for example, fusion of a myelorna cell with spleen cells from immunized mice or other species
compatible with tiET8RTE Sleth AN S CEMO TR CHRYVIREMITAIENTS FIPBOTIARG COBeR 488 AP iPhe
immunized animaigees ek IBElEe:HARSIpRIBaBIEENWIHa i MaBHsnN i Mg leb dlisneriwhietether directly
produce human antihodies. Ano&heeré‘%ossi le emb dirgent co%lg cogsist in ﬁsinggﬁjhaéq@ display
technologies to sCrABRCHBIARSEPOT CYRELRTE ARG Ll)s FB5RBE e &Y %%@5 S method ¥ Process
known by the manwsiittedtiortieckatgdsaioncimaativecexdiKHIRS, isdndenne fition &dnkoldisbrsBhitcore, 5
irrununohistgchemistry, FACS analysis and functional.screens. A pref roce onsisis in a
screen by Fa%s @ﬁ%@%ﬁ%“%‘%‘%ﬁé&%ﬁ%ﬂ%ﬁ% éned%?Pch‘iielgs ﬂﬁuicg%il) gg?ﬁ?r[?lesrt%’ t?é SUre that the
produced antibod{&3RYiPes:kdrie tizralS octedo RIS the thativicresepipleppepiimer delicdTsrpidacess will
be described morg precisely in the followi mples, 1 O ion."to modula R4
activation" it is inttz?wgcféntf %%%1%%%?%%% vgggi gl% o %éf%%cﬁ\%ggggﬁ?giﬁi%i% é%g]ﬁﬁp (l.aééngl%;%, and 13
below: Preferablyctoforoutiene: tafissispeofitbididiny (ths_éflmpiméhlﬂfaﬁgs?aﬁheﬂigﬁhﬂi $dy-1 on the
receptor CXCRY (a6 AMAK ChA2NIS iapby CAMREHERPALUKAN WA IRAASIAINIAEH 3

membrane, such as CHO-KI membranes, stably expressing human wild type CXCR4 receptor; - The

specific bindifg aE&SiRdardsrerAtn B BY thansSTPYSwasthRrpkvesto PE XBREB1 Seumedimspie st

particularly on eulgafyefigrifansierpad AeilaHe MR ans: seIshasAtdd- 33 aelisns @il @nghe 1.

constitutively expressing wild-type CXCR4 receptor mempbranes; X

et al, 2006). More recently, it was also described that CXCR7 formed functional -
heterodimers with CXCR4 and enhanced SDF-1-induced signaling (Sierro F. et al,,
2007). Other examples of constitutive heterodimers include studies showing CXCR1

30  and CXCR2 interact as well as forming respective homodimers. No interactions were
noted for either of them with another GPCR (alpha(1A}-adrenoreceptor), indicating the

specificity of CXCR1 and CXCR2 interaction (Wilson S. et al., 2005).



20 - The CXCR4-mediated inhibition of cCAMP production (see Example 7); and - The CXCR4
receptor-mediated mobilization of intracellular calcium stores (see Example 13). More preferably,
this modulation of at least one of these activities is an inhibition of the activity. 25 In a preferred
embodiment BfARA&14BF8HENJ iii) of selection of the process of the inventioRCs&iereepeiyand iii)
consist in evaluating antibodies by BRET analysis on cells expressing CXCR4-RLuc/CXCR4-YFP and
CXCR4-Rluc/CXCR2-YFP, respectively, and selecting antibodies capable to inhibit at least 40 %,
preferably 45 %, 30 50 %, 55 % and most preferably 60 % of the BRET signal. The technology
BRET is a technology known as being representative of the protein dimerization [Angers et al., PNAS,
2000, 97:3684-89]. 11 As fheidedhnotagyBRET URedid X Crepsetipmo iikohibe pracassois well
known by the maqa%éggqﬁigg mgemar;[)VI v(\)/silfl: pe d (;rlail d ilil dth be!t| wing examples. More particularly,
BRET (Bioluminescance Resonance Energy. 11ans eseﬁo% A NORrAdAtVE BHE S AR B lufring
between a biolumitescéhtidtner{Renidackusifey dsed¢Rket) )raoife fiorescgntaeseptanmamutant of

GFP (Green Fluo : j F flugr ej sent case EYFP
(Enhanced YeIIowE%%%gggﬁ@%%gt{gi}%) %%%lggé #ge%e%%?gg%é%% tt%%é?e&rﬁ(?égggn Fsgn 85%?%%% ntation
and the distafice BethEmg the(dehonardere etlseptor. Then, the energy transfer can occur only if the
two molecules are in CloggaEOXHIfchrA RN REOREENS HSRrkig-ORNE ala Arpteinzpiolein

interaction assays. Indeed, in order to study the interaction between two pa' tilers, the first one is
genetically fused T8RS BhifA POdTFdRduein b REctare B RrmaeSRal RhaRasRars IETERP . Fusion
proteins are genesadymprisaok ARIQRIDNBXIHESS €0 iIn-dpanHRalisresibibndresenss af ksmpembrane

peimeable substrate (coelenterazin-), Rluc emits blue Jight. If the GFP mutant is ¢loser than 10 nm
from the Rluc, an Cé’r?é%%?aﬁ%rﬁasfef l&%%%?ccﬁfg}faﬂén §#§%na@@?&%ﬁna? n SR RKEEEEFhe

BRET signal s meetsurdithers, thed ativingtweern thatighhemittedidy: thetacoe priteanrenthedighhemitted

by the donor. So ignal.will increase as the two fusio ins ar ht into proximity or
if a conformationz;%?]gig{%\)lgl;‘léll-Qgir%l%gasIl Iﬁ%vearﬁg) &%ﬁ? r%lbc‘[%rﬁ?%:ﬁ%%se?%gpﬁ h@@&%ﬂ% §/§%g@§%fsts ina
preferred em bodiih@rmfh_rﬁ,biﬂetmobiﬂ@wowd_ by thiednvan skifiewhitithel adheapebeafsédtto MEaBUre
CXCR4 diners C0589&8&%9&%9'@2@%&1&%@BM&%HBMQ%;M%@%@% &&l&%}ﬁér%ﬁ‘:%&es.

mentioned: FRET (Fluorescence Resonance Energy Transfer), H mogenous Time resolved

Fluorescence), FIANIERGRE<CEER Y e trhibTingiog swivibsaddPen B Hoes gt medsyeldngth
fluorescence Trosaess@lation SRRCHABGAPYD37 nidther @E@ﬁiﬁﬂ&@&m@a&%@al%ﬂﬁg&eoﬂsed’

such as Coimmuncgégrecipitation, Alpha screen, Chemical cross-linking, Double-Hybrid, Atfinity

Chromatography, ‘Bt18A BYRFREs: &M Blee. o0 GARERHHRRGR? dirisesimsrt oftisensrodeeasa@cording
to the disclosure, siepdipeofsinesein fRiraluaiingrRIIIOHSERMBRELANMYSIS LS @xpressing both
CXCR4- RLuUc/CXCR4-YFP.and selecting antibodies capable to inhibit at least 40 %, of the BRET
signal 12 In anotﬁ%? Cpa'f’rtﬁgﬁllg? ERBEEHERSFthe disclosed process, stepconsists in evaluating
antibodies by BRET an&lysistiog beftshexpressing:othdCxGRArREpet€ KRR dPrand fselecling
antibodies ab Inhibit,at least 40 %,.0f the . BRET signal. Inan e diment, a sybject of the
disclosure icsﬁgn isk% g%té?ﬁ]%ﬁ)éhﬁ?p&%ﬁg 0 (ﬁs udr?g |b%—a%gra%§3r%neﬁ SO ear%g |‘\:‘/1e§f{%@r% o#bat{aﬁwed by
said process. Saitiant{(bddyDriemetiitbathidGadfents hsdént@tive d)yibrohpatsietat birdingpre
specifically to the Jaumag &6 i V. finhibiting the
natural attachmeergw’lta of its I%&%ﬁ?ﬁ%ﬁ%?@f%@ggﬁﬁ%?% %@5 @%?‘C]feh% @n@g}%{]@
conformational cﬁ&ﬁ@as. The expressions "functional fragments and derivatives" will be defined in

details later in the presevibrRecEalAR-CXdRMUsieMANErSiREY Rere atingdIRcloSHedges not
relate to the antibﬁg%%]égatural fonit, that is to say they are not in their natural environment but that

they have bfeen & Rofieraat SPuHa pRsE BIFRIAR AtdR SRR ALRbdigaalineiadietiained by
genetic recombingfiaynmon by ehgsdaalsynfhesisrandiiahiieyscan ReneoniainMoRairaliamino acids
as will be describe _{grgﬁg %:1 Eﬁylore particularly, according to another embodiment of the
disclosure, it is cl HR A sy BW@%Hgqhﬁfﬁﬁ%ﬁ%ﬁﬂ%ﬁﬁ%ﬁ%’bﬁ”d’é?i@atives, said antibody
being characterized in thal#cemprisgsatdeast paecopalamentaydeliersinngsegianizRiRishosen
from CDRs compri '\r}lg%tri]e é gni%% acid segue e]%E 1[D Nos, 1 tq 12 I\F)I?re particularly, according
to another embodiment o the Arhss e, B S aieT APahh oty St SBPHL AeSPSRLY ¢ Bdments or
derivatives 3$aid higlisdtipiteimy «cliawacténize ddRGRasitteppyerisas tht|ehstanectolizpieindniaby

determining regiopivRR ¢ BPRRIHIAT SRR ST RURIANS S ARRT AR SotT RAHNOS 2. 5
C o 2004). |



According to an embodiment, the disclosure relates to an isolated antibody, or a derived compound or
functional fragment of same, comprising at least one CDR chosen among the CDRs of sequences
SEQ ID Nos. 1, 2, 3, 4, 5 or 6 or at least one CDR whose sequence has at least 80%, preferably 85%,
90%, 95% and 98% identity after optimal alignment with sequences SEQ ID No. 1, 2, 3, 4, 5 or 6.
According to another embodiment, the disclosure relates to an isolated antibody, or a derived
compound or functional fragment of same, comprising &t least one CDR chosen 13 among the CDRs
of sequences SEQ ID Nos. 40, 2, 41, 42, 5 or 43 or at least one CDR whose sequence has at least
80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequences SEQ ID
Nos. 40, 2, 41, 42, 5 or 8. case Inforid4Epead tREPETL PEbRlc@RD BRI FRRLEEASNBFEn

ant CXCR4 antiogdy, G00S A Rrinak{ aumenisarserivaivapos apablaiimaibiisniatiivation
of CXCR4, characten%e in'that it comprises the following steps: - é(;&igjxsﬁcree inag th% gge&gr%tgd
antibodies and selBstnyamspapert anteitdinho e RecHteiies % AREHRSHS Modtiate
CXCR4 activation, ik testingdhe selesiedaniinadies pE st pilandistlespiogiartigadieizeaizable to
induce CXCR4 homodimers conformational change, and then ij%gestii%%tghglﬁgct%g antibpdies of
step ii) and selectitRpantisstiesaapasfdly e éﬁ@ﬁﬁ?@?@éﬁﬁ‘ iSt&todimers conformational
change.  In anqihigr asRashytiRfRs-RI@vidRE prrisetated SDibbeyd aramiedivedooonipC¥he-r

functional fragment of same,, s_uscepti%le f being.obtained by.a proce iRgd;ahoue;ssaid
antibody consistinFFSPPmMBHSER A a ?it?%ﬁ?vc” T DR %ti%&%ﬁs&as%%g%, of the BRET signal on

cells expressing beireX@BRATAMCIENOREY BP thadloo CRORARIsuSICRERE R Mpysabther
aspect, there is proyided an antibody, or a derived co rfuncti et of same .gapable

of inhibiting activatifto Waracternzed m that the id antibody, or derived compound or
functional fragmeniehsaemeffisasglehteediitime gritrny) cotaietisg ofre the) BIRAHTDL GBS 6 dld&ved

compound or functional fragment of s OQQJiSi b, KenAHobbeRAIN comprising, according to
IMGT, the CDR-LJP%? %G%eahcgn eaﬁw o. I, the CDI%—ngof thbgﬁsequence SEQ ID No.,2 and the

CDR-L3 of the sequenceSsEesiiziNofos; thadirst ﬁmasﬁéﬁW@ﬁéiﬁvémgﬁ@g%%%%ﬁg%W, the

CDR-H1 of the sequence : E2.9hihe $a0eRG8e SRR hlasdipe GDR-H3
of the sequence S%@%cl\%)%%&%g’\g gﬁ%ﬁ%’?@ or a%erived compogt?rﬁj or fg%mti n .fra(gir%ant of

same, comprising: tE3aX CR4ahighnditiatn seHashststp deest Mg forRAlHIE He EDEYPEIHE f4uence

SEQ ID No. 9, the £DR4.2 af.the saguensaSEQ R DHionAtRandiheyGiR ha 0RO SbquetBcEEQ ID
No. 3; and a heavy chain comprising, according to Kabat, the CDR-H1 of the sequence SEQ ID
No. 11, the CDR-@W@@%@G&%@@@%@&W@%%M CDR-H3 of the sequence SEQ ID No. 6;

¢) an antibody, or a derivgd gemnpWAsOnp BTG RRkal fiagpienat ekmampncyifRhdimers” anlightzhain

comprising, according to IMGT, the CDR-L1 of th ence SEQ ID No. 40, the CRR,
sequence SEQ ID NBIHSAE fic B ORPE G es@%&cﬁ%@“ﬁ%‘ & 'é)la;éa?nég © A hehgt\j/g(gﬁgin

comprising, accordipetgdMesd., the CDR-H1 of the sequence SEQ ID No. 44, the CDR-H2 of the
sequence SEQ ID No. 5 and the %DR-H Ofthe sequence SEQ ID Mo, 45, aad 1..d) ananibady, ora

derived compound or fun Ei&ﬁ%ﬁtfr cgﬁ:?&{rll of Ssame, compﬁsmg: a light chain comprising, according
to Kabat, the CDR-fk@ftifte SeducpeiSEQ Mokovas, ithen@D Rel mettpecdetivbrioe SHemNS 47

and the CDR-L3 Of&g&f e ID No. 4 ﬁg]\g ~&agavy chain comprising, according to
Kabat, the CDR-HI %é%%@ﬂcﬁg Eﬁqﬁsﬁ%g.x , tﬁgeécDR-Hz of the sequence SEQ ID No. 49 and
the CDR-H3 of the sequeAceaBBEHDiveni®: is therfiseovar efsieswigienes el fBolared i formed

hybridoma selecteq%{é%ﬁwggtgﬁﬁgﬁd at the CNCM, Pasteur Institute, Paris, on October 22, 2007,
under number 1-3860 ©r filed at the CNCM, Pasteur Institute, Paris, on June 25, 2008, und%rt'e@umber
efi

1-4019.  In another aspeciy theretisiprovithedimarantis GeryssdcisEeryy liﬁéiﬁ%?ﬁjf)‘ﬁﬁlégo ned
above. In another as ecg{he%h%gg IS Argvided At iseletedruiciricracid chatiagterized in that the said

: , complex co : . X : :
e e somriaons T AU BNAG R,
a nucleic acid complemaniaryie 3 M el atitascheinredioBlmangiected from the group consisting
of
- the chemokine (C-X-C motif) receptor 4 isoform b [Homo sapiens] having the
sequence as depicied under the Genbank accession number NP_003458 SEQ ID No. 29:
MEGISIY TSDNY TEEMGSGDYDSMKEPCFREENANFNKIFLPTTY SHFLTGIVGN



13b - a nucleic acid of at least 18 nucleotides capable of hybridizing under highly stringent
conditions with at least one of the CDRs of nucleic acid sequences SEQ ID Nos. 15 to 26 or SEQ ID
Nos. 52t0 6 wzggb?&%rlaspect, there is provided a vector composed of a nucleic £gacid as defined
above. In another aspec%, there is provided a host cell comprising a vectot a¥ detined aBidve. In
another aspect, there is provided a transgenic animal, except for man, comprising a cell transformed
by a vector as defined above. In another aspect, thefe is provided a method for producing an
antibody, or a derived compound or functional fragment of same, as defined above, characterized in
that said method correforises the foIIowinﬂ stegs: - the culture in a medium of and the suitable

culture conditions for A O CERRE LR H Ry ADLERY I@EB%Y@X%}GA%WW%% of its
functional fragmeig Atus/pradaces S tha mgitose viedivmorioor s cutwed eetiscyvwin another
aspect, there is provi i deri mpound_gr functional fragment of same, as
defined above, fo?ﬁi%‘e&dzmnw SI%B&@‘W%@F&&HW@%@ ﬁﬁ%@&ﬁ}fc@tgc
composition compfiSHHi§ Kb SHSACHN S Kigkedi &l BVIOM pdt WS st G IS as Ent it Qarergerived
compound or, funw f i I is provided a
pharmaceuticSaI com posﬁmﬁm %%Sle\]% o&%@%‘%ﬁ&éﬂ%ﬁ?ﬁ%’?é@%&%@g is
provided an antip@%@@fﬁ&l:é‘ﬁiﬁ@&ﬁﬁﬁ&@ﬂ&ﬁd or functional fragment of same, as defined above, and/or
of & pharmaceuticalorgpazin 38 defines ARPYE: A A i@ inmedualR0 GAGRA ARXin a cell

In another aspect, there is provided the use of ‘an antibody, or a derived compound or functional
fragment of sameScA8 st derissubudsa be Steasnkrnerssioncaiaben PBSiBIOHASGB IR Bbde, in the
manufacture of a ggedicament for prevention or treatment of cancer. 13c A "functional fragment" of
an antibody means in particular an antibody fragment, such as fragments Fv, scFv (sc=single chain),
Fab, F(ab)2 Fab S G N eRE BHAA RGBS SR F AR RS LB T SIRBL 26! Such
functionaldfragmdemmmmmgﬁmmmmgwesﬁnmespﬂpﬂwvnwmmm .
compound” or "derivative’ j S i i r a hindi i peptide
ccationd and at lo A ane b 10 DS o1 GG S b N S S RIS
recognize CXCR4/ BIRAIJArTARDEBTADOLBIELS DS IYRIGBYRT HPBIpE ROV SIHEIH e 6t T IHGDeT
described in mor ' i ipti r ] ' prises
{he antibodics, (e dou LS b R R a A ehenis 2t LRI
invention, nbfablyHMENEIBWISH TS IO By geieGid KTohitsdis h Y CORMISLEIhesis.
According to a prﬁ@m@ggg@im%mﬁqggg)dy according to the invention, or its derived

compounds or functional fragments, is characterized in that it consists of a monoclonal antibody.

"Monoclonal antibody e uatecrsnsedptéorib anlish SHIBERT arishgal vasienh&rgoh droee sobust
antibody population.oipranariaylailstheiod ok akatibediasof Aanany!ation,ase ifeptical except for
a few possible naturally-occurring mutations which can be found in minimal proportions. In other
words, a monoclon&! ey tReRelstersby HintsHnh SeedisAtih JasPaRIENg PEnTIHE R IEBI% single
cell clone (fp0 exampieabdaydigivaiaaen kYO hast ¢elkansteaiadwithadd Nd medegsdezgoding for
the homogeneous antibody, a prokaryotic host cell transfected with a DNA molecule coding for the
homogeneous an‘rﬁ%%nc?yfmé cljnﬁfld is generally characterized by heavy chains of one and only one
class and subclass, andHigfatadiiain€XCBAly comepbyel o osforakladiboR LS HERighbyespdaific and
are directed agairggt a ei{lglge?erég N Intggdiggn,c ir}1 é:l(S)trilItlrag}with preparations of polyclonal antibodies
which typically inclu B Various antibodies drrecte agamgt various determinants, or epitopes, each
monoclonal antibotieistireukdnl Srgaimonbstadidpitopment e ang gensequence 45 dapsttbé entiderstood
here that thegnveption.dpes Q%J&l@ﬁ%{ﬁrﬂgppﬁdﬁﬁﬁﬁ@%@iﬁ% .4€., they are not taken from their

natural environment but are isolated or obtained by purification from natural sources or obtained by

genetic recombinXHOA BN RS R NFSH LB ThEY $ey-RERLddryAlrERiR-BRTKY BYHE s will be

described Sbelows1 vriose partisulany \aesedivg i preferredembadiment offiherinxentien, the
antibody, or its derived comﬁpounds or functional fraﬁments is characterized in that it comprises a light

chain comprising%@l‘éggf}g S EPR chdden éﬁ%@éﬂP&%ﬁW&W&U&%@&% No. 1,
2 or 3, or at leastIgnss R BH0E8 SEMUERR® Ay sSSP 88 vhvioreterabiguBR L DRV PEBT and

98% identit fter%i;ig li i . . or i i eavy
chain compéilﬂging a ea:gL cﬁr\{g‘ %@%@%ﬁ%@%ﬁ%@é@%@%ﬁ&m Nos. 4,
5 or 6, or at leastARFINIRIQNGQE BEHBENGS Ihas At e edBEBAYH, P RsTE ey BV 0006 REESLERE 98%
identity after OP“"ﬂﬁh?{)@gﬁﬁﬂﬁﬁﬂﬁgﬁ%%ﬁ%%s%E&%?s%ﬁ- 4, 5 or 6. 1 5According to another
embodiment, i.he antibodies of the invention, or one of their derived compounds or functional
fragments, are characterized in that they comprise a light chain comprising at least one of the three
CDRs of the sequences SEQ ID No. 1, 2 or 3, or at least one sequence with at least 80%, preferably
85%, 90%, 95% and 98% identity after optimal alignment with sequences SEQ ID Nos. 1, 2 or 3. 20 In
a preferred manner, the antibodies of the invention, or one of their derived compounds or functional

fragments, are characterized in that they comprise a light chain comprising the following three CDRs,
rachnectivvelvy CDR-21 1 CDRZl 2 and CDR-l1 2 whaerein:



- CDR-L1 comprises the sequence SEQ ID No. 1 or 9, or a sequence with at least 80% 25 identity
after optimal alignment with sequence SEQ ID No. 1 or 9; - CDR-L2 comprises the sequences SEQ ID
No. 2 or 10, or a sequence with at least 80% identity after optimal alignment with sequence SEQ ID
No. 2 or 10; and - CDR-L3 comprises the sequence SEQ ID No. 3, or a sequence with at least 80%
identity after optimal alignment with sequence SEQ ID jo. 3. 30According to a particular embodiment,
antibodies, or one of their derived compounds or functional fragments, are characterized in that they
comprise a light chain 15 comprising the CDR-L1 of the sequence SEQ ID No. 1, the CDR-L2 of the
sequence SEQ ID No. 2 and the CDR:L3 ftpe sequence SEQ ID No. ? ther
particular embodimaé’nﬁﬁﬁﬁ]ﬁ olﬁﬁéjg?lggigﬁlg%? Sir' eﬁ%te%rcao]rlﬁ'%'g%n‘é%%%lﬁ%%fglg r{aﬂgrr%?elr?%? are
characterized in thattheynaomytistia tightetkiirt Secepiprisingtveng HRIEQID AR sétjuaice SEQ ID
No. 9, the CDR L2 of e seguence SEQR Npv10, 216 e GRR-A Bl the spauensasF QuidNo. 3
Lo Pthe T ne o t%el derive

More particularly, the ies of the tnvention, or d compounds or functional

fragments, are charefeteriz et mshiOihe) compiflseaiieeny sheih comprising at least one of the three
CDRs of the sequences SEQ ID Nos. 4, 5 or,.6, 100r at least one sequence Withr%teée L 390004
preferably 85%, 90%, 9%‘3/0%5%1(5’ %%}g%gﬁ%?ﬁ/%e&go%rﬁgsgﬂtgﬁﬁ%gﬁg v?{itﬂsgecqoﬁnepnces EQID Nos. 4,5
or6.  Even morNpreferablyAthenemtibpdies of thelynantiiisn comprieied thveid deived4derdpdiinds or
functional fragmeﬂte él%riﬁ'%la&%%%%ed in that they comprise a heavy chain comprising _the following
three CDRs, respectively b 1, CDR-H2 and CDR- 15H3, wherein: CDR-H1 comprises the

sequence SEQ ID Nos. Fhi¥ distlosuse duskaueptemiith arledse sousideh e b siirrasfitifnent
- with sequence SEQ.IR: Nos: 4. pQ:dk; efcdaRHA FoRersasbrRERIMSIERS SRR Nos. 5 or 12, or a

sequence with at least 80% identity after optimal alignment with sequence SEQ ID No. 5.or 12; and 20

_ CDR-H3 comprises the BG5S SR ((975ises 8BS B FaREs i SPTbA B8 5dentity after
optimal alignment yujth-segHeneaBEam HRpNesibroradior, sishcardipigstoid, pastidinigtiembodiXeht,
antibodies, or one of their deriv unds.or functional fragments, are charagcterj i t they
comprise a heavy ¥h M@%&%%ﬁﬁoﬁ?ﬁ t%“é%%%"ae"‘ﬁ%}s%%S% ﬁg‘%ﬁ%ﬁé %?%%Hiq%f the 25
sequence SEQ IDNgefiangdherGf-ti3 ol deguedie SEQDINEIE of sACESHIME/ (GeRather
particular embodiment, antibodies, or one of their derived compounds or functional fragments, are
characterized in t%?ﬁ&b%%ﬁ%gxa heavy chain comprising the CDR-H1 of the sequence SEQ ID
No. 11, the CDR-H2 of thetsequéndansSitGhibDdNdodReafdihecGRR siEachtieddoubn geeBEGAD No. 6.
30 More particularly. acearding. {0, prefeusd embedimentpidfe invesisn e antihackne derived
compounds or func ional ftr%lgmen S,ISC Aracterized in that it comprises a light chain comprising at
least one CDR choderciartitrmethedCOmsissh atne! tenstiomses sihbess SEQ ID Nos. 40, 2 or 41 or at

least one CDR whosg 5eCHEACR DARALIEasLRONIPEIAbNER Yool b0 2o Aty ddaiy after

optimal alignment with sequences SEQ ID'No. 40, 2 or 41; or it comprises a heavy chain comprising at

least one CDR chessh@EHR84GRERS DR EOERT P EOESRfuences SEQ ID Nos, 42, 5 or 43, 5 or at
least one CDR whgse,seauense:Nas afieass 80%telaimiays85m00¥sr a5 andB8%midentity. after
optimal alignment with sequences SEQ ID Nos. 42, 5 or 43. rding to another embodiment, the
antibodies of the iIM&RHERCHPERE B %ﬁ%@é&?ﬁ%&%@%ﬁﬁ%&ﬁ%ﬁr rﬁ&r%re% rsn,pg% md d
characterized in thatthey.compsiSprertipi haigsrmasising ot leadt ane sikthddhreeGRRfthe

sequences SEQ 10ID Nos. 40, 2 or 41 %r t legst on .segeuenc with at least 80%, preferably 85%,
90%, 95% and 98%-idrhify SHECEHRIA %ﬁ”ﬁﬁ%ﬁ‘% HPBREEs SEQ ID Nos. 40, 2 or41.  Ina

preferred manner, the antibedigsfefkstiednyetiiem: oxaidelnbtheill deriare comypoanciélosighctional
fragments, are characterized in that they comprise a light chain comprising the following three CDRs,
respectively CDR-EE%%E?G d CDR-L3, 15 wherein:

In a preferred embodiment, the nucleic construct(s) encoding said

CXCR4/CXCR2 heterodimer complex encode also for a first marker which is
associated (particularly by covalent coupling) with the CXCR4 sequence, such as the
luc marker, and for a second marker which is associated (particularly by covalent

coupling) with the CXCR2 sequence, such as the GFP marker (Le.for BRET analysis).



- CDR-L1 comprises the sequence SEQ ID No. 40 or 46, or a sequence with at least 80% identity after
optimal alignment with sequence SEQ ID No. 40 or 46; - CDR-L2 comprises the sequences SEQ ID
No. 2 or 47, or a sequence with at least 80% identity after optimal alignment with sequence SEQ ID
No. 2 or 47; and 20 - CDR-L3 comprises the sequence SEQ ID No. 4 or a sequence with at least 80%
identity after optimal alignment with sequence SEQ 13,No 41. According to a particular
embodiment, antibodies, or one of their derived compdunds or functional fragments, are characterized
in that they comprise a light chain comprising the CDR-L1 of the sequence SEQ ID No. 40, the
CDR-L2 of the sequence 25 SEQ ID No. 2 and the -L.3 of. ID.No. 41.
According to another pﬁﬁ uﬁ{gf’erﬁ Same ,Seasr%tl %thcleg?rc‘;’%lg%r%go%%ﬁ%ﬁﬁ%ﬁ%m%g‘unds or -
functional fragmenigcaraeharastesizet itthbe tseyl domibesprepligitioshafhcopmsiHgntheGBR-L1 of
the sequence SEQ ID No. 46, the CDR-L 2.0f the,se CDR-L3 of the
sequence SEQ Ilgzﬁ%?e 70 5?(%%%? |cﬁ?e%ﬁgi/Rr%%%%ﬁ%%%%%%%pﬁ%%ﬁ%fﬁ tr(l%ene of their derived
compounds or fusctionatfragertsbinent hashetd diwsipredhatdreyienpisswtiaily chain comprising
at least one of th%ﬁt‘g%é%&‘i RLINGISEAHSHERS SERHR JNeS. s B ¥ ddA3.pr at least one sequence
with at least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with sequences
SEQ ID Nos. 42, 15 detaSniningEwbethemote prefereaisid, it apahio od e Gratasn Aoy R BRE RS their

derived compoungia gt cliana &M@@ﬁd{?ﬁ&%ﬁ?&%ﬁg&b% heycsompsise beay 5 chain
comprising the following three CDRE, respectively CDR-HI, CDR-H2 and CDR-H3, wherein: - CDR-H1

comprises the sequence SEQ ID Nos. 42, 44 or 48, or a sequence with at least 80% identity after

optimal alignment with geQueneeHER, 1Psigs: 42144 REAB ISR 2o tprfes g sequiences SEQ
ID No. 5 or 49, or a sequence with at least 1 080% identity after optimal alignment with sequence SEQ

ID No. 5 or 49; asud-Epectior ebApprbs fi¥lseisfifes SEQ ID No. 45 or 43, or a sequence with at
least 80% identity after ppfimahaligaipent withsequencars & Qb2 tordbearidion of Atentiding to a
particular embodiment, antibodies, or one of t%sér derg\c(e corpﬁoungf or functionaaltglragomﬁelﬂgsﬂ are
characterized in thatTRéy BERNMSE LRE A7y SERGT O%‘EHET 1§ RS EBRIT PR eglence SEQ ID
No. 44, the CDR-5ig0the seeyees: SEQ RN iRdapehdant COR-i8rofdh e S neadSBQuB No. 45.
According to another particular embadiment, antibodies, or one of their derived compounds or

functional fragmeﬁ?&%‘%”gh%?d%’gé‘ﬁ’i@@ fiiiat they comprise a heavy chain comprising the CDR-H1 of
-the sequence SEQ ID Ng 45:cHhene DR -2 wiitieRibedgyendesS EGnD AobeadcandrieGDRIE3 of the

sequence SEQ ID No. 4 resent descriptign, ms; P9 eptides”, "polypeptide
sequences"”, "peptifé 1°§H?ﬂmp¢(}g§§§ g csé% 8 tgl%crglg%%c{;‘ y&(%%r%paécun sbc{)]?to their sequences" are
interchangeable. It must ki usdegsteostketra tnaibtieinye S0 oodsspls o EEHEITUBERRS P 25

natural form, i.e., th Cam&%% féom Ehgééﬁ%%@n%?gﬁm%E%&?re isolated or obtained by
' ained by inati

purification from natural Sources or o genetic recombination or chemical synthesis and thus

they can carry unnaturaliginiastaritis selontitfsatiedésalostseldand selecing spEbedifssanpRnte
Complementarity'%&%@%@@?@ﬁ%@@ﬁdﬁl&@%ﬂf&é@%%ﬂ%@.‘e regions of the heavy and

light chains of immunoglobulins as defined by Kabat etal. (ICabat et at, Sequences of proteins of

immunological interest, 5t £t aIrS:sHepartneEriBRitealth BT HEREASEROEEE, RIFF49SL, %ind later
editions). There ajg, 12 fhree-heayy-cheitCRRs ARG HRe fight-ahaimed RestHanhitheet €MESVC DR

and "CDRs" are used to indicate, depending on the case, one or more, or even all, of the regions
containing the maféitFéthe amino acid residues responsible for the antibody's binding affinity for the

antigen or epitope it recogNizegms explained before, the induction of CXCR4 dimers conformational
changes is & capital aspect of the invention as such antibodies will present 2 real interest
for a larger popuiation of patients.

The generation of the antibody can be realized by any method known by the
man skilled in the art, such as for example, fusion of & myeloma cell with spleen cells
from immunized mice or other species competible with the selected myeloma cells
[Kohler & Milstein, 1975, Nature, 256:495-497]. The immumnized animals could include

transgenic mice with human immmogiobulin loci which then directly produce human



~ 5In a second embodiment, by CDR regions or CDR(s), it is intended to indicate the hypervariable
regions of the heavy and light chains of the immunoglobulins as defined by IMGT. The IMGT
unique numbering has been defined to compare the variable domains whatever the antigen receptor,
the chain type” SriH¥ @& ies [Lefranc M.-P., 10 Immunology Today 18, 363/ER88% 96t B tanc M.-P.,
The Immunologist, 7, 132-136 (1999) / Lefranc, M.-P., Pommie, C., Ruiz, M., Giudicelli, V., Foulquier,
E., Truong, L., Thouvenin-Contet, V. and Lefranc, Dev.@omp. InununoL, 27, 55-77 (2003)]. hi the
IMGT unique numbering, the conserved amino acids always have the same position, for instance
cystein 23 (1 st-CYS), tryptophan 41 (CONSERVED-TRP), hydrophobic 15 amino acid 89, cystein
104 (2nd-CYS), pHéfpRiiEmindrstieyproptibls 19Bb@REE oraiR RYnTike M @singnigleeauditpding
provides a standardizgdigiglimiation.ofthg;famework regions (FRI-IMGT: positions 1 to 26,
- FR2-IMGT: 39 to 55, FR3-IMGT: 66 to 104 and FR4-IMGT: 118 to 128) and of the complementarity
determining regions: CDRA }tsSRizey P38, ebratiaer: b dvemethri oD RYAMGHOTaED the 7. As

gaps 20 representmipsgupiad pRSIHONS, 1he RN GhignahsatShowaBshve en IWacksis.ard
separated by dots, e.g. [8.8.13]) become crycial informatjop. The IMGT unique numbering is used in
2D graphical rgeprels%ng?éf’%ﬁgo,cg@i@%eﬁda‘g Iﬂ’ég‘s@oﬁ DA SRR, M BRITBHaPROCRIS.P .,
Immunogenetics, 58n887 i883d200 By FAaSSalyainchh €fFETRA MarffeGintrant Bicinfersnaticsos21-30
(2007)1 and in 3D tures in 25 IMGT/3Dstructure:DB [Ka Ruiz, M. and Lefranc, M.-P., T
cell receptor and M [g%%;{l?c% r%ﬁragl}%é%ugi?%&%ﬁéfa ‘é’é’.‘g W@?ﬁ%ﬁﬁ f‘ba&%&fﬁgmze erél%twgavy
chain CDRs and JrfigintataingdRslbxithiThetessrn@DR descilRs isousecttiesly im diieldo floviicate,
according to the cagg, gRe of these regions or several, or even the whole, of these regions which
contain the majority of the amino acid 30residues responsible for the binding by affinity of the antibody
for the antigérf or the epifipds\ixRistipacsemedslats X CRAGctistdonlaiity, ittended beruedidestebd that
in the following degedptiobr aRGMOKS BaTlEFMINtahleR 2R3, he:GRES will be defined by IMGT

numbering, Kabat numbering and by common numbering. Common numbering regroups the
residues part of edCREBR HMAEAcommon 5 to the CDRs as defined by the IMGT and the Kabat

humbering systemsThe spd&aic reindngsiag eYrRMAsfibRsdhe CRRNAGOKIIIGIheIMETEsystem as

above defined wh bat numbering system defines the CDRs according to the |Cabat system as

above defined. %rg&gr{?ﬁ f’n?&‘&fﬁﬁ&?, QD%TEH&SE’SHSCS%%CIE ?\ib?%’(‘@@%“‘\(ﬁ@#?ﬁ‘i@\ﬁ?)ﬁin 10

the commonidnd bh@Hramensbeling SyEIeKIs madtohBE QibiNexdiaEIQmkY NSREBIANGRY) in the

Kabat numbering ﬁé/c%é) (r)qg Concerning the CDR-L2, it consists of SEQ ID No. 2 (WAS) in the
numberin

common and IMG g systems and of SEQ ID No. 10 (WASTRES) in the Kabat numbering
system. 1 5The CBR:t Speoifisi Sis dif SE Qo DI an SoiQEYHN IR T Ty S achief rertureeXTRabesing

systems. For t vyichain, the CDR-H1 consists of the SEQ ID No. 4 (TDY)Y) i mon
numbering system?%%‘g%g)l [gﬁ%t %ge?ﬂwlfn%ﬁ%s?mﬁﬁ% %ﬁ?ﬁ%%%’te%ﬁ%éﬁ%é@% No.
11 (TDYYMS) in thellicatshiyramhberitigptyste pxp8sitevdDRA L OMRstecop SEQetibMmesS
(IRNICANGYXET) in C - ' .ang of 0
(FIRNICANC\géTTEﬁgi%%%%%%%%%ﬁgﬁﬁéﬁggﬁgw @ﬂ%ﬁé&ﬁ%ﬁg\% _H3 consists in
the SEQ ID No. 6 {DIPGEXGR trecrBrimmsirieddrabitiestion befiirsgetiuins oaheiranssierssnisets of
SEQ ID No. 8 (AREXRplAY).in 25 the IMGT numbering system. More particularly, CDR-L1
consists of SEQ ID No. 40 (QSLENSRTRICNY) in the common and IMGT numbering systems and of
SEQ ID No. 46 (KSSQSMerfspreisiehlyr vhia) P thleioh &f rithnigrsirpeyRicthese activitiptdpnity the
CDR-L2, it consisiatabibidihdNaRi(YVAS) in the common 30 and IMGT numbering systems and of
SEQ ID No. 45 (WASARDYS) in the Rabat numbering system. 20 The CDR-L3 consists of SEQ ID
No. 41 (MQ§ NLRT) for each of the three numbering systems. For the heavy chain, the CDR-H1
consists of the SEQ ID N a4ffieind )einlitdirnanm nfahenuepb éingsiistefsetdchi (b bl orodss of

GFTFTDNY) in the, ' .and of SEQ ID Np. 48 (DNYMS) i kabat .
ﬁlumbering s&s!?en?? y tga %Ig%%{ll%g%%ﬁl/%%ngﬁgﬁgol . %V%”ﬁﬁ?\ﬁé'}&%ﬁglﬁ‘%:% e cas‘}%%“’bgn and
IMGT numbering 89steghs amitress8E QUE CRA-BOYFHFNIRANGY T Rl SASVRRA) o/ (EGRDATFR Mbering
system. At laghthe ehRafL3 LeRRISIRHRINE R RIR !I}J%ﬁ%i@%/ ég@w%%w&’gq%[“mon

and kabat numbering systems whereas |t consists of SEQ ID No. 45 (ARD n the’IMGT
numbering sitent? 7o 4n thendomes srafserbhesl it riBaIRE THégnsbreentage identity” between two

sequences of nucleic acitig QEARINEAGIEMeARSHERMBRISS MG OiIdanticat Adelantides ramino

acid residues between tlgﬁz two sequences to be compared, obtained after
profem dimerization [Angers et al,, PNAS, 2000, 97:3684-89].



15 optimal alignment, this percentage being purely statistical and the differences between the two
sequences being distributed randomly along their length. The comparison of two nucleic acid or amino
acid sequences is traditionally carried out by comparing the sequences after having optimally aligned
them, said comparison being able to be conducted by segment or by using an "alignment window".
Optimal alignment of the 20 sequences for comparison can be carried out, in addition to comparison
by hand, by means of the local homology algorithm of Smith and Waterman (1981) [Ad. App. Math.
2:482], by means of the local homology algorithm of Neddleman and Wunsch (1970) [J. MoL Biol.
48:443], by means of the similarit sear eth arsg i D 288) [Prag NallmAcad.
Sci. USA 85:2444] or by B¢8HEPEY r‘?S??W:Pée S 1@%%%11;8% %ms (GAP, BESTFIT,
PASTA and TFAST Ay the \été@xéartameaﬁems Sa@i&t\barécﬁdc&ageth@é@]é@mgémﬂﬁ]@ﬁd%ﬁp 575
Science Dr., Madison, WI, or by th arison soffyy PrBLAS 1sR) nbheRarmentage
identity between ti?ﬁglﬁ‘f}&’fg’ c%@% ?@ﬂiﬂ O ABIC 1é%’quences IS e%rﬁlne% b comparlng the ti)/
optimally-aligned @ﬁggﬁ%ﬁ&dﬂmh@ﬂ@émc@l@mrmﬂ@ﬁ@@%d% heEE M can
have additions or deletions compared t he rg{gae{gcgfsggpe@eggrgqggm@@h@}mgﬁj hetween the
two sequences. Ff’ét% ?g escfel%lty |s% ated by determini Ek%the number of ﬁ?&a@ns at WhICh the
amino acid 21 nt(d’@ﬂﬂdeﬁluomsmhﬂe@@dénit@éhﬁaét@&é@rﬁﬂﬁ% R 4Gbinrsd, b RPEESen the

two complete seayences d'v‘%&g % HRRer sifidanticalpasiionsiey dhertatalnum ier dpositions in
the alignment Wlndowa ying the result b 100 to obtain the p rcentﬁge |de tit ge ween the

two sequences. 5Eﬂmemm@®nmeﬂgl_ﬁs%%@ta RSB STRTEHE ™ ~:‘Prsov"art gt al., %Iast 2

sequences - a ne 8§ SAMPRIiRY Wﬁmmﬁiﬁpmﬁaﬂpw% mﬁwwmbmowmig%
- Lett. 174:247-250) a able on the site I|ttp [lwww.ncbi.nlm.nih. wg[ rf|b12 ht C@&P@eﬁ‘%@ﬂ with the

dhefalu(;t pe}ramejtersrm@?mmgﬁ’é ﬁﬁ%it(;& ;‘ep% ﬁﬁ%g;pl)eong L cnoan, gd;g;lr;gn gap pe;;:ty 2;
the 10 selected m [ SE¥AENP cByOddMbRicrBatr <1 pogrehPithe .
percentage |dent|tg£g&e1twge2% the two s g:ﬂ‘ &i,% %com are,{és calcu I9é§gr£ﬂ§ee5bf %t”&%lli}f '
For the amino amdosgtfuéﬂ%”e%’#ﬁﬂtn@q 8 Sl%re?erafﬁy 95% and 98% |dent|ty with
a reference am|noe§§t@s&ﬂh!@ﬂﬁ@nﬂ[ﬁt&ﬁraﬂkt®<ammmﬁmcmoé 15 thesbrantaamgable refsEte
sequence, certain modlflcatlo tabl %Tletft n, gddition-ar subsitution ofalleastargamieo acid,

truncation or exter(gﬂﬁanﬁﬁiri’ﬁE‘ “8f itUTionR Of One o more consecutive or non conse ﬂtlve
amino acids, substituipns skedyretested danwkish thé subdditined aphie sierad &3 Peds E%ta i

"equivalent” amin He 21, the ex I(‘F%S{RQ rae&u%%@ﬁ@qglﬁgh@ggﬁég Bg}&ﬁ@taaadpngdtcatetaay
amino 20 acids lik lgeg%ubstntlute or one of the structural amino amdsgﬁnthout howeve modlfylng
the biological activitigs @hm@dmﬁésﬁendﬁn§0aﬁﬁm%ﬁﬂ%‘f’tﬂd’%@?ﬁ&ﬁtl NS %gltoneasbelow

Equivalent amino amdg tbeltgeé%ﬁm Sither Quthaikstasctual hovrplggitwithnih &Bhingaatids for

which they are substitute or on the results of comparative tests 250f biological activity between the
various antibodies #ikeby-to be generated. As a non-limiting example, table 1 below summarizes the

possible substitutions likefy 4@ b& Earsiegdveutomthaytsessiting i endigdifreantamoditidatddmortiy

biological activity of the corresponding modified antibody; inverse s e nakrally,passible
under the same coHtitiBRR. Skier 2t ?f%ﬁjﬁbg TSGR IES TS Q%;&% I@%%Orl inal residue

Substitution(s) Ala ffinVal, GhnBie MeitRd.y sheHisllowing technologies can be mentmned FRET
(Fluorescence Resonance Energy Transfer), HTRF (Homogenous Time resolved
Fluorescence), FLIM (Fluorescence Lifetime Imaging Microscopy) or SW-FCCS single

wavelength fluorescence cross-correlation spectroscopy).

Other classical technologies could also be used, such as Co-
immunoprecipitation, Alpha screer, Chemical cross-linking, Double-Hybrid, Affinity

Chromatography, ELISA or Far western blot.
Tn a particular embodiment of the process according to the disclosure, step ii} consists

in evaluating antibodies by BRET analysis on cells expressing both CXCR4-
RILuc/CXCRA-YFP and selecting antibodies capable to inhibit at least 40 %, of the

BRET signal.



Mn (N) Gin Asp (D) Glu Cys (C) S er Gin (Q) Asn Glu (G) Asp Gly (G) Ala His (H) Mg lle (I) Leu Leu
(L) lle, Val, Met Lys (K) Mg Met (M) Leu Phe (F) Tyr Pro (P) Ala Ser (S) Thr, Cys Thr (T) Ser Trp (W)
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In another particular embodiment of the disclosed process, step iii) consists in
evaluating antibodies by BRET analysis on cells expressing both CXCR4-
RLuc/CXCR2-YFP and selecting antibodies capable to inhibit at least 40 %, of the
BRET signal.

In an embodiment, a subject of the disclosure is an isolated antibody, or one of its functional

fragments or derivatives, being obtained by said process. Said antibody or

one of its said fragments or derivatives, is capable of binding specifically to the human
CXCR4 and, if necessary, preferably moreover capable -of inhibiting the natural
 attachment of ifs ligand, said antibody 'being also capable to induce CXCR4 dimers

conformational changes. '
The expressions “functional fragments and derivatives” will be defined in dstails

Jater in the present specification.

Tt must be understood here that the disclosure does not relate to the antibodies in
natural form, that is to say they are not in their natural environment but that they have been
able to be isolated or obtained by purification from natural sources, or else obtained by
genetic recombination, or by chemical synthesis, and that they can then contain unnatural
amino acids as will be described further on.

More particularly, according to another embodiment of the disclosure, it is claimed an
antibody, or one of its functional fragments or derivatives, said antibody being
characterized in that it comprises at least one complementary determining region CDR
chosen from CDRs comprising the amino acid sequence SEQ ID Nos. 1 to 12.

More particularly, according to another embodiment of the disclosure, it 15 claimed an
antibody, or one of its functional fragments or derivatives, said antibody being
characterized in that it comprises at least one complementary determining region CDR chosen

from CDRs comprising the amino acid sequence SEQ ID Nos. 2, 5 or 40 to 49.

According to an embodiment, the disclosure relates to an isolated antibody, or a
derived compound or functional fragment of same, comprising at least one CDR chosen
among the CDRs of sequences SEQ ID Nos. 1, 2, 3, 4, 5 or 6 or at ieast one CDR whose
sequence has at Jeast 80%, preferably 85%, 90%, 95% and 98% identity after optimal
alionment with sequences SEQ IDNo. 1,2,3,4,50r6.

According to another embodiment, the disclosure relates to an isolated antibody, or a derived

compound or functional fragment of same, comprising at least one CDR chosen



Tyr Tyr (Y) Phe, Trp Vat (V) Leu, Ala It is known by those skilled in the art that in the current state of
the art the 5 greatest variability (length and compositiorg between the six CDRs is found at the three
heavy-chain CDRs and, more patrticularly, at CDR-H3 dPthis heavy chain. Consequently, it will be
evident that the preferred characteristic CDRs of the antibodies of the invention, or of one of their

derived compoyngds.anfunsiang fasentsnyibehe shree GDRs obthes hpavyeabaieicpror the
414H5 the CDRs coded by sequences 10 SEQ ID Nos. 7, 5, 8 and 11, 12, 6, respectively defined

d
according to NN PSSt BcRtram S Wps Preferbly S R4 cOéd W&@Hﬂﬁ%é@@@ Bos. 44, 5,

45 and 48, 49, dniespasively-welineflaceoBEQUIPNMGT0 md Kabas.deven more preferentially, the
CDR corresponding t? the CDR-H3 coded b,ty segyence SEQ{'Pt{}IeO' %e%{_gnf%rftgne g'xgtf' &QQ 45 or 43
for the 515H7. 15In a Lp¥SHit BRI AR PRSP deRCive -

& predelitnvention refates to a murine antioody, or
derived compoamitedy, iunetiorfat ffagonents fodaenes. olNEi2010A0 3788 1P THEDPRIGSYOH2VBT 23

Another embodpant g} e, Iavenon discinses, a0 SRR I eryed compounds o functional

fragments, comprising a light chain comprising e following three C F\"s_: CDR-L1 of the sequence
SEQ ID No. 1 or of a Setfaesieantth aeteteBousiberife reiklyssleging oulndsosasElo g9 htentity after

optmal aignmeglyi REgHeReR PER IDNO  ERB 2t he sadugnce SEQ ID No. 2 or of a

sequence with at least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID Noiiptesrng teeprlacted piibedign @b seBEG® 1CsNs BHPUliat s ilh at least
80%, preferably,d Q859G ho8RYmad QTereentiviafieneptndahalignment with sequence SEQ ID

No. 3, and a heavy chain comprising the following three CDRs: CDR-HI of the seguenc ID No. 4
or of a sequence with'H? @é’%?%é‘%?%?@f%éa?ﬁ’l@bggq’ ) %ﬁﬁpdé%ﬁé%n%elﬁﬁ%gﬁﬁ%%gé ecrag%l%ll%a

alignment with sdque0seE BEQADRYGefkrddin(el RehiProfdiienseduepee SEQ ID No. 5 or of a sequence

with at least 80%, preferably 85%, 90%, 95% and r%% iderftit%/d f%g irglag@' DMEDNS }%igﬁrﬁpquence
SEQ ID No. 5; and C RSO th eé’g&u%rﬁc‘é%ﬁ‘é‘? 0.60rofa sequence % at least 80%,

preferably 85%1905%;1058h fingh@8¢/s ceamity aiftesneibtintd] kdigarmhingdbseqpesess SEdibeo. 6. 20
Still another emBadimeny &ﬁ%@&@&%ﬂgd&q%&%@B&mﬁmdﬂ@%iw%mmgw%& fignctional

fragment of same, comprising a’light chain comprising the followmg\three CDRs: - CDR-L1 of the

sequence SEQ"D Nobt BRE L samlepresiithapresirs it 4 ms{Stdt &g Hmart With
sequence SEQdRMa. A1 25c&PR212ref the sequence SEQ ID No. 2 or of a sequence with at least

80% identity after optimal alignment with sequence EEQ ID No. 2; and - CDR-L3 of the seguence SEQ
ID No. 3 or of a sequ @I\Rﬁ%ﬁ' Tai RSt 88595 itfe RERY SHb PB I R Bilg R AT SEYTRARE SEQ 1D No
3, and a heavy fohaieompsiaing dhefalpwing thodénEibiRsg activation of CXCR4, characterized in

that the said antibody, or derived compound or functional fragment of same, is selected
in the group consisting of:

a) an antibody, or a derived compound or functional fragment of same,
comprising:

- a light chain comprising, according to IMGT, the CDR-L1 of the sequence
SEQ ID No. 1, the CDR-L2 of the sequence SEQ ID No. 2 and the CDR-L3 of the
sequence SEQ ID No. 3; and

- a heavy chain comprising, according to IMGT, the CDR-H1 of the sequence
SEQ ID No. 7, the CDR-H2 of the sequence SEQ ID No. 5 and the CDR-H3 of the
sequence SEQ ID No. 8;

b) an antibody, or a derived compound or functional fragment of same,

comprising:



30- CDR-H1 of the sequence SEQ ID No. 7 or of a sequence with at least 80% identity after optimal
alignment with sequence SEQ ID No. 7; WO 2010/03Z831PCT/EP2009/062787 24 CDR-H2 of the
sequence SEQ ID No. 5 or of a sequence with at least 80% identity after optimal alignment with
sequence SEQ ID No. 5; and - CDR-H3 of the sequence SEQ ID No. 8 or of a sequence with at least
80% identity after optinralighgmimentonitsengerceSEQ 1D Kabag. hstillldidditherfelbeckintaet of the
invention disclqses 9 ﬁ%?'@o‘i’ﬂe_@ﬁggﬁi'\é?%%omg@é&g QEfNEIRRAlagMeRL SRMS. HAmPrising a
light chain compriSing the following three CDRs: CDR-L1 of the sequence SEQ ID No. 9 or of a
sequence with ssaksase 806 ieWity:#f€r optimal alignment with sequence SEQ ID No. 9; 10 - CDR-L2
of the sequence SEQ.IR? Na}Qiiefasaausncavitiial lRarLBRYidentiy-affesOpimnaaligpment
with sequence SEQ ID No. 10; and_CDR-L3 of the sequence SEQ ID No. 3 or of a sequence with at
least 80% identigatRMpitaibaighRdit Ridhessisnce SEOIH . 3 %ﬂfhtgehgg%/%%éi ®dmprising
the following thyem&BPREQAIDELBRy;H1 of the sequence SEQ ID No. 11 or of a sequence with at least
80% identity after optircyal aliglr]trgegt with seg?euen%e SEQ ID No. 1i1ﬁ' %DIISEH ao%g% sgauence SEQ ID
No, 12 or of a sequence Wit At 1855t 8b9% i e%ﬁ?y after c?&?ma?%hgﬁ?ngn?w h‘%equence gEeQ ID No.
12; and Ch&shi3soigthe sequence SEQ ID No. 6 or of a sequence with at least 80% identity
20aiter optimal alignmepifih SEM SRR IRNRiL: 1 MBRNIROBNN derikedgampeund or

functional fragment of same, according to the€“invention’is characferized in that it comprises: -a

light chain compERinR the- GBRhe1 @ Rhe2sef thansisEe IFFRID NpeZomr the 61Rd detfuBce SEQ
ID No. 2 and the DR:Isk:6f ihavsegiiepge SEQ ID No. 253; and - a heavy chain comprising the
CDR-HI of the sequence SEQ ID No. 7, the CDR-H2 of the sequence SEQ ID Na. 5 and the CDR-H3
of the sequence SEQ B RE38.chain compLsips: 24659 B8 i NG DR ofiile sEgHiEie SEQ ID

No. 9, the CDRstd gbihersequanrceisi=Q23Npe teganséneHDIR- b3 of theishguEDREHSIED 2 No. 3;
and - a heavy chain_ comprising the CDR-H1 of the sequence SEQ ID No. 11, the 5 CDR-H2 of
the sequence §Eée el\%)E ?Paﬁa‘t é%R-I-lB of the sequence SEQ ID No. 6. According to still
another embodiment, dhezantitdistydof the invientvod, crritsoderived campoushd§agniemctidhadfragments,
IS characterizegoixq]tg%tgt,comprises a light-chain sequence comprising the amino acid sequence SEQ
ID No. 13 or a squencé'with 10 at least 80%, preferably 85%, 90%, 95% and 98% identity after
optimal alignment with setiglingeaBE@mPriNog] 3ceniding takitkbntbeideBRrhbafytehsviuantence

comprising the gipipacle $5CieneD SERIPMLCARLS SeaUBNse it aldeast a9, prafeialy 85%

90%, 95% and 98% identla{after optimal alignment with sequence SEQ ID No. 14. 15Another

embodiment of*8985RtRREENRISGctEsEth antibody, or its derived compounds or functional fragments,
comprising a light chain.cpapprisinghthefotRwing.tree DR K abse DR LA the seaueraaSES 1D No.

40 or of a sequence with at lea tSOO/I%,Z%refefr bly 85%, 90%, 9 Z?ﬁan 98% i@er%'ﬁg%[gr %[t)éimal
alignment with SEGUEAGY SED TS B opa s EBRIBBrth Ce @6& No. 261 ofa"88quence
with at least 808y piefe fihiB3%, 20%, 95% and 98% identity after optimal alignment with sequence
SEQ ID No. 2; and DR-L3 of the uence SEQO ID No. 41 or of a se enc&yi}gp afleast 80%,
S ; i i
preferably 2585%, 90%,@@ oeéﬁ?i)fé%i oclké%hs't 3505?%2# oap’i'llr%%?% |‘g]%1rr1n8ﬁ;[av§/% eCs%qutca)nce %{% ID
filed at the CNCM, Pasteur Institute, Paris, on October 22, 2007, under number [-3860 or
filed at the CNCM, Pasteur Institute, Paris, on June 25, 2008, under number 1-4019.
In another aspect, there is provided an antibody secreted by the hybridoma as
defined above.
In another aspect, there is provided an isolated nucleic acid characterized in that
the said isolated nucleic acid is selected among the following nucleic acids:
- a nucleic acid, DNA or RNA, coding for an antibody, or for a derived

compound or functional fragment of same, as defined above;

- a nucleic acid complementary to a nucleic acid as defined in a); and



No. 41, and a heavy chain comprising the following three CDRs: CDR-H1 of the sequence SEQ ID
No. 42 or of a sequence with at least 80%, preferabh;85%, 90%, 95% and 98% identity after optimal
alignment with sequence SEQ ID 30No. 42; WO 2010/037831PCT/EP2009/062787 26 CDR-H2 of the
sequence SEQ ID No. 5 or of a sequence with at least 80%, preferably 85%, 90%, 95% and 98%
identity after optimal aligmeséeie witd séqiderse SEmbaides canble oD RebiBlinaadjubiskl SEQ ID
No. 43 or of a segueRCeWildHsas! 80%.P&lerabio 8Bk 90%-REYeaAc R identity after optimal
alignment with sequence SEQ ID No. 43. Still another embodiment of the invention discloses an
antibody, or a a@ﬁvbﬁtec%tab Re @ﬁﬂ%t?@rfﬁlﬁ}agment of same, comprising a light chain comprising

the following three COR§clRrGRRA- hakthgssauance.S6Q IBMNe:HE emotiaisacidencimith at least
80% identity after optimal alignment with sequence SEQ ID No. 40; - CDR-L2 of the sequence SEQ ID

No. 2 or of a sé§ti&hce with at least 80% identity after optimal alignment with sequence SEQ ID No. 2:
and - CDR-L3 of theseduenspcSEQdd Nqrdtiddod asequincenpithiag keast®0% idedntidy 15after
optimal alignm ntVWith sequence SEQ ID No. 41, and a heavy chain comprising the following three
CDRs: - CDR-EY'6F the sequence SEQ ID No. 44 or of a sequence with at least 80% identity after
optimal alignment witliseqoénce:$EQ |Ddtp. ig4provid@DR -Hmssiethe sagodncxSEQID MEL5 or of a

secuence with 4I5as! 8% iy, a8y 0Rungl Algananyuth sequence SEQ D No. 5; and

CDR-H3 of the sequence SEQ ID No. 45 or of a sequence with at least 80% identity after optimal
alignment with sequef&SE [B51e); Aere is proyiifeth sumestedBaiRTefH SReH AVERYSA Bistloses an

antibody, or a defivescamppauns anfunsiionabifaanentat sanaensempsigradighiiebain gamprising
the 25following three CDRs: - CDR-L1 of the sequence SEQ ID No. 46 or of a sequence with at least

80% identity afBiIpTHRY orgRsEHR ML RENEESSEQ ID No. 46: CDR-L2 of the sequence SEQ ID
No. 47 or of a sequencewithiakdeiast SR ideniinditae eptishal alignmeosditidnsdquerieatSEQ ID No.
47; and 30- CDR#@ of t sequence SEQ ID No. 41 or of a sequence with at least 80% identity after
optimal aIignm%Sn i s%qouvghce SEQ ID No. 41, and a heavy chain comprising the following three
CDRs: WO 2010/03788¢RP&F/ER 2008106781 270CDR H ltofithaised Ut St G Nelwslor of a

sequence with gt least 30%.identity aftes optimalialignmgnt with sequence SEQ ID No. 48; CDR-H2 of
the sequence SEQ ID No. 49 or of a sequence with at least 80% identity after %ﬁtimal aéigament with

sequence SEQ ID Nolgnahar sreprigs of tReosilidet e €8s 1 No? £570re8r SCTRUBACE with at
least 80%dide?ﬂiycfﬁﬁﬁﬁmgmhﬁﬂigiﬁﬂﬂemmﬁﬂr&ﬁmd_ Kle;fﬂizﬁ@ H@i}lﬁug&h A;n gnt(ijbpdg/r; cir_ta derived
compound or func m;l%t rag{?en of same, according to the invention is characterized in.that i

K CBRESHA e 1

comprises: ali r&?ﬁﬁﬁﬁgﬂ eéethsepéﬁ rclamslceeéia%%c%o%@ﬁl nl\fg.lrﬁjéj,s%ﬁ% %0 CDR-L2
of the sequencenSEQ+#DdYmdaing theyDR-k8nsisthe sécpemuehSEQaDaNerizdd anghpound or
functional fragment of same, as defined above.
In another aspect, there is provided a pharmaceutical composition as defined
above, for use as a drog.
In another aspect, there is provided an antibody, or a derived compound or
functional fragment of same, as defined above, and/or of a pharmaceutical composition as
defined above, as a drug for modulating CXCR4 activity in a cell.
In another aspect, there is provided the use of an antibody, or a derived compound
or functional fragment of same, as defined above, and/or of a pharmaceutical composition

as defined above, in the manufacture of a medicament for prevention or treatment of

cancer.



- a heavy chain comprising the CDR-I-11 of the sequence SEQ 1D No. 44, the CDR-H2 of the
sequence SEQ ID No. 5 and the CDR-H3 of the seqygace SEQ ID No. 45. 15In another embodiment,
an antibody, or a derived compound or functional fragment of same, according to the invention is
characterized in that it comprises: a light chain comprising the CDR-L1 of the sequence SEQ ID
No. 46, the CDR-L2 of the ‘Sequémest SEQDINof 4mastbrdC DRAIS df terseugeride SEOPD No. 41;
and 20- a heavy ' iSi gﬁt‘%“ S : A8 #i2p0f the
sequence SEQ I@@(ﬂ%@rﬁ%ﬂﬁtﬁe C R%?%%?S 'ﬁ; gg‘au%%gc%r%%%ﬁgﬁg%ﬂ%.ﬁ Fﬁgf:’c%%ﬁlg to, still
another embodirmnkoties.antibarly Srareciivehash, biftifaehve Pesmistricdor AL IBRAI# ments,
is characterized ip thatilcomprisasaighin2B:shairsanuRFescaMBisipgotne amino acid sequence
SEQ ID No. 50 or a sequegce_with at least 80%, preferably, 85%, 90%, 95% and 98% ide i¥y after
optimal alignment with sbqiFEaISEEIPIRG. B0; SHH AT YA EniBHEEL ety R AT eulnce
comprising the angip@acigt&eaLENEp-RRQITR. Nanthik ceadistiurhae Mith ahdeadtiROUR Rsefethbly 85%,

90%, 95% and 98% identity after pptimal alignment with uence SEQ ID : en
above, the inventﬁ?ﬁﬁ@o%iﬁfﬁ% ) AL SMPSERT & |vae§1 ?P(’)rtr? an et %éég@%éiscl?r%ed in the
invention. 28  JWepaIdjcutiiryhdte antibedyobkilihietitont,orilsteetsedbed ripuondetril
functional fragments, is haracte[ti ed in ut%%t said derived compound consists of a binding protein
comprising a pep e S ARRETEA W SiehTs grafted at least one CDR in such a way as to preserve all or
part of the paratope recodmitionpfopbitieshsf thedntien Seemibosy. the Omsibpdisoretbaguép@astamong
the six CDR sequenges, feeqiitad i ihe BePRILINLGRINGARRISG B RresshtALHIg Aty

Ing. In

. . COINNHOU . >
immunoglobulin pro?égl)n scaffol IS case, the protein sequence makes it possible to recreate a

peptide skeleton fehioreriletdumatisieingbbined b araetic rsramaRalim grRRIG HTEYERIS their paratope

antigen- 1 Orecognition pIeRRgias o » FeaerAlmaRsan siladindhaat-ingns beviadeisrmine
the type of protein scaffold on which to graft at least one of the CgRS arisi gg{rﬁgg the ori in%l
antibody. More paiid8Iiy et RORFOWRAHL D BowH SCEREH s & Q’f?ﬁfﬁg‘zﬁﬂj SR GG st
number of criteriagsfollens {skesda A., J. Mol, Recogn., 2000, 13:167-187): 15good phylogenetic
conservation; known three-dimensional strugture (as, for example, by crystallogra NMR
spectroscopy or any otheM‘é‘é‘Fﬁ]l‘?a'ﬂiaRHB tésél’ﬁgg%&ogitﬁlgg% il rle¥l ﬁ%‘;’@%ﬁ lélggl?& e P no
post-transcriptionabmogificationstiandi/oscpasyita prdecpatixplets dnd pdiifidual afifwdiginfof such
protein scaffolds can he, but is npt limited to_ the structures.sel 1 fibronegiin.andich
preferentially fibro?l%l‘h%t ?/Ibérﬁ I &r![ﬁ%%{nefﬁ?qu%éé‘li%% ﬁ(szaiﬁs#% &%@%’%%QJ&BI%QCWIOL, 2'0011
74(4):257-75), proteirbZ faristhip fremrcid praipp 2B . dhprdtei v adt Saphyisstensbadrepsistitid?édoxin
A or proteins with 2 tepgated Mol Ayeh a5 40 RRKUIE LARERLo(5allaL akiRNNAS8003xpl 400, No

4, 1700- 1705), the "armadillo repeat”, the "letcine-rich repeat” and the "tetratricopeptide repeat”.

Scaffolds derived IdmidoximsasaekeamtiohesaniBld aesiisict oricoipibhsmebirrsciedmadte, Mollusks,

etc., and the prot%wmﬁ%ﬂwg,ﬁm@mﬂw@@ﬁ (BINDslekid alsa berentisieade e
2010/037831PCT/EP20091062787 2 ri

—An example, in no way limiting, .of such hyb dg
constructions, is tﬁ@fiﬁﬁbﬁ@%ﬂ?@ﬁi@ﬁbﬁ‘i}’(ﬁ%ﬁ@nﬁiﬁf?ﬁfﬁlrlyéﬁﬁffﬁtﬁrgﬁﬁslgggf%'grﬁ W’ﬁ§§8.2, in
one of the loops inthe RiNsthedewkisding arairia, thns obtaitednpresentingriheypanddninding!
properties as the original antibody (Bes et at, Bipchem. Bjophys. Res, Cammun., 2006, 5..343(1),
334-344). On a pu?@%bﬂﬂii%%r%@%th@@? iﬁ@‘gﬁéeg%ﬁ?ﬁg%%gﬁc%%%nﬁ e |-?)9§o%%/nm](§1VHH
antibody on one ottherdeopstpf frepoarkino s ot (MicaisesitatdPy otdin! cipredy200ide various

13(7):1882-1891) ggt?bia)l 1gsbdelr£2teer&tg)g%1en%{ various determinants, or epitopes, each monoclonal antibody

is directed against a single epitope of the antigen.



Lastly, as described above, such peptide scaffolds can comprise from one to six CDRSs arising from
the original antibody. Preferably, but not being a requirement, a 1 0 person skilled in the art will select

at least one GdRJIPMARe heavy chain, the latter being known to be primagilyresaopsible for the
specificity of the antibody. The selection of one or more relevant CDRs is obvious to a person skilled in

the art, who will then choose suitable known techniquef (Bes et at, FEBS letters 508, 2001, 67-74). A
specific aspect of the present invention relates to a me ﬁod for selecting a 15 compound derived from
an antibody according to the invention, said derived compound being capable of inhibiting in vitro

and/or in vivo the growth, of tumor cells ri]?% aid derived compound comprising a peptide, scaffold on
which is grafted at Ieastlilg)rrlneu %n‘%ﬁogﬁ?/mé% %’ﬁ%’ﬁg}; teFlﬁzeeH1 i %%1% %%?ﬁﬁ%%%‘%é‘%&f%%wﬁ&%t&psz a)
the placing in contattah foitro 66.a theynpomot! eben fosedheiranpepiidescafiatoh o:? Owhichaisdgsafted at
o oo SR L e-hieIRAIE AR TRE ARG WS SPlD Bbledo ALamanaInce”
conditions allowing these cells to grow; and b) selection of sali compg d it said compounools
capable of inhibitifitfiHeabsihseT thdJautiher eelisarry wanetelsheanterizeidsnsivellseiciasdebst one
grafted CDR is salggied among the following 25 CDRs: the CDR of sequence SEQ ID No. 1, 9, 40, 46
or a sequence with at least 80%,_ preferably 85%, 90%, 95% and 98% identity after optimal alignment

with sequence SEQ ID N pertisglan, accorfiagior: srefsgud feabstinam Nothe, ingeutiony the

sequence with at deabs80%r, BOpsatembiyBotadd 0¥ RSN ¢ 28%Hde ity allaroptimalgligpment
with sequence SEQ ID.No. % 0,47, WO 2010/03[1_%831PCT/EP2009/062787 30 _the CDR of

sequence SEQ IDNES%44 Eéé‘é%fh%%gf\ﬁi‘ﬂﬁ 3 RSP VORI Ib PS8 SRS sYaIRP 98 Y%
identity after optimeiti abignmenstSHith Eetivence GERQAD NessB dht; (the. GRR«faanencs EQ4D No. 4,
7,11, 42, 44,48 S n ith, at st 80%, preferab %, 90%, 95%. and 98% identity after
optimal alig?lpnentggv%h %%Lg%%%%:g gaéb %9@05%7&1818%’ él%'ggytﬁge&[’;éo %e%ﬁ%ﬁ%%%g ID No. 5,
12, 49 or a sequetsquonstts 8Ef@dbt H0%, presféralylit 888418696, 185%y ahel0 88t jotmntityaftestoptimal
alignment with S%Bﬁn&%éﬁ%&y%écb%%mﬂﬁn&%%a &Qatﬁhﬁ%a% i PEONREQ 1B N0 68 43, 45

or a sequence with at least 80%, preferably 85%, 90%, 95% entity after optima aﬁtgnment

with sequence SERSIOINGRR gvhpse s5quence Imessrighst 16%. preferrely fidece At G4Pkinclude
in step a) the plagifgtir, GRBEAGHIMAIH &%m@&g;@@mg@ﬁ apertigesgaffold on which is
grafted at least 15 two or three antibody CDRs. ~ According to an even more preferred mode of this
" method, the' Peptide scatfERF{E R AimemEiaetaftIEPefinding tromiratimoss seaclires

were mentioned alxiveicrived Qjansts heRRKaMPIes AR AR NQWdLHMHRSanth apwOtRey
structure 20known or obvioys%%og erson skilled in the art sfhtgul be ég)nsidtﬁ\rgd as being covered by
Y the Sre: ° feEEH9

the protection corferred by the Sregh At PRSHER SiRsifie.of therhEes REHHSHIRACRS fRtes to an
antibody, or its détisd. dohpolinstsDisfshationahiagmettiss Chataokipedsntnat she peptidesgcaffold

sl e Ao RS e e o v
20 In a preferred manner, the antibodies of the invention, or one of their derived
compounds or functional fragments, are characterized in that they comprise a light chain
comprising the following three CDRs, respectively CDR-L1, CDR-L2 and CDR-L3,
wherein:
- CDR-L1 comprises the sequence SEQ ID No. 1 or 9, or a sequence with at least 80%
25  identity after optimal alignment with sequence SEQ ID No. 1 or 9;
- CDR-L2 comprises the sequences SEQ ID No. 2 or 10, or a sequence with at least
© B0% identity after optimal alignment with sequence SEQ 1D No. 2 or 10; and
- CDR-L3 comprises the sequence SEQ ID No. 3, or a sequence with at least 80%
identity afier optimal alipnment with sequence SEQ ID No. 3.
30 According to a particular embodiment, antibodies, or one of their derived

compounds or functional fragments, are characterized in that they comprise a light chain




that can be modified by deletion and/or insertion without modifying stability properties. According to
a preferred embodiment, the antibody of the invention, or its derived compounds or functional
fragments, is_characterized in that said peptide scaffold is selected among.| rising from
fibronectin, p‘?’é?é?é?{??é’ﬁ??so fibronectin type 3 domain 10, lipocalin, antica %@g%@ﬁéﬁirising from
domain B of protein A of Staphylococcus aureus, thioredoxin A or proteins with a repeated motif such
as the "ankyrin repeat" (Kohl et al., PNAS, 2003, vol. 260, No. 4, 1700-1705), the 31 "amiadillo
repeat”, the "leucine-rich repeat" and the "tetratricopeptide repeat” or iii) protein inhibiters of neuronal
NO synthase (PIN).  Another aspect of the invention relates to the functional fragments of the

antibody describeqBBERS 516 5rRB5a i O iHKR SR ertontgett A drnBotty 05 is aHRSGE

compounds or fusgiipIRNsaYBRte chracteartkihthrleRDitmetnrrl fragment is selected among
the fragments Fv, Fab, (Fab")2, Fab', scFv, scFv:Fc %%d éiiabodie , or,any fra%me whase hglf-life has
e B aRESae R

been increased such a SRR TS ET 1P AAodRts Br e AtiBo S RS ording to
the invention consistptandOoefamieslof-sthadrag are ntnrfavicscEy ifstrsitipleahpin), Faghtlfabl)2, Fab',

scFv-Fc or diabodies, or. any fragment whose half-life ingreasedby,chemjcal modification,
such as the e%dit?gﬁn %?%%éﬁggr?:ﬂglﬁy%o{%usc uaeél%eo ye ye%r?g‘g%% F&%y%ﬁon& (é%]&/ é&ced

fragments are ref@ieddVas!P\REG, SBRvLIRBGhE sistREG, FHATIBAPREG and Fab'-PEG), or by
incorporation in a liposqipe, 'Biﬁ'ff&ﬁ edOr Rklofed B PNk MAYMERES RESsESIAGRLIeasipe of the

characteristic CDRs of the invention which is notably capable of exerting in a general manner activity,

even partial, of theomRaEBRiNOr SHashARah fragmens. are shararipipeddit fu dish APHREHTe A tRSHIY

comprise or incluge, BaridsaReaGe AftbeNariRbiehravyr aidighicheadn S dheansidady fagn which
they are derived, said 20 partial sequence being sufficient to retain the (?{a;n?%)?ind'n specificity as the
&

antibody frohd whitH4{eae AFRFERRR e AN S dPeREFIBRP AL Tadbt X f ,%@Fé“btﬁéferably
at least 1/10 of that@fthenaniihahyefromtwkighticasiSES) ID NoSutisadfdnctional fragment will contain at

least five amino acids, preferably 6, 7, 8, 10, 15 0 or 100 consecutive aming.acids pf.th
sequence of the antibo ?%%O%S%W%ﬁah}%r%%gs%%%o%%f&%a%‘ﬁ/,1 LR idha c?r%‘gc%ﬁealf’)?f}s,v\‘?V|II be of
the types Fv, scFupimhmBlal'2nFiahl), feEwditsprdiabadigs;ingtich gendhajhchawpeithe saave binding
specificity as the gntibody from which they result, rding to:t Rt inveption, fI: q??,ts of the
antibody of the in‘\%@.\arlftllc();(r)lallc%fﬁS %%Véhg%gég Bm ﬁ?eég)r%bg%%%%‘é}%s%ﬁg%?ﬁé\% by 30 m%et ods such as
enzyme digéStiorfiiaethelisig: pepsin or papain, and/or by cleavage of the disulfide bridges by chemical

reduction. The antippgyiagiRERIR Cald Qs‘qoaéaec%@jﬁsdmysra?mbmw geugtishiachniguesalso

known to a person skilled in the art or 32 by peptide synthesis bby means, for example, of automatic

peptide synthesiZ&% ddpenitiadivs setunid HiemptioiBisoystemt e Nosdr hsrkl clarity, table 2

below summarizesithg asieks M0 nacisseaMe as torresPansing tethaaninedy ok thedayention.
WO 2010/037831PCT/EP2009/062787 33 Table 2 (wherein My, = murine and gha,nfi chimeric)

Antibody CDR nutBeidag Hedl) erimet aRTRsainvdEtsapsige EQ ID No. S or 12;
20 - CDR-H3 comprises the sequences SEQ ID No. 6 or 8, or a sequence with at least 80%

identity afier optimal alignment with sequence SEQ ID No. 6 or 8.

According to a particular embodiment, antibodies, or one of their derived
compounds or functional fragments, are characterized in that they comprise a heavy
chain comprising the CDR-H1 of the sequence SEQ ID No. 7, the CDR-H2 of the

25 sequence SEQ ID No. 5 and the CDR-H3 of the sequence SEQ ID No. 8.

According to another particular embodiment, antibodies, or one of their derived
compounds or functional fragments, are characterized in that they comprise a heavy
chain comprising the CDR-H1 of the sequence SEQ ID No. 11, the CDR-H2 of the
sequence SEQ ID No. 12 and the CDR-H3 of the sequence SEQ ID No. 6.

30 More particularly, according to a preferred embodiment of the invention, the
antibody, or its derived compounds or functional fragments, is characterized in that it

comprises a light chain comprising at least one CDR chosen among the CDRs of amino
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acid sequences SEQ ID Nos. 40, 2 or 41 or at least one CDR whose sequence has at
least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequences SEQ ID No. 40, 2 or 41; or it comprises a heavy chain comprising at least
one CDR chosen among the CDRs of amino acid sequences SEQ 1D Nos. 42, 5 or 43,
or at least one CDR whose sequence has at least 80%, preferably 85%, 90%, 95% and
98% identity afier optimal alignment with sequences SEQ ID Nos. 42, 5 or 43.

According to another embodiment, the antibodies of the invention, or one of
their derived compounds or functional fragments, are characterized in that they
comptise a light chain comprising at least one of the three CDRs of the sequences SEQ
ID Nos. 40, 2 or 41, or at least one sequence with at least 80%, preferably 85%, 90%,
95% and 98% identity after optimal alignment with sequences SEQ ID Nos. 40, 2 or 41,

In a preferred manner, the antibodies of the invention, or one of their derived
compounds or functional fragments, are characterized in that they comprise a light chain
comprising the following three CDRs, respectively CDR-L1, CDR-L2 and CDR-L3,
wherein:

- CDR-LI comprises the sequence SEQ ID No. 40 or 46, or a sequence with at least
80% identity after optimal alignment with sequence SEQ ID No. 40 or 46,

- CDR-1.2 comprises the sequences SEQ ID No. 2 or 47, or a sequence with at least
80% identity after optimal alignment with sequence SEQ ID No. 2 or 47, and

- CDR-L3 comprises the sequence SEQ ID No. 4  or a sequence with at least 80%
identity after optimal alignment with sequence SEQ 1.3 No 41,

According to a particular embodiment, antibodies, or one of their derived
compounds or functional fragments, are characterized in that they comprise a light chain
comprising the CDR-L1 of the sequence SEQ ID No. 40, the CDR-L2 of the sequence
SEQ ID No. 2 and the CDR-L3 of the sequence SEQ 1D No. 41.

According to another particular embodiment, antibodies, or one of their derived
compounds or functional fragments, are characterized in that they comprise a hight chain
comprising the CDR-L1 of the sequence SEQ ID No. 46, the CDR-L2 of the sequence
SEQ ID No. 47 and the CDR-L3 of the sequence SEQ ID No. 41.

More particularly, the antibodies of the invention, or one of their derived
compounds or functional fragments, are characterized in that they comprise a heavy

chain comprising at least one of the three CDRs of the sequences SEQ ID Nos. 42, 5 or
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43, or at least one sequence with at least 80%, preferably 85%, 90%, 93% and 98%
identity after optimal alignment with sequences SEQ ID Nos. 42, 5 or 43.

Even more preferably, the antibodies of the invention, or one of their derived
compounds or functional fragments, are characterized in that they comprise a heavy
chain comprising the foliowing three CDRs, respectively CDR-H1, CDR-H2 and CDR-
H3, wherein:

- CDR-HI comprises the sequence SEQ ID Nos. 42, 44 or 48, or & sequence with at
least 80% identity after optimal alignment with sequence SEQ ID Nos. 42, 44 or 48;

- CDR-H2 comprises the sequences SEQ ID No. 5 or 49, or a sequence with at least
80% identity after optimal alignment with sequence SEQ ID No. 5 or 49; and

- CDR-H3 comprises the sequences SEQ ID No. 45 or 43, or a sequence with at least
80% identity after optimal alignment with sequence SEQ ID No. 45 or 43.

According to a particular embodiment, antibodies, or one of their derived
compounds or functional fragments, are characterized in that they comprise a heavy
chain comprising the CDR-H1 of the sequence SEQ ID No. 44, the CDR-H2 of the
sequence SEQ ID No. 5 and the CDR-H3? of the sequence SEQ ID No. 45,

According to another particular embodiment, antibodies, or one of their derived
compounds or fimctional fragments, are characterized in that they comprise a heavy
chain comprising the CDR-H1 of the sequence SEQ ID No. 48, the CDR-H2 of the
sequence SEQ ID No. 49 and the CDR-H3 of the sequence SEQ ID No. 43.

In the present description, the terms “polypeptides”, “polypeptide sequences”,
“peptides” and “proteins attached to antibody compounds or to their sequences” are
interchangeabie.

It must be understood here that the invention does not relate to antibodies in
natural form, ie., they are not taken from their natural environment but are isolated or
obtained by purification from natural sources or obtained by genetic recombination or
chemical synthesis and thus they can carry unpatural amino acids as will be described
below,

In a first embodiment, complementarity-determining region, or CDR, means the
hypervariable regions of the heavy and light chains of immunoglobulins as defined by
Kabat et al. (Kabat ef al., Sequences of proteins of immunological interest, s®Ed., U.S.
Department of Health and Human Services, NIH, 1991, and later editions). There are
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three heavy—ch'ain CDRs and three light-chain CDRs. Here, the terms “CDR” and
“CDRs™ are used to indicate, depending on the case, one or more, Or even all, of the
regions containing the majority of the amino acid residues responsible for the
antibody’s binding affinity for the antigen or epitope it recognizes.

In a second embodiment, by CDR regions or CDR(s), it is intended to indicate
the hypervariable tegions of the heavy and light chains of the immunoglobulins as
defined by IMGT.

The IMGT unique numbering has been defined to compare the variable domains
whatever the antigen receptor, the chain type, or the species [Lefranc M.-P.,
Immunology Today 18, 509 (1997) / Lefranc M.-P., The Immunologist, 7, 132-136
(1999) / Lefranc, M.-P., Pommié, C., Ruiz, M., Giudicelli, V., Foulquier, E., Truong, L.,
Thouvenin-Contet, V. and Lefranc, Dev, Comp. Immunol, 27, 55-77 (2003)]. In the
IMGT unique numbering, the conserved amino acids always have the same position, for
instance cystein 23 (1st-CYS), tryptophan 41 (CONSERVED-TRP), hydrophobic
amino acid 89, cystein 104 (2nd-CYS), phenylalanine or tryptophan 118 (J-PHE or J-
TRP). The IMGT unique numbering provides a standardized delimitation of the
framework regions (FR1-IMGT': positions 1 to 26, FR2-IMGT: 39 to 35, FR3-IMGT:
66 to 104 and FR4-IMGT: 118 to 128) and of the complementarity determining regions:
CDRI1-IMGT: 27 to 38, CDR2-IMGT: 56 to 65 and CDR3-IMGT: 105 to 117. As gaps
represent unoccupied positions, the CDR-IMGT lengths (shown between brackets and
separated by dots, e.g. [8.8.13]) become crucial information. The IMGT unique
numbering is used in 2D graphical representations, designated as IMGT Colliers de
Perles [Ruiz, M. and Lefranc, M.-P., Immunogenetics, 53, 857-883 (2002) / Kaas, Q.
and Lefranc, M.-P., Current Bioinformatics, 2, 21-30 (2007)], and in 3D structures in
IMGT/3Dstructure-DB [Kaas, Q., Ruiz, M. and Lefranc, M.-P., T cell receptor and
MHC structural data. Nucl. Acids. Res., 32, D208-D210 (2004)]. '

Three heavy chain CDRs and 3 light chain CDRs exist. The term CDR or CDRs
is used here in order to indicate, according to the case, one of these regions or several,
or even the whole, of these regions which contain the majority of the amino acid
residues responsible for the binding by affinity of the antibody for the antigen or the

epitope which it recognizes.
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For more clarity, it must be understood that in the following description, and
more particularly in tables 2 and 3, the CDRs will be defined by IMGT numbering,
Kabat numbering and by common numbering.

Common numbering regroups the residues part of each CDR which are common

5  tothe CDRs as defined by the IMGT and the Kabat numbering systems.

IMGT numbering system defines the CDRs according to the IMGT system as
above defined whereas Kabat numbering system defines the CDRs according to the
Kabat system as above defined.

More particularly, CDR-L1 consists of SEQ ID No. 1 (QSLYNSRTRKNY) in

10 the common and IMGT numbering systems and of SEQ ID No. 9
(KSSQSLYNSRTRKNYLA) in the Kabat numbering system.

Concerning the CDR-L2, it consists of SEQ ID No. 2 (WAS) in the common
and IMGT numbering systems and of SEQ ID No. 10 (WASTRES) in the Kabat
numbering system,

15 The CDR-L3 consists of SEQ ID No. 3 (KQSYNLRT) for each of the three
numbering systems.

For the heavy chain, the CDR-H1 consists of the SEQ ID No. 4 (TDYY) in the
cominoen numbering system, of SEQ ID No. 7 (GFTFTDYY) in the IMGT numbering
system and of SEQ ID No. 11 (TDYYMS) in the kabat numbering system.

20 The CDR-H?2 consists of SEQ ID No. 5 (IRNKANGYTT) in the common and
IMGT numbering systems and of SEQ ID No. 12 (FIRNKANGYTTEYSASVKG) in
the kabat numbering system.

At last, the CDR-H3 consists in the SEQ ID No. 6 (DIPGFAY) in the common
and kabat numbering systems whereas it consists of SEQ ID No. 8 (ARDIPGFAY) in

25  the IMGT numbering system.

More particularly, CDR-L! consists of SEQ ID No. 40 (QSLFNSRTRKNY) in
the common and IMGT numbering systems and of SEQ ID No. 46
(KSSQSLFNSRTRKNYLA) in the Kabat numbering system.

Concerning the CDR-L2, it consists of SEQ ID No. 2 (WAS) in the common

30  and IMGT numbering systems and of SEQ ID No. 47 (WASARDS) in the Kabat

numbering system.
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The CDR-L3 consists of SEQ ID No. 41 (MQSFNLRT) for each of the three
numbering systems.

For the heavy chain, the CDR-H1 consists of the SEQ ID No., 42 (DNY) in the
common numbering system, of SEQ ID No. 44 (GFTFTDNY) in the IMGT numbering
system and of SEQ ID No. 48 (DNYMS) in the kabat numbering system.

The CDR-H2 consists of SEQ ID No. 5 (IRNKANGYTT) in the common and
IMGT numbering systems and of SEQ ID No. 49 (FIRNKANGYTTDYSASVRG]) in
the kabat numbering system.

At last, the CDR-H3 consists in the SEQ ID No. 43 (DVGSNYFDY) in the
common and kabat numbering systems whereas it consists of SEQ ID No. 45
(ARDVGSNYFDY) in the IMGT numbering system. |

In the sense of the present invention, the “percentage identity” between two
sequences of nucleic acids or amino acids means the percentage of identical nucleotides
or amino acid residues between the two sequences to be compared, obtained after
optimal alignment, this percentage being purely statistical and the differences between
the two sequences being distributed randomly along their iength. The comparison of
two nucleic acid or amino acid sequences is traditionally carried out by comparing the
sequences after having optimally alipned them, said comparison being able to be
conducted by segment or by using an “alignment window”. Optimal alignment of the
sequences for comparison can be carried out, in addition to comparison by hand, by
means of the local homology algorithm of Smith and Waterman (1981) [Ad. App. Math.
2:4821, by means of the local homology algorithm of Neddleman and Wunsch (1970} [I.
Mol. Biol. 48:443), by means of the similarity search method of Pearson and Lipman
(1988) {Proc. Natl. Acad. Sci. USA 85:2444] or by means of computer software using
these algorithms (GAP, BESTFIT, FASTA and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science Dr., Madison, W1, or by the
comparison software BLAST NR or BLAST P).

The percentage identity between two nucleic acid or amino acid sequences is
determined by comparing the two optimally-aligned sequences in which the nucleic acid
or amino acid sequence to compare can have additions or deletions compared to the
reference sequence for optimal alignment between the two sequences. Percentage

identity is calculated by determining the number of positions at which the amino acid
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nucleotide or residue is identical between the two sequences, preferably between the
two complete sequences, dividing the number of identical positions by the total number
of positions in the alignment window and multiplying the result by 100 to obtain the
percentage identity between the two sequences.

For example, the BLAST program, “BLAST 2 sequences” (Tatusova et al.,
“Blast 2 sequences - a new tool for comparing protein and nucleotide sequences”,
FEMS Microbiol, 1999, [Lett. 174:247-250) available on the site
ﬁttp://www.ncbi.nhn.nih.gov/gorf/b[Z.htmi, can be used with the default parameters
{notably for the parameters “open gap penalty”: 5, and “extension gap penalty”: 2; the
selected matrix being for example the “BLOSUM 62” matrix proposed by the program);
the percentage identity between the two sequences to compare is calculated directly by
the prograrm.

For the amino acid sequence exhibiting at least 80%, preferably 85%, 90%, 95%
and 98% identity with a reference amino acid sequence, preferred examples include
those containing the reference sequence, certain modifications, notably a deletion,
addition or substitution of at least one amino acid, truncation or extension. In the case of
substitution of one or more consecutive or non-consecutive amino acids, substitutions
are preferred in which the substituted amino acids are replaced by “equivalent” amino
acids. Here, the expression “equivalent amino acids” is meant to indicate any amino
acids likely to be substituted for one of the structural amino acids without however
modifying the biological activities of the corresponding antibodies and of those specific
examples defined below.

Equivalent amino acids can be determined either on their structural homology
with the amino acids for which they are substituted or on the results of comparative tests
of biological activity between the various antibodies likely to be generated.

As a non-limiting example, table 1 below summarizes the possible substitutions
likely to be carried out without resulting in a significant modification of the biological
activity of the corresponding modified antibody; inverse substitutions are naturally

possible under the same conditions.
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Table 1
Original residue Substitution(s)
Ala (A) Val, Gly, Pro
Arg (R) Lys, His
Asn (N) Gln
Asp (D) Glu
Cys (C) Ser
Gin () Asn
Glu (G) Asp
Gly (G) Ala
His (H) Arg
He (D) Leu
Leu (L) Ile, Val, Met
Lys (K) Arg
Met (M) Leu
Phe (F) Tyr
Pro (P) Ala
Ser (8) Thr, Cys
Thr (T) Ser
Trp (W) Tyr
Tyr (Y) Phe, Trp
Val (V) Leu, Ala

It is known by those skilled in the art that in the current state of the art the

5 greatest variability (length and composition) between the six CDRs is found at the three

heavy-chain CDRs and, more particularly, at CDR-H3 of this heavy chain.

Consequently, it will be evident that the preferred characteristic CDRs of the antibodies

of the invention, or of one of their derived compounds or functionsl fragments, will be

the three CDRs of the heavy chain, ie., for the 414H5 the CDRs coded by sequences

10 SEQ ID Nos, 7, 5, 8 and 11, 12, 6, respectively defined according to IMGT and Kabat

and, for the 515H7, the CDRs coded by sequences SEQ ID Nos. 44, 5, 45 and 48, 49,

43, respectively defined according to IMGT and Kabat. Even more preferentially, the

CDR. corresponding to the CDR-H3 coded by sequence SEQ ID No. 8 or 6 for the
414HS5 and 45 or 43 for the 515H7.

15 In a specific embodiment, the present invention relates to a murine antibody, or

derived compounds or functional fragments of same,



Ch. variable domain 67 34 Another specific aspect of the present invention relates to a chimeric
antibody, or its derived compounds or functional fragments, characterized in that said antibody also
comprises light-chain and heavy-chain constant regions derived from an antibody of a species
heterologous VP& RS use, notably man. 5Yet another specific aspect BETHEEHEHATHivention
relates to a humanized antibody, or its derived compounds or functional fragments, characterized in
that the constant regions of the light-chain and the hea¥3/-chain derived from human antibody are,
respectively, the lambda or kappa region and the gamma-1, gamma-2 or gamma-4 region. 1
OAccording to another aspect, the invention relates to a murine hybridoma capable of secreting a
monoclonal antibody act8fdit terhedimeringbrihndrabhyitne histipktsnan eftihedsie arign ditededith the
French collection g Raigt, | I rnsti IS, : tober 22,
2007, under number %38%%59%?3{%3?&%%4%59%@%?&{%%fggs%r?&o?%ﬁé%ﬁrgn%%% .mice
splenocytes and i@&%@gﬁhe myeloma Sp 210-Ag 14 lines. The monoclonal antibody, here

referred to as 414EER 01 itsf deyvedepRONES 06 funstimatdraanne Risn chacagtesze disrthatysaid
antibody is sgcreli%j g?q filad with the CNCM on October 22, 2007, under number

RGBT R T e

1-3860 obviously torrs par e
relates to a murin@DBAisideitiz capaile: G dfeting 2 smonaciapahantibndy 2ecording fe:tarrvention,
notably the hybri%maﬁwy%o [ 'gofil d with the French collection.for microorgani ultures
(CNCM, Pasteur Insfi'tute,’Pari%,rlg{%]({ey%rﬁ%ﬁéeé p éli%%all% e‘%“ﬁﬁ%%%?%ﬁﬁi&@@?ﬂ%%oma
was obtained by ##€ fusion of Balb/C immunized mice splenocytes and cells 25 of the myeloma Sp

210-Ag 14 ines. cofys Beredopahaniieiiieses sleicio aaalotd L hlegiervsd cogpounds or

functional fra ments characterized moth_at said antibody is secreted by the hybridon h the
CNCM on Jthhe 28 0o uiide pid A ideniing oftsw vifirsn) sbigmasni v ik seaysressRG R AioR, 30The
antibody of the injgntion also comprises chimeric or humanized antibodies. A chimeric antibody is
one containing a natural yariable regioné:ﬁii chain and heavy chain) derived from an antibody of a
given species in 30%%’%8 WRIPEORSt W@i‘b@éf‘@:&fPCTlEPZOOQIO&?S? 35 regions of the
light chain and th€DbiaVy ehainsed emantibQAYALa apacies kejesnlegous 1018t DV R SRIGISS.

The antibodies, JagT=Ydl m of same, can be prepared by using the technigues of
recombinant ger?é?ﬁ:}%g?oofcgg%?na%i%%@%ﬁ{ﬁ?gﬁg %l%&%&f %%1%’5%’%}3%@8& A 4
recombinaritDNABBatEnifitha smwcteFBAdR deqlemed eadingfor thchalliabtes tegiprafsbRonhuman
monoclonal antibogly efytheqgiayenti onoiaht Hgiln and a.seduence coding for n.antibody
constant region. A cRimeric anotibtgi?{/k accog}%lfyr‘?gz11 to tﬁ% ﬁvceir%%ﬂgé%gggg%f %%egn gﬁc#?étgjgm insant gene
could be, for exaﬁﬁlﬁle, a mouse-human chimera, the specificity of this antibody being determined by

10 the variable reaisadstest iaudlie Bip R/ 3 its lsqupe dnemined B pnsiant region
derived from human DNA. Refer to Verhoeyn et al. (BioEssays, 8:74, 1988) for methdds for reparing

chimeric antibodit®’® 0% AnGdHet Hspdeenine $8oeAntmal elgnpestanitrisaBeRr oTRIE Meds.

compound 2¢ functionakfiagmanéobsesienwhich genskiaorElimeianikRdy 15/n anartisular
preferred embodiment, the ch'metrjc aﬂt{'fod , or z% derived compound or functional fragment of same,
A USTh Ence

O CHMPrSHRP I &N MR LR FISHREE BE D No.

of the invention COMPIISEs
64, and in that it tolmphigehrach@dRy:chain sequence comprising the amino acid sequence SEQ ID No.

65. In another prefefjgd ¢mpgdiment thes‘iﬂé ric. antibody, or a derived com our]g)éo. or functional
fragment of same, of?%weﬁln%e%ﬁgﬁqgg?ﬁﬁnse n%ﬁigﬁﬁ'%%no};gqsﬁ Ir’i%%c%c‘)vrﬁtgr%i I &t id
sequence SEQ |BiRI®PpE61ah Adgrmbrit iitoseprises SRGEYWohain sequence comprising the amino acid
sequence SEQ IDAR83-of e WBESERNBILS (peansal alipody halLouansdEiR regions
derived from an antibody of nonhuman origin, the other parts ot the antibody molecule being

after optimal alignment with sequence SEQ ID No. 2; and

- CDR-L3 of the sequence SEQ ID No. 3 or of a sequence with at least 80% identity

afler optimal alignment with sequence SEQ ID No. 3, and

a heavy chain comprising the following three CDRs:

30 - CDR-HI of the sequence SEQ ID No. 7 or of a sequence with at least 80% identity

after optimal alignment with sequence SEQ 1D No. 7;



25 derived from one (or several) human antibodies. In addition, some of the skeleton segment
residues (called FR) can be modified to preserve binding affinity (Jones et al., Nature, 321:522-525,
1986; Verhoeyen et at, Science, 239:1534-1536, 1988; Riechmann et at, Nature, 332:323-327, 1988).
The humaniZ&@ ah8N8#RaS of the invention or fragments of same can be BrefEP2EIB02Dg7techniques
known to a person skilled in the art (such as, for example, those described in the documents Singer et
at, J. Immun., 150:2844-2857, 1992; Mountain et at, Biptechnol. Genet. Eng. Rev., 10:1-142, 1992;
and Bebbington et at, Bio/Technology, 36 10:169-175, 1992). Such humanized antibodies are
preferred for their use in methods involving in vitro diagnoses or preventive and/or therapeutic
treatment in vivo. -CiR&-HAmbthzatiqretect B QUES Nds6 knoWn eqadpesseniskillieskirstiie fiatsych as,
for example, the " rafting” techni describeél}:ﬁ/(gﬁé in patents EP 0 451 261, EP 0 682 040, 5
EP 0939 127, EP%%%%&%%%%%%@%?%% 180, %;%§@585,089 and US 5,693,761. US
patents 5,639,641 60K 054 gfdie B:agent6 2EQAJ B, 57 PoBaamsaipove witddat leagh 8ddlitizntithe
invention also relaigs @M@g%%&%%ﬁﬁ&@é@@drm%murine antibodies described above.

h

10In a preferred manner, constant regions of the I;g?t_-chair] and the heavy-chain derived from human
antibody are,@espective%%lkﬁéqgﬁb‘aébﬁfi@%éﬁ tH Gdiefndistlogemem agindyaningadariegion.

In the embodimenbagiesPeRdingdenaGhisalvperatle, abmdaiionalicharacifisinghihe antibody is
to exhibit effector L%ctlons sug% s antibody- 15dependant cellular cytotoxicity (ADCC) and/or
complement-dep A a}ﬁ’flg)%% ' %/“(CDC). A novel aspect of the present invention relates to an

isolated nucleic acidbidracitized jnethvet $HQ Jelacied ameing shpidabowing Auskeicsesidadimeiuding
any degenerate ] e). 20- a nucleic acid NA, coding for an antibody, or for a
derived compou%ﬁ??ﬁﬁrc%%%é F%egnr%‘gh SF %er%?%ﬂc@oﬂéiﬁ % the invention; - a nucleic acid
complemeritdry to &PRdldiofibic agwefinSEM B);No. 10 amidaiejacidofvithleabhiBioucidetites

capable of Pybridiiagondier fiehhsnaenlcandians wihahigagone of the CDRs of nuclelc acid
sequences SEQ ID 25" Nos. 15to 26 or SE(% ID Nos. 52 to 61or'a sequence with at least 80%,

preferably 85%, 9090059 ofrilconumsaeh i afer dptine ofigrivmarwitidesuisaseddBECEIDNOS. 15
to 26 or SEQ ID Nes: aifabdi gcknidwindeieaeiddi@itergt 8,pycleotides capable of hybridizing

under highly stringent conditions with at Jeast the light chain of nucleic acid sequence SEQ ID No. 30
27 or SEQ ID No? 89%%Y &1 termEses the #0lknans hieeid2B chain of nucleic acid sequence SEQ ID

No. 28 or SEQ 1D NBREA Do SEEsRuMR: BFQr T1106.3 $REWERGRWith-atiaasi80%. seferahin85%.
g(é)/o, 95% and 9%0 %gggggig@éjgjg%%ha;%me%ﬁl&g 37 se I;Jences SEQ ID Nos. 27 and/or 28 or
Q ID Nos. 62 AndISPBEDF SEBIfE/0FBIBMEED D Nos. 70 and/or 71. Table 3
below summarizesthe ¥ iolithaveleaticeSSQ librivesiConcef nisgtiacantiody ledgheovviaetion. WO
2010/037831PC TP E00RGR LR 3B with sequence SEQ ID No. 12; and
- CDR-H3 of the sequence SEQ ID No. 6 or of a sequence with at least 80% identity
20 afler optimal alignment with sequence SEQ ID No. 6.
An antibody, or a derived compound or functional fragment of same, according
to the invention is characterized in that it comprises:
- a light chain comprising the CDR-L1 of the sequence SEQ ID No. 1, the
CDR-L2 of the sequence SEQ ID No. 2 and the CDR-L3 of the sequence SEQ ID No.
25 3, and
- a heavy chain comprising the CDR-HI of the sequence SEQ ID No. 7, the
CDR-H2 of the sequence SEQ ID No. 5 and the CDR-H3 of the sequence SEQ 1D No.
8.
In another embodiment, an antibody, or a derived compound or functional

30 fragment of same, according to the invention is characterized in that it comprises:
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- a light chain comprising the CDR-L1 of the sequence SEQ ID No. 9, the
CDR-L2 of the sequence SEQ ID No. 10 and the CDR-L3 of the sequence SEQ ID No.
3 and

- a heavy chain comprising the CDR-H1 of the sequence SEQ ID No. 11, the
5 CDR-H2 of the sequence SEQ ID No. 12 and the CDR-H3 of the sequence SEQ ID No.
6.

According to still another embodiment, the antibody of the invention, or its
derived compounds or functional fragments, is characterized in that it comprises a light-
chain sequence comprising the amino acid sequence SEQ ID No. 13 or a sequence with

10  at least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 13; and in that it comprises a heavy-chain sequence comprising
the amino acid sequence SEQ ID No. 14 or a sequence with at least 80%, preferably
85%, 90%, 95% and 98% identity afler optimal alignment with sequence SEQ ID
No. 14.

15 Another embodiment of the invention discloses an antibody, or its derived
compounds or functional fragments, comprising a light chain comprising the following
three CDRs:

CDR-L1 of the sequence SEQ ID No. 40 or of a sequence with at least 80%, preferably
85%, 90%, 95% and 98% identity afier optimal alignment with sequence SEQ ID No.

20 44
CDR-L2 of the sequence SEQ ID No. 2 or of a sequence with at least 80%, preferably
85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID No. 2;
and
CDR-L3 of the sequence SEQ 1D No. 41 or of a sequence with at Jeast 80%, preferably

25  85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
MNo. 41, and
a heavy chain comprising the following three CDRs:

CDR-HI of the sequence SEQ ID No. 42 or of a sequence with at least 80%, preferably
85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID
30 No. 42;
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CDR-H2 of the sequence SEQ ID No. 5 or of a sequence with at least 80%, preferably

85%, 90%, 95% and 98% identity after optimal alignment with sequence SEQ ID No. 5;

and

CDR-H3 of the sequence SEQ ID No. 43 or of a sequence with at least 80%, preferably
5 85%, 90%, 95% and 98% identity afier optimal alighment with sequence SEQ ID

No. 43,

Still another embodiment of the invention discloses an antibody, or a derived
compound or functional fragment of same, comprising a light chain comprising the
foliowing three CDRs:

10 - CDR-LI of the sequence SEQ ID No. 40 or of a sequence with at least 80% identity
afier optimal alignment with sequence SEQ ID No. 40;
- CDR-L2 of the sequence SEQ ID No. 2 or of a sequence with at least 80% identity
after optimal alignment with sequence SEQ ID No. 2; and
- CDR-L3 of the sequence SEQ ID No. 41 or of a sequence with at least 80% identity
15  after optimal alignment with sequence SEQ ID No. 41, and
a heavy chain comprising the following three CDRs:
- CDR-HI of the sequence SEQ ID No. 44 or of a sequence with at least 80% identity
after optimal alignment with sequence SEQ ID No. 44;
- CDR-H2 of the sequence SEQ ID No. 5 or of a sequence with at least 80% identity
20 after optimal alignment with sequence SEQ ID No. 5; and
- CDR-H3 of the sequence SEQ ID No. 45 or of a sequence with at least 80% identity
after optimal alignment with sequence SEQ ID No. 45.
Still another embodiment of the invention discloses an antibody, or a derived
compound or functional fragment of same, comprising a light chain comprising the
25  following three CDRs:
- CDR-L1 of the sequence SEQ ID No. 46 or of a sequence with at least 80% identity
after optimal alignment with sequence SEQ 1D No. 46;
- CDR-L.2 of the sequence SEQ ID No. 47 or of a sequence with at least 80% identity
after optimal alignment with sequence SEQ ID No. 47; and
30 - CDR-L3 of the sequence SEQ ID No. 41 or of a sequence with at least 80% identity
after optimal alignment with sequence SEQ ID No. 41, and
a heavy chain comprising the following three CDRs:
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- CDR-HI of the sequence SEQ ID No. 48 or of a sequence with at least 80% identity
after optimal alignment with sequence SEQ ID No. 48;

- CDR-H2 of the sequence SEQ ID No. 49 or of a sequence with at least 80% identity
after optimal alignment with sequence SEQ ID No. 49; and

- CDR-H3 of the sequence SEQ ID No. 43 or of a sequence with at least 80% identity
afier optimal alighment with sequence SEQ ID No. 43.

An antibody, or a derived compound or functional fragment of same, according
to the invention is characterized in that it comprises:

- a light chain comprising the CDR-L1 of the sequence SEQ ID No. 40, the
CDR-L2 of the sequence SEQ ID No. 2 and the CDR-L3 of the sequence SEQ ID
No. 41; and

- & heavy chain comprising the CDR-HI of the sequence SEQ ID No. 44, the
CDR-H2 of the sequence SEQ ID No. 5 and the CDR-H3 of the sequence SEQ ID
No. 45.

- In another embodiment, an antibody, or a derived compound or functional
fragment of same, according to the invention is characterized in that it comprises:

- a light chain comprising the CDR-L1 of the sequence SEQ ID No. 46, the
CDR-L2 of the sequence SEQ ID No. 47 and the CDR-L3 of the sequence SEQ ID
No. 41; and

- & heavy chain comprising the CDR-H1 of the sequence SEQ ID No. 48, the
CDR-H2 of the sequence SEQ ID No. 49 and the CDR-H3 of the sequence SEQ ID
No. 43.

According to still another embodiment, the antibody of the invention, or its
derived compounds or functional fragments, is characterized in that it comprises a light-
chain sequence comprising the amino acid sequence SEQ ID No. 50 or a sequence with
at least 80%, preferably 85%, 90%, 95% and 98% identity afier optimal alignment with
sequence SEQ ID No. 50; and in that it comprises a heavy-chain sequence comprising
the amino acid sequence SEQ ID No. 51 or a sequence with at least 80%, preferably
85%, 50%, 95% and 98% identity after optimal alignment with sequence SEQ ID
No. 51.

As seen above, the invention also relates to any compound derived from an

antibody as described in the invention.



26 CDR-H3 20 Mu. variable domain 27 Mu. variable domain 28 Ch. variable domain 68 Cit
variable domain 69 Common CDR-L1 52

WO 2010/037831 : PCT/EP2009/062787

28

‘More particularly, the antibody of the invention, or its derived compounds or
functional fragments, is characterized in that said derived compound consists of a
binding protein comprising a peptide scaffold on which is grafted at least one CDR in
such a way as to preserve all or part of the paratope recognition properties of the initial

5  antibody.

One or more sequences among the six CDR sequences described in the present
invention can also be present on the various immunoglobulin protein scaffolding. In this
case, the protein sequence makes it possible to recreate a peptide skeleton favorable fo
the folding of the grafted CDRs, enabling them to preserve their paratope antigen-

10  recognition propertics.

Generally, a personrskilled in the art knows how to determine the type of protein
scaffold on which to graft at least one of the CDRs arising from the original antibody.
More particularly, it is known that to be selected such scaffolds must meet the greatest
number of criteria as follows (Skerra A., J. Mol, Recogn., 2000, 13:167-187):

15 - good phylogenetic conservation;
- known three-dimensional structure (as, for example, by crystallography,
NMR spectroscopy or any other technique known to a person skilled in the
art);
- small size;
20 - few or no post-iranscriptional modifications; and/or

easy to produce, express and purify.

1

The origin of such protein scaffolds can be, but is not limited to, the structures
selected among: fibronectin and preferentially fibronectin type 111 domain 10, lipocalin,
anticalin (Skerra A., J. Biotechnol., 2001, 74(4):257~75), protein Z arising from domain

25 B of protein A of Staphylococcus aureus, thioredoxin A or proteins with 2 repeated
motif such as the “ankyrin repeat” (Kohl et al., PNAS, 2003, vol. 100, No. 4, 1700-
1705), the “armadillo repeat”, the “leucine-rich repeat” and the “tetratricopeptide
repeat”.

Scaffolds derived from toxins such as, for example, toxins from scorpions,

30  insects, plants, mollusks, etc., and the protein inhibiters of neuronal NO synthase (PIN)

should also be mentioned.
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An example, in no way limiting, of such hybrid constructions, is the insertion of
the CDR-H1 (heavy chain) of an antiCD4 antibody, namely 13B8.2, in one of the loops
in the PIN, the new binding protein thus obtained preserving the same binding
properties as the original antibody (Bes et 2/., Biochem. Biophys. Res. Commun., 2006,
343(1), 334-344). On a purely illustrative basts, grafting the CDR-H3 (heavy chain) of
an anti-lysozyme VHH antibody on one of the loops of neocarzinostatin (Nicaise et al.,
Protein Science, 2004, 13(7):1882-1891) can also be mentioned.

Lastly, as described above, such peptide scaffolds can comprise from one to six
CDRs arising from the original antibody. Preferably, but not being a requirement, a
person skilled in the art will select at least one CDR from the heavy chain, the latter
being known to be -primarily responsible for the specificity of the antibody. The
selection of one or more relevant CDRs is obvious to a person skilled in the art, who
will then choose suitable known techniques (Bes ef o/, FEBS letters 508, 2001, 67-74),

A specific aspect of the present invention relates to a method for selecting a
compound derived from an antibody according to the invention, said derived compound
being capable of inhibiting in vitro and/or in vivo the growth of tumor cells and said
derived compound comprising a peptide scaffold on which is grafted at least one
antibody CDR, characterized in that it comprises the following steps:

a) the placing in contact in vitro of a compound composed of a peptide scaffold on
which is grafted at least one antibody CDR with a biclogical sample containing tumor
cells able to grow and under conditions allowing these cells to grow; and
b} selection of said compound if said compound is capable of inhibiting the growth
of these tumor cells,
and characterized in that said at least one grafted CDR is selected among the following
CDRs:
- the CDR of sequence SEQ ID No. 1, 9, 40, 46 or a sequence with at Jeast
80%, preferably 85%, 90%, 95% and 98% identity afier optimal alignment
with sequence SEQ ID No. 1, 9, 40, 46;
- the CDR of sequence SEQ ID No. 2, 10, 47 or a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 2, 106, 47;



CDR-L216 CDR-L353 CDR-H1 56 CDR-H2 19 515H7 CDR-H3 57 Kabat

WO 2010/037831 PCT/EP200%/062787

10

15

20

25

30

30

- the CDR of sequence SEQ ID No. 3, 41 or a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No, 3, 41; .

- the CDR of sequence SEQ 1D No. 4, 7, 11, 42, 44, 48 or a sequence with at
least 80%, preferably 85%, 90%, 95% and 98% identity after optimal
alignment with sequence SEQ ID No. 4, 7, 11, 42, 44, 48;

- the CDR of sequence SEQ ID No. 5, 12, 49 or a sequence with at least 80%,
preferably 85%, 90%, 95% and 98% identity after optimal alignment with
sequence SEQ ID No. 5, 12, 49; and

- the CDR of sequence SEQ ID No. 6, &, 43, 45 or a sequence with at least
80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment
with sequence SEQ ID No. 6, 8, 43, 45.

According to a preferred mode, the method can include in step a) the placing in
contact in vitro of a compound comprising a peptide scaffold on which is grafted at least
two or three antibody CDRs.

According to an even more preferred mode of this method, the peptide scaffold
is selected among the scaffolds or binding proteins whose structures were mentioned
above.

Obviously, these examples are in no way limiting, and any other structure
known or obvious to a person skiiled in the art should be considered as being covered
by the protection conferred by the present patent application.

The present invention thus relates to an antibody, or its derived compounds or
functional fragments, characterized in that the peptide scaffold is selected among
proteins that are a) phylogenetically well preserved, b) of robust architecture, ¢) with a
well-known 3-D molecular organization, d) of small size and/or ) comprising regions
that can be modified by deletion and/or insertion without modifying stability properties.

According to a preferred embodiment, the antibody of the invention, or its
derived compounds or functional fragments, is characterized in that said peptide
scaffold is selected among i) scaffolds arising from fibronectin, preferentially
fibronectin type 3 domain 10, lipocalin, anticalin, protein Z arising from domain B of
protein A of Staphylococcus aureus, thioredoxin A or proteins with a repeated motif
such-as the “ankyrin repeat” (Kohl ez al., PNAS, 2003, vol. 100, No. 4, 1700-1705), the
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“armadillo repeat”, the “leucine-rich repeat” and the “tetratricopeptide repeat” or iii)
protein inhibiters of neuronal NO synthase (PIN).

Another aspect of the invention relates to the functional fragments of the
antibody described above.

More particularly, the invention targets an antibody, or its derived compounds or
functional fragments, characterized in that said functional fragment is selected among
the fragments Fv, Fab, (Fab’),, Fab’, scFv, scFv-Fc and diabodies, or any fragment
whose half-life has been increased such as PEGylated fragments.

Such functional fragments of the antibody according to the invention consist, for
example, of the fragments Fv, scFv (sc=simple chain), Fab, F(ab"),, Fab’, scFv-F¢ or
diabodies, or any fragment whose half-life has been increased by chemical
modification, such as the addition of polyalkylene glycol such as polyethylene glycol
(PEGylation) (PEGylated fragments are referred to as Fv-PEG, scFv-PEG, Fab-PEG,
F(ab’).-PEG and Fab’-PEG), or by incorporation in a liposome, microspheres or PLGA,
said fragments possessing at least one of the characteristic CDRs of the invention which
is notably capable of exerting in a general manner activity, even partial, of the antibody
from which it arises.

Preferably, said functional fragments will comprise or include a partial sequence
of the variable heavy or light chain of the antibody from which they are derived, said
partial sequence being sufficient to retain the same binding specificity as the antibody
from which it arises and sufficient affinity, preferably at least equal to 1/100, more
preferably at least 1/10 of that of the antibody from which it arises.

Such a functional fragment will contain at least five amino acids, preferably 6, 7,
8, 10, 15, 25, 50 or. 100 consecutive amino acids of the seqﬂencc of the antibody from
which it arises.

Preferably, these functional fragments will be of the types Fv, scFv, Fab, F(ab’),,
F(ab’), scFv-Fc or diabodies, which generally have the same binding specificity as the
antibody from which they result. According to the present invention, fragments of the
antibody of the invention can be obtained from the antibodies described above by
methods such as enzyme digestion, including pepsin or papain, and/or by cleavage of
the disulfide bridges by chemical reduction. The antibody fragments can be also

obtained by recombinant genetics techniques also known to a person skilled in the art or
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WO 2010/037831PCT/EP2009/062787 39 The terms "nucleic acid", "nucleic sequence”, "nucleic
acid sequence", "polynucleotide", "oligonucleotide", "polynucleotide sequence” and "nucleotide
sequence"”, e iM@ikdngeably in the present description, mean a precsa&@quisrice78f nucleotides,
modified or not, defining a fragment or a region of a nucleic acid, 5 containing unnatural nucleotides or
not, and being either a double-strand DNA, a single-strgnd DNA or transcription products of said
DNAs. It should also be included here that the present invention does not relate to nucleotide

sequences in their natural chromosomal environment, i.e., in a natural state. The sequences of the
present inventiontyawepti&esyishiaiebyameios, farikesnb e, sheydfanere-pamepladidiseetly wcingdirectly,
for example by a gopy. their epvironment having been at least partially modified. Isolated nucleic acids
obtained by recor%glgr%/asﬁ?(g{) néjﬁ Esle y ﬁrggasr%sr??b?%mmple, of host cells, or obtained by chemical
synthesis should also bEanhewiokédityetebliNUdeivrs egquencessexhiviting a erce atad) ecgientity of at
least 80%, prefer@&%éb%m?%fgg%algﬁféH?%g&g%Vgﬁ%wptimaI alignment with a preferred sequence”
means nucleic sequences exhibiting, with respect to the reference nucleic sequence, certain
modification®such as, in particular, a deletion, a truncation, an extension, a chimeric fusion and/or a
substitution, notably punctual. Preferably, these are sequences which code for the same amino acid
sequences as the reference sequence, this being related to 20 the degeneration of the genetic code,
or c,omplernentarity sequences that are likely to hybridize specifically with the reference sequences,
preferably under highly stringent conditions, notably those defined below. Hybridization under
highly stringent conditions means that conditions related to temperature and ionic strength are
selected in such a way that they allow hybridization 25 to be maintained between two complementarity
DNA fragments. On a purely illustrative basis, the highly stringent conditions of the hybridization step
for the purpose of defining the polynucleotide fragments described above are advantageously as
follows. DNA-DNA or DNA-RNA hybridization is carried out in two steps: (1) 30 prehybridization at 42C
for three hours in phosphate buffer (20 mM, pH 7.5) containing 5X SSC (IX SSC corresponds to a
solution of 0.15 M NaC1 + 0.015 M sodium citrate), 50% formamide, 7% sodium dodecy! sulfate
(SDS), 10X Denhardt's,



WO 2010/037831PCT/EP2009/062787 40 5% dextran sulfate and 1% salmon sperm DNA,; (2)
primary hybridization for 20 hours at a temperature depending on the length of the probe (i.e.: 42C for
a probe >100 nucleotides in length) followed by two 20-minute washings at 20C in 2X SSC + 2% SDS,
one 20-minufedaEETH: 20C in 0.1X SSC + 0.1% SDS. The last washiRgiEB2atamout in 0.1X
SSC + 0,1% SDS for 30 minutes at 60C for a probe >100 nucleotides in length. The highly stringent
hybridization conditions described above for a polynucigotide of defined size can be adapted by a
person skilled in the art for longer or shorter oligonucleotides, according to the procedures described in
Sambrook, a al. (Molecular cloning: a laboratory manual, Cold Spring Harbor Laboratory; 3rd edition,

102001).
invention.

Theliahedtiovhalsio Miatesitoise\wadtiChcoriprising a nucleic acid as described in the
The invention notably targets cloning and/or expression vectors that contain such a

nucleotide sequence. 15The vectors of the invention preferably contain elements which allow the
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WO 2010/037831PCTXP2009/062787 42 or by conventional synthesis in solution. Potypeptides
obtained by chemical synthesis and capable of containing corresponding unnatural amino acids are .
also comprised in the invention. The antibodies, or the derived compounds or functional
fragments of¥€8#HBY/83(fEly to be obtained by the method of the inventiorPERERRIXGRHSIised in the
present invention. According to still another aspect, the present invention relates to an antibody as
described above, characterized in that it is, in addition3gapable of specifically binding to a human
chemokine family receptor and/or capable of specifically inhibiting the 1 Osignaling of such a receptor.
According to a novel embodiment, the invention relates to an antibody, or its derived compounds or
functional fragments, cohsigtmmgmiciic aspinody thapisdoispecificion thésense itaiitdo mpiieds, a

second motif capaple of i ing.with any receptorimplicated.in the development.of tumors, such
as, for example, \%@@ﬁ%%%%%ﬁ% %fgﬁ@oﬁg? ﬁ?:%‘%?esuc ﬁl Ee{: 'Im @E&,S?Ie%rg%fr}}aorﬁ%s,
integrins, CXCR&{wtisermmnstigharelibiodynd e pebsineonsientiongions, dariyed fipanathartibpitppe),
CXCRT or CXCRg:4 spediBerisRESHR O funchonal aaigdigs.constitute a second generation of

monoclonal antibodies in which two different variable regions are combined in the same molecule

(Hollinger and Bohlen, 256 nehrcspesHirnmsrschfidheprossus iavanidnn Takees dou il perzed
dfefmonstfrateo_l in bﬂﬁbd&@miﬂﬁnﬁéldw;ﬂp@#ﬂ& @Qfﬁﬁﬂﬁ%gﬁlaﬂi{%ﬁ@&@%hﬁl?&@e@&%&oiﬁ?g&gﬁﬂéew ]
effector functions or to target sever olecules on. the surface of tumor cells; such antibqdies can be
obtained by cheﬁ?ﬁf%ﬁ%%ﬂ%s(egéﬁﬁﬁgﬁ#@ﬂ%ﬁ%% ,?fal‘ﬁﬁﬂtﬁ%lﬁf?@fizé@‘?-ﬁ%‘%? BERPEY et at,
1995, J. Hemat., 8%/=392)torsothatienbdihnds:pbiaeion ddahe Bevan M ghmhB85 of MAdnd 3
1453-1457; Sure;h 25 M.R. et al., 1986, Method Enzymol., 121:210-228) but also, preferentially, by

genetic engineenr?&“t)ebhniques that make it possible to force heterodimerization and thus facilitate the
purification ¥ the antibddyadught¢Monthandspeat, thooBvitaiomeBistech., 4 6167in6 8 hrifbese

bispecific antibodigs, 6angpe QSIS RSPl I REGI £ 21 3% ERNEE Gufliahogles o

bispecific scFv, but also as a tetravalent bispecific antibdody in which two binding sites are present for
each antigen targe{BHiepaRi stging ooginvidrd withihe FramiL ey liertisedoy vrisrreteagisiesitoesame as

described above ((NOVRHALIBTRILRE PER2PLHAE 28O ASber 2H) SEEHLIQRLS ARREANRIED,
advantage given that the production and administration of a bisgeufic antibody are cheaper than the

production of two elieRESHER SteebiRed Y SiestierpirpBel B RS AR ARG agH of
reducing thestreaislientsHoxiciwnadperiothg usaina bispecific antibody makes it possible to
5decrease the overall quantity of circulatil ntibodies and, con ntly, pqssible toxicity. Ina
preferred embodimentqci)-#’?nxélallﬁegffﬁ%ﬁl&,l %\%gg?s Eﬁ%%&?ﬁ%‘ﬁﬁﬁ%a@%ﬁ%@%ﬁ%%&%ﬂ? odly.
Lastly, the present fouemtioh ﬁe@mstsoditmamihg(ﬂmdhmﬂkédmﬂhm&ime&&dﬁhéemehmﬂuﬂds or
functional fragmefiis (A58 BREM 4 ociadtSINYBRLOM AR ICIRLES 1 A pIAIMAReptical composition
comprising as an active ingredient a compound consisting of ah antibo y of the 1RV ntion, B one of its
derived compouridshsmigprationedmiggments. Preferably, said antibody is supplemented by an excipient

and/or a phaymaceutically.acgeptad!galtiehshoct NelDVERHARASAURIAtES 10,36 RARIHA M,

characterized in that it comprises, in addition, as a combination product for use in a simultaneous,

separated or extSHIOY 1REHRSECIHIE dh BRI A Bt P oRdRE T i Sereiestaataljsitkt CXCRA4.
According to stillaneidienLonbadimestothei Riesantinveriion &aeHRIAtRs Iadhatinaseiticals

composition as described above that comprises at least a second 20 antitumor compound selected

among the comp cAPRBIE BFURCifiadhy FMERg fasyrosieskiindss BEnbay bFPdteptits such
as IGF-IR, EGFRybtkda@inets sMidediyGfeRustor bGBalbrianyniherantivessiecssnpound dengwn to a

person skilled in the art. In a secong. preferred aspect of the invention, said second compound can be
25 selecte amo%% é“géft?ﬁbac??%sgg%t‘i{é’tfé&%snti|G|=-|R, antiHER2/neu, anticMET, VEGFR, VEGF,
etc., isolated, or their fUifstimoabfiagrhentibadyd e vefiwedp aurfds Hapabie dfinkibitingdheds
proliferative andigy Gtl:ARARIONG ARY/OrAYIRFERIE ANYREINAHSHNS ALY AhPRIaRIAC
dissemination promote_& by sal rece’pto?s. Also s?%tab e ?or 211en%on gregntggg%dgﬁfbodies
such as a rituxindépd with the CNCM on June 25, 2008, under number 1-4019 obviously forms part of
the present invention.
30 The antibody of the invention also comprises chimeric or humanized antibodies,
A chimeric antibody is one containing a natural variable region (light chain and

heavy chain) derived from an antibody of a given species in combination with constant



30ibritumomab or tositinnomab; antiCD33 antibodies such as gemtuzumab or lintuzumab; antiCD22
antibodies such as epratuzumab; antiCD52 antibodies such as alemtuzumab; antiEpCAM antibodies
such as edrecolomab, Ch 17-1A or IGN-101; antiCTP21 or 16 WO 2010/037831PCT/EP2009/062787
44 antibodie¥ S IOR4S 3 tin; antiDNA-Ag antibodies such as "31I-CotarBCHEF20UMRRDIC antibodies
such as pemtumomab or R1150; antiMUC18 antibodies such as ABX-MA1; antiGD3 antibodies such
as mitumomab; antiECA antibodies such as CeaVac atSlabetuzumab; antiCAI25 antibodies such as
OvaRex; antiHLA-DR 5 antibodies such as apolizumab; antiCTLA4 antibodies such as MDX-010;
antiPSMA antibodies such as MDX-070, "In & 90Y-J591, 177Lu J591, J591-DM I; antiLewis Y
antibodies such asgicn3f thahghirhvgendshe dntinodied sucn astit8dy405 apebRe YnerBiGdous
antiTrail-R1 antibgdigsg §H‘éﬂ QJ%CT@A'L RIniAb or TRAIL R2mAb. Another embodiment complementary
to the invention consists of a composition 10as described above comprised of, in addition, as a
combination or conjugaistnprbediasior ShitmEadmE YD Sfaterrorcaxtbpdeerisd, by using the
cytotoxic/cytostaticRigils of FREMIIARROURAUER. MEABSIBRIANINSHALAR ohhRiicempeunds of the
composition comprised in a single dosage form, "Separated use" means administration, at the
same time, of bo%“é’é’?ﬁé] &%?%ﬁﬁ%“&%b?fﬁén?%ﬁ\%&ﬁ?ﬂ%ﬁ@m&séﬁ@?ﬂ?&%‘?dlng
"Extended use" mgahs theslceegsivebgminiatiationaidmhatampodnds efdhe cansposisiapiyeach
comprised in a distinct dosage form. enerally, the compasitign accordjng to the inyention
considerably increases cagr(i:%ers?r SSlihen? elﬂ%c{%e%'n%gg‘?ﬁ%%@f@@é’r&@%&é} ltf‘]%%gﬁiel?tic?\é’ﬁée&‘:of the
antibody of 20 thenimhahtiorosiagartbe dnveasiou nexpé die dnyaydbyr¢benddminigtrationof Becydotoxic
agent. Another MAhFIPPEISILARNATRAARR AR SRR A TROAAN AT faRYSDIRLEIRIeS to the

possibility of using lower effective doses of the active ingredient, thgs making it possible to avoid or
reduce the ¥dks Braneribbeigntcloneddometis, mipastiodidr the éffdsntpperdeeymimxddagent.

Moreover, this coatpesifippdakesiPReRSHRIRIDRGRISVEIhS axpasISH Lherapsplics{ieds-more

quickly. -Therapeutic anticancer agent"” or "cytotoxic agent" means a substance which, when

it is administered &% pAtRADAS A0S BieprEve shnRE R IBHA%ent of cancer in the patient. Non-limiting

examples of such agents inelteteaspbiey labngr-aeen Esanbies atohaliesy, antityeReaabikiptiesd pitotic
inhibitors, inhibitg}?rlz1 ct)f ch %matin 30functioning, antian io%eni_cs, antiestrogens, antiandrogens and
immunomodulatoP&CHOPAS HERTAHES ,%F’é”x%‘%’p‘fg?%’ﬁ BESHRGS AL ¥ he page devoted to
compounds felated to dncelggytiamidrhprefataldgymindanthe hieadingéGytaiokicdythe 45dutotaxic
compounds cited, by reference to this dacument are cited herein as preferred cytotoxic,agents.
"Alkylating agentﬁor%lPe %gggoeﬁl%u%ﬁgﬁ%ﬂl%%g%ﬁg QC§:1 Pina é’c?\(/%a eﬁ%‘ilegv% oorogie{)rrligaéiiﬁe;lgign@ Mblecule,
preferentially a niggfedacgcioger inDNANWIthinid seiicEocaPhildD Nof éhcindikyiatingeagenis:include
nitrogen mustardg,siebyas BGEMIALIARING slormbYch Melehalanghipyqate, pipobroman,
nes suc

prednimustine, disodium phosphate or estramustine; oxazaphosphori as cyclophosphamide,
altretaminc, trofosfamid@, 28afhstorsrelkirgé Srimsirasaidbeohierre Switetylent demrrsscouaponrdthiotepa,

triethyleneamineser aligknmi neiHRSepIQaR SUENRS RAENNEIRE kR EITE PIgROCING., fRigRANSLINe or
lomustine; alkyl sulfonates such as busulfan, treosulfan or improsulfan; triazenes such as dacarbazine;
or platinum comSRERRSTHE STRIER AT caYStathie 7 Sfnodtarhdn that ik FemEistotitesdters to a
substance that bbbekssgiowite anshisiseal vanmiatabalsey i tsHermopwithcertain activities, generally
DNA synthesis. Examgllqls of %e%néiqggt bo,lites includetrg%ﬂ'noﬁgxate, 5-fl§g§guracile, g(g) xuridine, 5-
fluorodeoxyuridine, capeciabine. ARarabifie, MG ABiAL SSABIME SraBIRbSIHE, BEINS 5t urine
(6-MP), 6-thiogubminex6:Tidpdshid rerdsoemdagiasithe, Bhar aeytidifieh genribiidbine |aisidriing,
deoxycoformycinyaad peptastating ANt r.antibiotic:. refers ound that can prevent or
inhibit the 20 synthesis of IZ_)NA,EFII?(I(\)IA%%%%S; %?lcq}t%?lngﬁg%%éleig (ﬁ%@éﬁ%tu&mﬁ %ﬁtié%i%%%nclude
doxorubicin, dautsgrusitrgsidiattsidiiad/ BRY stoirbermiechi@et ronercstare hdrding e fifitlyr lonyasiey plicamycin,
mitomycin C, bleqgryein ap resasbaring, verhisglic inhibjierss pueventhie;aermakprogsggsion of
the cell cycle and mitosis, In general, microtubule inhibiters or "taxoids" such as paclitaxel and
docetaxel are Riechmann et ai, Nature, 332:323-327, 1988).
The humanized antibodies of the invention or fragments of same can be prepared
30 by techniques known to a person skilled in the art (such as, for example, those described
in the documents Singer ef al., J. Immun., 150:2844-2857, 1992; Mountain er af.,

Biotechnol. Genet. Eng. Rev., 10:1-142, 1992; and Bebbington ez al., Bio/Technology,



25capable of inhibiting mitosis. The vinca alkaloids, such as vinblastine, vincristine, vindesine and

~ vinorelbine, are also capable of inhibiting mitosis. "Chromatin inhibiters" or "topoisomerase inhibiters"

are substances that inhibit the notinal functioning of proteins that shape chromatin, such as
topoisomera¥&s 26a4igE 7831 [|. Examples of such inhibiters include, for toparsmerageokcamptothecine
and its 30derivatives, such as irinotecan or topotecan; for topoisomerase II, etoposide, etiposide
phosphate and teniposide. 46 An "antiangiogenic'ygs any drug, compound, substance or agent that
inhibits the growth of the blood vessels. Examples of antiangiogenics include, without being limiting,
razoxin, marimastat, batimastat, prinomastat, tanomastat, ilomastat, CGS-27023A, halofuginone,

COL-3, neovastal,0B¥t51275281) tisakt amige 6D enfifddibs BY XARMLORL 83 sSepalamititods

endostatine, SU5]E4\1KE)31 SUGG6ES, inélearferon-al ha, EMD121974, interleukin-12, IM862, angiostatin and

vitaxin,  "AntieSrogee B E S SERI B QG SIRLER e AU PR U RS REAIT L A rkg e ther
antagonizes or intubiteiestogterhactics,. ddmplestohguclrageitits dnatamyxifenes, taresidepe,

loxifene, droloxj ' . AR !
radrogen antago et Ao TS8R cction.

Examples of anti&dPdfénkiihciide Fhftditider, Hifutamit) bisHutakBitE & givohofkici8Aerd pidterone
acetate, finasteridesandgaimikding.dnapnomediatess ats suhsianees thal simlateihe immune
system. Examples 15 of immunomodufators includé interferon, interleulcins suéh as aldesleukin,
OCT-43, denfteukiffdiftitox or interleukine-2, tumor necrosis factors such as tasonermine, or other
types of immunomoduladhoigdsties) a& IRRtRach SiZekiEaney eslHiniaXePptingd: PEGaESHAS.
thymopentine, potlﬁ/ I:C ortI%v%mirs%o Ie.fgn ogbination with 5-fluorouracil. For further details, a person -
skilled in the art Cai Terar (0 tneshaEst ?‘%ﬁ flished 20 by the French Association of Therapeutic
Chemistry Téachers titl&dd prefeape utisnoke roiettyiny edgond\ ofittha Giglird s anddpers pesiiveRain the
treatment of cancer, T n C edition, 2003 [in Erench]". In a,particularly preferre
embodiment, sai ggr%gp)%g?ﬂcg# oft aél%r%)\?%%t%% as é:%%)vr%%ir%ﬁé%mgr%ad%%{%g%%%l}gc é"r&*“e%“%%“?nat said
cytotoxic agent isgtrotmc? shgavivadly ts@®said antibody for use simultaneously. In a particularly
preferred embodiment, gaig, COMPOSIHOR,IS &%g&gg&%%d Ny t;f%fa{gloﬁﬁgtq%@/}c’y%t%&aggﬁt is
selected among the spindle inhibitors or stabilizers, preterably vinorelbine and/or vinflunine and/or
vincristine. In ordériactadsatethifaingtiodvedn Laiexbititetiedtere finaiiothe mstibatiyesobadrording to
the inventiors spasginnalecuiRsLanBeINIgdysesbbstween e AyRAOMRRKBLER RiRGsHER as the
poly(allcylene)glycol polyethyleneglycol or the amino acids; or, in‘another embodiment, said Cytotoxic
agents' active de@%ﬁ\)/es, into which WO 2010/037831PCT/EP2009/062787 47 have been introduced
functions capable of redctingalitdppaidodndiboglys@anibeused . rflarsebinding1eeiNifdRSAkRid
well-known to a pgé%on skil%{jd it&lttgetart aqd ¥Vi | not beﬁ%gs%ﬁsed in maore detajl in the present
description. Other EGER RhibitEFE ik cti 8 Soith STIOBEI NG IR A BRSEIS Hst At BEHEEE #8525 and
antiEGFR 22Mali{pn@lanedysterndelncorporated), ABX-EGF (Abgenix/Cell Genesys), EMD-7200
(Merck Kg or compound -18 183 D: straZengca), PKI=166 (Navartis),
PKI-lGG/C%@-?SlGG (Nox%r%‘sz‘i%%&f%ﬁ?js N%v%rtls , 6017%%3(£%p%lg%t}, ﬁ%o‘r’ﬁ'i & 2 ey
(Pharmacia/Sugépyrembasignvasnel fizgmiserpbeatke, Bropisling 10108 3nPenti®@s, 805 (Warner Lambert
Parke Davis), CL-387, 1%?&&1@\1&/}4@@-@%*%5@&3&%%%é@&%@m&a&mﬁ% GMBFH/Roche),

ibb

Naamidine A (Bristol-board Myers Squibb), RC-3940-II (Pharmacia), BIBX-1382’(Boehringer

Ingelheim), OLX-103 (Mefchugiainsc F@é?’dﬁéﬁtdmgﬁ&éﬁ)?@@m £ ¥t (Sehygen Inc.),

e Camaclie LMD bt ST b S S,
- er Hughes Cent cer), - arker Hughes Center Cancer), GW-

(Glaxo), <839 %@3%@?@%3‘) -és%ﬁgéeawqw& Wit trseiitre mm‘ﬂm%@a

Molecular).  A80thesdsmdsst tdentiyerftionpalaie siignineampasiiqnepbes sorizetia. thatat least

one of said antibggie%% %%gsdg(gyoeglggn&pounds or functional fragments of same, is combined or

: . Of  NGs. : . . . :
conjugated with a cellular toxin and/or a f‘aalmsotope. 20 Preferably, said toxin or said radioisotope is

capable of preventing the groleth asid rdlidelatisn dinimdcniiver cathbiotdbiywidempletdby inabtjvating
said tumor cell. gringent conditions with at least the light chain of nucleic acid sequence SEQ ID No.
30 27 or SEQ ID No. 62 or SEQ ID No. 68 or 70 and/or the heavy chain of nucleic acid

sequence SEQ ID No. 28 or SEQ ID No. 63 or SEQ 1D No. 69 or 71 or a sequence with

at least 80%, preferably 85%, 90%, 95% and 98% identity after optimal alignment with



Also preferably, said toxin is an enterobacteria toxin, notably Pseudomonas exotoxin A. The
radioisotopes preferentially combined with therapeutic antibodies are 25 radioisotopes that emit
gamma rays, preferentially iodine131, yttrium90, gold'99, palladiumm, copper67, bismuth217 and
antimony 21 R4\B1E8pes that emit alpha and beta rays can also be UBEHFR1MERE3Y87  "Toxin or
radioisotope combined with at least one antibody of the invention, or a functional fragment of same"
refers to any means that makes it possible to bind said330toxin or said radioisotope to that at least one
antibody, notably by covalent binding between the two compounds, with or without the introduction of
the binding molecule. WO 2010/037831PCT/EP2009/062787 48 Examples of agents that allow
chemical (covaleAfusiees SSQLE depot-eodaeht boREM JdMNls.oZpart/of tieocSEQUMIS®l6tents
include, in particulg;BeRzaaRPRSNRIBadIR)dE; and more particularly EDC
(1-ethyl-3-[3-dimethyl-aminopropyl]carbodiirnide-hydrochloride), dimaleimide, dithiobis-nitrobenzoic
(DTNB) acid, N- 5 succhififid}/ SSlavefrmaczetiie (S0PA isieniidy semntsawivourmeingribre
groups, with one gitivaredhpnidagigsgroups, reacting with ultraviolet (UV) rays, most preferentially
N-[-4 (azidosalicylamino)buty1]-3'-(2'-pyridyldithio)-propionamide (APDP), N-succinitnid-y1
3(2-pyridyldithio) propionate (SPDP) and 6-hydrazinonicotinamide (HYN1C). 10Another fool' of
binding, notably for radioisotopes, can consist of the use of bifunctional ion chelating agents.
Examples of such chelators include the chelators derived from EDTA (ethylenediaminetetraacetic acid)
or DTPA (diethylenetriaminepentaacetic acid) which were developed to bind metals, particularly
radioactive metals, with imrnunoglobulins. 15 Thus, DTPA and its derivatives can be substituted on
the carbon chain by various groups in such a way as to increase the stability and the rigidity of the
ligand-metal complex (Krejcarek et at, 1977; Brechbiel et at, 1991; Gansow, 1991; US patent
4,831,175). For example, DTPA (diethylenetriaminepentaacetic acid) and its derivatives, 20 which long
have been widely used in drug and biology either in its free form or in a complex with a metal ion,
exhibit the remarkable characteristic of forming stable chelates with metal ions which can be coupled
with proteins of therapeutic or diagnostic interest, such as antibodies, for the development of
radio-immuno conjugates for cancer therapy (Meases et at, 1984; Gansow et at, 1990). 25Also
preferably, said at least one antibody of the invention forming said conjugate is selected among its
functional fragments, notably fragments that have lost their Fc component, such as scFv fragments.
The present invention also comprises the use of the composition for the preparation of a drug intended
for the prevention or the treatment of cancer. 30 The present invention also relates to the use of an
antibody, or a derived compound or functional fragment of same, preferably humanized, and/or of a
composition according to the invention for the preparation of a drug for inhibiting the WO
2010/037831PCIAP2009/062787 49 growth of tumor cells. Generally, the present invention relates to
the use of an antibody, or a derived compound or functional fragment of same, preferably humanized,
and/or of a composition, for the preparation of a drug for cancer prevention or treatment. Preferred
cancers that can be prevented and/or treated include prostate cancer, 5osteosarcoma, lung cancer,
breast cancer, endometrial cancer, colon cancer, multiple myeloma, ovarian cancer, pancreatic cancer
or any other cancer. The invention also concerns the use of an antibody, or a derived compound or
functional fragment of same, and/or of a composition as above described for the preparation of a drug
for modulating CXCR4 activity in a cell. 10Another aspect of the present invention relates to the use of
the antibody as described in a diagnostic method, preferably in vitro, of diseases related to CXCR4

. expression level. Preferably, said CXCRA4 protein related diseases in said diagnostic method will be
cancers.



Thus, the antibodies of the invention, or the derived compounds or functional 15 fragments of same,

. canbe employed in a method for the detection and/or quantification of CXCR4 protein in a biological

sample in vitro, notably for the diagnosis of diseases associated with an abnormal expression with this
protein, sucl'Zs284HEEPEL wherein said method comprises the following sEEFEEPR98{8ETR] the biological
sample in contact with an antibody according to 20the invention, or a derived compound or functional
fragment of same; b) demonstrating the antigen-antibd8ly complex possibly formed. Thus, the present
invention also comprises the kits or accessories for the implementation of a method as described,
comprising the following elements: a)a polyclonal or monoclonal antibody of the invention;

25b)optionally, reE&dhss for constituting the medium favorable to immunological reactions;

c)

optionally, reagents that reveal the antigen-antibodies complexes produced by the immunological

reaction.
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compound capable of modulating, notably inhibiting, cellular activity, notably growth, proliferation,
transcription and gene translation. The invention also relates to an in vivo diagnostic reagent
composed of an antibody according to the invention, or a functional fragment of same, preferably
15labeled, né"f&b%?}?é?a?éf{ébaed, and its use in medical imaging, notably 8 THE eRE3H of cancer
related to the cellular expression or overexpression of CXCR4. The invention also relates to a
composition as a combination product or to an anti-CX¥R4/toxin conjugate or radioisotope, according
to the invention, used as drug. Preferably, said composition as a combination product or said
conjugate will be 20supplemented by an excipient and/or a pharmaceutical vehicle. In the present
description, "pharmacet%i@alt?%’l’ﬂﬁcl‘é‘“&ﬂé‘én@@%’@rﬁp@ﬂﬁi@, Sequenttibinatistest coMpemascahtering a

pharmaceutical coppasifieniiial denmalsaust sccandaniapioneandoal.for examplgaciliates

administration of the active compounds, increases its lifespan and/or effectiveness in the organism,

increases its 25 SRS mPSeHUBGHBIIBTRPE A5 the REsYHY e sTiptPh MR8 CDIFCHE CRATSPS Rpé
well-known and willchewitapteddiyed perser skifiachin she-amasceidingdsidhesraiuraand the,
administratigg ro%%e o{ntﬁe active or‘r%#ou?}gs selected greferaﬂ%; sgcfhécompounds will be
administered by Syafa e SR TL SIS 0% npt IR S0 S SHHATH SR SRRt RN A fbelpreritoneal,
subcutaneous or graiddilié. d0Moseriptieiepabiycthefeaith Paskion composed of the antibody according
to the invention will be iniste! in.sever sSes ed_equally. over.time. WO
2010/037831PCT/EP2§§9 (%%&7@{572;5?6 ‘%Xjre‘h‘?eé#jg e P Leé‘f“” Sé’i%% dossonndela; d®ptimal
galenic forms carécgide raiiverrescooiignasuiab dricerimqyer enatiyotakent.into, aceourrtwhene,

establishing a treaimahstledo BPAIRELHLRATnI%h R BRI IAERAANS 2001 RadVeioht, the

seriousness of his general state, his folerance for the treatment and the side ts Sexperieénced.

Thus, the ilvEntidtrieRiBritd tedbesradinmtiboly, Tront dvir tanrited trdvmest foring
preparation of a dig fer teesspaciiayarasiingof AoemPonRRhaliadigiiclhactivg tawarm cells

expressing or overexgresgsiré% CXCR4 ther characteristics and advantages of the invention

. @)
appear further in #& 10d8E PN ol amR & ahiort stiarghransiiysehrayesdnihestalerbd below.

FIGURE LEGENES be mentkagtirésrtA and 1B show CXCR4 and CXCR2 expression in cancer cells by
15gPCR analysis, respegtively. Figure 2 shows CXCR4 and CXCR2. protein_expressjon in cancer
cells by FACS analysis.eﬁtuc%a%%eg Saﬁ%%@géhs oav\})?ﬁ%e%tgﬁ?pigﬁﬁgﬁ'8?5%5%%%%(;53%@%nding by
unlabeled SBF-18Fig A&8ARP tnehd PAY4G afiet $pEMT! Mabsn@Eigwich 3B)ofecet wan2frae mbsanes of
CHO-KI cells stably.expressing.wildetype, human CXCR4. (T dotalbinding (,NS: non-specific binding).
Figures 4A and 4B show ;igé modulation 6f G prote ac;?vg%%ﬁ%??fﬁlﬁ%cﬁis %eﬁiré: 4AY ANd 515117
Mab (Figure 4B) B94HEiHernerrE55s| GTPySasiatiagiptsingn sesacoii-typcOXCRY, rechisteristably

expressed in NIH3h3 Galior25igieBosh owss Rtign QL& Profeio aaivalion by A XCR4
Mabs 414115 and 515117 by monit'oring.[SSS]G TS binding responses at HeLa human tumor cells

stimulated with SRS IVIHEF SORMPCid soaignces sabsrdrsiememenRfsdhénbere xased feceptor
associatiorewith elitfekephépasacsiDmpaciners QHSREJdoaiddneAddtosand kbt Mabhxuias

e T T b B
conditions, notably those defined below.
Hybridization under highty stringent conditions means that conditions related to
temperature and ionic strength are selected in such a way that they allow hybridization
25 to be meintained between two complementarity DNA fragments. On a purely
illustrative basis, the highly stringent conditions of the hybridization step for the
purpose of defining the polynucleotide fragments described above are advantageously
as follows.
DNA-DNA or DNA-RNA hybridization is carried out in two steps: (1)
30  prehybridization at 42°C for three hours in phosphate buffer (20 mM, pH 7.5)
containing 5X S8C (1X SSC corresponds to a solution of 0.15 M NaCl + 0.015 M
sodium citrate), 50% formamide, 7% sodium dodecyl sulfate (SDS), 10X Denhardt’s,



WO 2010/037831PCT/EP2009/062787 53 hetero-dimerization and Figures 6E and 6F:
CXCR4-mediated recruitment of 13- arrestin). Figures 7A and 7B show the inhibition of forsko
lin-stimulated cAMP production by SDF-1 and 414H5 and 5151-17 Mabs in NIH3T3 cells stably
expressing CXERA4738Eptor.  Figure 8 shows the modulation of G protaTEESAYARIE Dy
anti-CXCR4 Mabs 414H5 and 515H7 by monitoring [35S]GTPTS binding responses at constitutively
active mutant Asn119Scr CXCRA4 receptor stably exprdfsed in CHO-KI cells. Figure 9 illustrates
the inhibition of SDF-1 induced Hela cell proliferation by the 10Mab 414H5 in vitro. Figures 10A and
10B show the inhibition of SDF-1-induced U937 cells migration by CXCR4 Mab 414H5 (Figure 10A)
and Mab 515H7 (FigdeatroByifivine! Fgatbnbdt showsDihtibitio pohMDiybisi28bxénodfi dfbttsmor

growth by ant- CHCRAMeRAIHEMARAGMAD RS AE (B) [ioYScig mieq,J5Figye pghows

the anti-CXCR4 Mab 414H5 activity in U837 Nod/Scid mice SLH’}VIVG_J model.  Fig 3C show
the SDF-1-induceBesrtidih e lepg®)idetisived by arpickomuaasisistat M HO X8 téls (Figure

13A) and MDA-MEB234d-iauieiddBivAdRdg trisre 136) gameencelis, 295J0ure 1AShawsihg
inhibition of T-cell ICARPAS 299 xen%%g\ft tumor in Nod/Scid mice by 414H5. Figure 15 shows the

activity of mutine BAHCE RERE A5 s ts i Rin o SINGH/ Sid Fes stinfldt iieraal probe >Hfure 16
shows the activityrodleotiteeiatar@X CR4hdaly §5d&7nirbindiaiien RadfidrcelsleARRAS 9%

bimding by moring BN BT eSS TES S CHRH N R PR 6 PR OGgitar
membranes of CHGsKItse tdigtabbjeesipes ssingyding -ty piee hurocadu X GR&IPED tot  doithakiog, ; AN S

non-specifc bincag 40 QRIAAAT AHIECHSEEN00 007767 24 Pidlpd spanses A wikee

CXCR4 receptor stably expressed in NIH-3 stimula gure 19
shows the rhivduld#®h-of G protein activation by anti-CXCR4 murine m414H5 and m515H7 Mabs and

chimeric Mabs c414H5 ardigha sl 4iy-anliering Si3p SETRYS: hinding cespensas.aliala human
tumor cells stimulated with SDF-1 (10 nM). Figures 20A-20C show the modulation of CXCR4

receptor associatihWitH#erent interaction partners by SDF-1 and by m414H5, c414H5, m5151-17

and c515H7 Mabs via aThioMminesCened e IARBRCEIANLEMMHRNIRS RRETYARRM0AGE hiEIC293 10
cells. (Figure 20A: CXCR4:CXCR4 homo-dimerization; Figure 20B: CXCR2:CXCR4

hetero-dimerizatigélhcaﬁ&%’ﬁﬁ? & SHEEX CR4-mediated recruitment of P-arresfin). Figures 21A
and 21B shbiv the inhibitien wi®BFel-ihdunedncoiciymieidbbsednttitl QIR A0S digweRdA) and

15 migraton by CXRR AL ordT e B P SR P, L ee Ty
(Figure 22B) in vilres musFiguiding stometeth ast@X GRAthimedddvtaibst ol 4k¢Badm dcSEBHT activity
in U937 Nod/Scid [iee SUNMALAAIRbulation regions. It must be able to be maintained in a stable
manmer in the host cell and may optionally have specific signals which specify secretion
20 of the translated protein. These various elements are selected and optimized by a person
skilled in the art according to the host cell used. For this purpose, the nucleotide
sequences can be inserted in self-replicating vectors within the chosen host or be
integrative vectors of the chosen host.

Such vectors are prepared by methods typically used by a person skilled in the

25 art and the resulting clones can be introduced into a suitable host by standard methods
such as lipofection, electroporation, heat shock or chemical methods.

The vectors are, for example, vectors of plasmid or viral origin. They are used to
transform host cells in order to clone or express the nucleotide sequences of the
invention.

30 The invention also comprises host cells transformed by or comprising a vector as

described in the present invention.



20 EXAMPLES Example 1: Expression of CXCR4 and CXCR2 in cancer cells - Q-PCR analysis:

In order to quantify the relative expression of CXCR4 and CXCR?2 in different cancer cell lines, a real
time RT-PCR was used. 25RNA samples were extracted from different cell lines using RNeasy Mini or
Midi Protocol {3AYEH®Rbrporation, France). The RNA samples were th&& HEREVIOE2T8Tng the
Experion automated electrophoresis system (BIO-RAD Corporation, France) and showed a good
quality/integrity. One 1..ig of each RNA sample was cdiverted into cDNA template using the iScript
cDNA Synthesis kit (BIO-RAD Corporation, France). 30 cDNA levels were quantified using qPCR with

either a TagMan probe for CXCR2 or SYBERGreen for CXCR4. Comparing samples requires
normalization, so was intP§difseectheshhsr selr pése rarens RPE@ YT M S RGhES fpetfcndXGR2)
carried a5’ 55 FpMcrepensy Bbekanpia BulAMRBAGUeneReLIaMP.cTiRe:b ¥R Vg activated
by heating for 2 min at SO%and 10 min at 95C. A two step procedure was used, 15 sec at 95C and 1
mm at 62C for 40" BFFLEPARLHYSBEISNRK B5Ataining 5 ul of cDNA template (dilution 1/20), | x gPCR
Mastcrmix (TagMan Uniiiersabdiidin Mastelafdvix aAipplie bBiasysie mecerporation, Bradshbug New
Jersey, USA)S 500te l%gga% o{oetgé:kl}l?&rggrs and 50 to 100 nM probe in a total volume of 50 Al. All
reactions were performed using ICycler iNStrument (BIO-RAD Corporation). Q-PCR allowed to
determine Cycle threshalubfit) aFiretnobrddhev@itualuelisesmall, thethmdriatheegenedestedds an
expressed. Primers: ih0so roteing large, PO were: 10forward primer,
5'-GAAACTCTG%E??@%@%%(%{%G'eSF' é% Dglillgf%ﬁ;ﬁ’%ﬁé’%&é%?ﬁﬁgﬁts’ HRRARER RS
5-AGGACTCG1 oo ramrses he itlaimeajeprobe, 5 -(FAM)-
TGCAGATTGGCTACCSARGTIGRTECATAMBALT (SEQIBINGAA) RIS IasHIMaNGKCR4
(chemokine receptor 4) were; 15forward primer, 5-CTCCTTCATCCTCCTGGAAATC-3' (SEQ ID No.
35); reverse Prim&CBLEER Al BEAROICRIAGAGGATGG-3' (SEQ ID No, 36). Primers and probe for

Human CXCR2 (chemakingd eeepiery2) fuara: iafwasg, piimete SoGTCElGodal AlehAhS GRS TGG-3'
(SEQ ID No. 37); reyerse primer, 5'-CGACCCTGCTGTATAAGATGAC-3' (SEQ ID N0.38); 20probe, 5
-(PAM)- TA 11cCH éﬂ%ﬁ&@?@’&?@@ }yg}gg{%&mﬁﬁﬁi_gﬁ(grg@c No. 39).  In our comparative
study, the expression oThworgefimsmfihedjenedadiad (CHERAaGXGR 2T andiRBl-@Biwease feantified
in two different s : the gell line tested and a.reference.cel] line. The reference cell line
corresponded to?ﬁgeg é?e%l #1@ %)ercl: axﬁiﬁugm;gﬁ%a%%gg g%%s]g%#(%l ﬁwgl‘éeélﬁlg%l?\gﬁﬁﬁ)é% . r{IS“(')FFiEarative
gene exprebssionIgaeanisiton ﬁa@ﬂmetwngmdm@@nqkumwmmlame@m&ﬁnm(esﬁimn; (1+ E
gene) ACHD ! (Ihgniona @) &g d o SRABRLPIO. AU HRRRR O 1S 9805:

quantified E Rpu = PCR efficiency using the RPLO primers/p
according to the invention, are also comprised in the present invention. Preferably, a cell

transformed by a vector according to the invention is cultured under conditions that
allow the expression of the aforesaid polypeptide and recovery of said recombinant
20 peptide,
As already mentioned, the host cell can be selected among prokaryotic or
eukaryotic systems. In particular, it is possible to identify the nucleotide sequences of
the invention that facilitate secretion in such a prokaryotic or eukaryotic system. A
vector according to the invention carrying such a sequence can thus be used
25  advantageously for the production of recombinant proteins to be secreted. Indeed, the
purification of these recombinant proteins of interest will be facilitated by the fact that
they are present in the supernatant of the cellular culture rather than inside host cells.
The polypeptides of the invention can also be prepared by chemical synthesis.
One such method of preparation is also an object of the invention. A person skilled in
30  the art knows methods for chemical synthesis, such as solid-phase techniques (see
notably Steward et al., 1984, Solid phase peptides synthesis, Pierce Chem. Company,
Rockford, 111, 2nd ed.} or partial solid-phase techniques, by condensation of fragments



30Ct = threshold cycle ACt(1)--- Ct gene (cell line tested) - Ct gene (reference cell line) ACt(2)= Ct Rito
(cell line tested) - Ct luto (reference cell line) 56 For each PCR series, a relative gene quantity
value was calculated, and cancer cell lines were classified into groups considering their levels of
expression LA tEHGFHst to negative. All data are presented in FiguresSPRE&REEBI6ATBthe cancer cell
lines tested expressed CXCR4 (Figure 1A) and CXCR2 excepted DUI45 and U-87MG 5 for CXCR2
(Figure 1B). - F,4CS analysis: MDA-MB-231, PC3 and U937 cancer cell lines were permebilized
and then incubated with either 10 pig/mL of anti-CXCR4 monoclonal antibodies [44717 (R&D
Systems) versus its isotype control IgG2b (SIGMA] or 10 ng/mL of anti-CXCR2 10 monoclonal
antibodies (anti heaCXCR2yeidineal 8@ithe &b BysiomPdijabpBdtsvssisitbisokypacabeiiohtgs2a). The
cells were then w j R4 / % 3. Next. Alexa-labeled secondary antjhodies
were added to théﬁz&éﬁ%ﬁfgﬁ% alllog\} 2‘%%%%%%%% gﬁ@%lr min. Celf§werd tRenWEsHEd again
two times. FoIIoth@lﬂ?fé%’ééond wash, FACS analysis was performed. Results of these binding
studies are 15 provided i dd Wiouitmon &8l SHA ASMPAMBRRL R A0 937
a

expressed both CXCR4 and CXCR2 proteins. Example 2: Generation of monoclon antibodies
(Mabs) againit hiHfieh € REEAST Py dhieraibef i dhmpomaearen saedso oxeiad Baibicniseatere
immunized with feeaitibtinant NIH3T3-CXCRA4 cells and/or peptides corresponding to CXCR4
extracellular N-term an%loo? . The rtr:iilce 6-16 weeks of age upon the first immunization, were
immunized once with tha SAtgeh (o pEbE ARG He %Q?ﬁ%%’ﬁf%mﬁfbﬁgﬁﬁ%ﬁ? Ecantimstued by 2 to
6 immunizations vdétarémtigbovis) theomiptietel AbtHatéundls adljiseantspebERE ipoifinalvaspansaovVas
monitored by retrpoghifal blgeds; The serum was, screened b ISA.(as described bellow) and mice
with the higher titers of ant#—gx%(ﬁu afﬁt%g%dirgge té’rre %ns%%rfgfylﬁ%eon% Ice vf’/%[rig B%Eftilﬁﬁ)a nously
with antigert fvo giysliveforsusherificertmid removal of the spleen. ELISA - 30To select the mice
producing anti-CXCR4 aatheriesosei erBUBtINAE B IGR NASISRIEAD B BN, microtiter

plates were coated with purified [1-41] N-terminal peptide conjugated to BSA at 5ng equivalent

peptide/mL, 1004HBIFARR: g EPneYr 60 BSBET W culradndy et dvbisigrifithen

blocked with 2501 felepfDibibigabrinade PRIoRIlHiNTa5MRIIAHOm X GRA-ImMupizeg mice
were added to each We]'@%f?%%%é’eba ed 2 hours at 37C. The plates were washed with PBS and then
- I

incubated with a JORI RIREHSH Bt SRt R0 TPIFp A Blak S+ R OF BOFieBSHI 1 hour at
5 37C. Afterswaskiifig] RJ3ER Irete HOFeloped VIHE] MBasphsiatRudhene THOR WasSIopRsths Min

later by addition gf 100,gLAxell 1M H2SO4. Mice that developed the hi ge iters of anti-CXCR4
antibodies were Sgglgoficﬁoa\r%\hgggﬁe&hng%%ﬁ? TG *‘%%%ﬁ“&%ﬁﬁ&%?% sééﬁ%ﬁa&ﬁg to CXCR9
The mouse splenocytedlisokaptifionsa Bttt eathitod@selopeditie highesill fetitersiaf of
anti-CXCR4 antihodies were }&%ﬁg %VJH%E?] G use m ma cell line Sp2/0. Cells were plated at
approximately Ix 105 /well in mlcroteiter plallt%estjfg?%\%?fgae %‘ﬁg{d% vi\)/eeléﬁ%ofﬁscﬁgé:ﬁ%%\% x|IﬁeégeiTle{(?ff'\/séi1?%‘1%dium

containing ultra coglscaimddnivmes i BohieandiPd + Cematn sodlimatepipsissate .+ BT W ellszivere then
screened by EL LaAdprasiGGRAmORosiAngR antbasies- e AnihadkSeaiBlaa  yRrjdomas

were then 15 subcloned at least twice_by limiting dilution, cultured in vitro to generate antibody for

further analysis. “2PARHAIR BreT4 eRK cEREns SRNRS ERe SrashRpsRrd maplgcaiRoRANIaE&49 4f15 and
515H7 binding spesticieliand danessder nasesnanition 2 ondmibis axpednenbmspesiicpinding to
human CXCR4 (j!%%gti-gc)fCR4 atilsi%m%%?? %nd 515H7 was examined by FACS analysis. NIH3T3,
NIH3T3-hCXCR4 trahstedted Bl MDARIBZI3Y:, REh] dhat) 987 et cEfthites HWérdbtcabated
with 10 gg/mL ofsmoatctostbéntiBady: 4141 - AhdaBeval 3 7., Tivs G elisine resthers washedswitin
1%BSA/PBS/0.019% N . t, a: 25 labeled.se antibodies were.added to the cells and
were aIIow%%l toolﬂr’}Ié%b%?fg%t %folr@é %rﬁ%@él%@v‘?@%@%ﬁ%ﬁs e %rgeéalrrﬁ::?\t/lv%?ﬁ é’sgfﬁjgﬁﬁwing the
second wash, FATGSgeraigsisahaigyssrfban stkRdsuttsublhdsefbindihgtetitlinsiantiqrouidethis the

i e G e s ipl R s A Y
Biotech., 16:677-681).

These bispecific antibodies can be constructed as whole 1gG, bispecific Fab’2,

30  Fab’PEG, diabodies or bispecific scFv, but also as a tetravalent bispecific antibody in

which two binding sites are present for each antigen targeted (Park ef al., 2000, Mol.

Immunol., 37(18):1123-30) or the fragments of same as described above.



30 NIH3T3 transfected cell line whereas there was no recognition on the parent NIH3T3 cells. These
Mab were also able to recognize human cancer cell lines, for examples WO
2010/037831PCT/EP2009/062787 58 MDA-MB-231 breast cancer cells, U937 promyelocytic cancer
cells and Bel¥@éifiléddter cells. Anti-CXCR4 Mabs 414H5 and 51BEi7ER20862E8)
NIH3T3-hCXCR4 transfectant while there was no recognition of the parent N1H3T3 wild type cells.
Mabs 5414H5 and 515H7 were also able to recognize £ancer cell lines. Table 4 Clone (10 jig/m1) MFI
on cell lines N1H3T3 NIH3T3-CXCR4 MDA-MB-231 Hela U937 414H5 21 2162 32 467 95 515H7 16
2752 239 1851 645 Example 4: Competition binding of anti-CXCR4 Mabs 4141-15 and 515H7

In addition to an economic advantage given that the production and

administration of a bispecific antibody are cheaper than the production of two specific
antibodies, the use of such bispecific antibodies has the advantage of reducing the
treatment’s toxicity. Indeed, the use of a bispecific antibody makes it possible to

5  decrease the overall quantity of circulating antibodies and, consequently, possible
toxicity.

In a preferred embodiment of the invention, the bispecific antibody is a bivalent
or tetravalent antibody,

Lastly, the present invention relates to the antibody described above, or its

10 derived compounds or functional fragments, for use as a drug.

The invention also relates to a pharmaceutical composition comprising as an
active ingredient a compound consisting of an antibody of the invention, or one of its
derived compounds or functional fragments. Preferably, said antibody is supplemented
by an excipient and/or a pharmaceutically acceptable carrier.

15 The invention also relates to a composition characterized in that it comprises, in
addition, as a combination product for use in a simultancous, separated or extended
fashion, an anti-tumor antibody other that an antibody directed against CXCRA4.

According to still another embodiment, the present invention also relates to a
pharmaceutical composition as described above that comprises at least a second

20 antitumor compound selected among the compounds capable of specifically inhibiting
the tyrosine kinase activity of receptors such as IGF-IR, EGFR, HER2/neu, cMET,
VEGFR or VEGF, or any other antitumor compound known to a person skilled in the
art.

In a second preferred aspect of the invention, said second compound can be

25  selected among the antibodies antiEGFR, antiIGF-IR, antiHER2/neu, anticMET,
VEGFR, VEGEF, efc., isolated, or their functional fragments and derived compounds,
capable of inhibiting the proliferative and/or anti-apoptotic and/or angiogenic and/or
inductive activity of metastatic dissemination promoted by said receptors.

Also suitable for mention are antiCD20 antibodies such as a rituximab,

30  ibritumomab or tositumomab; antiCD33 antibodies such as gemtuzumab or Hntuzumab;
antiCD22 antibodies such as epratuzumab; antiCD52 antibodies such as alemtuzumab;
antiEpCAM antibodies such as edrecolomab, Ch 17-1A or IGN-101; antiCTP21 or 16



10 for [1251] SDF-1 at CHO-KI membranes stably expressing human CXCR4 receptor This assay
allows to evaluate the ability of 414H5 and 515H7 Mabs to compete for binding of radio labeled
[12511SDF-1 to human CXCR4 receptor, at either orthosteric or allosteric binding sites. CHO-K1 cells,
stably and coStti{ARF3Axpressing human CXCR4 receptor 15 were obt&RErapsserasisfection of
nave CHO-KI cells (ATCC CCL-61) with a mammalian expression vector carrying the whole coding
sequence of human CXCR4 receptor (RefSeq NM_003467). Cells were propagated in complete
culture medium [DMEM-Ham's F12 supplemented with 5 % fetal calf serum (FCS) and 500 jig/m1 of
geneticin]. Radioligand binding experiments were conducted on cell membranes 20 obtained upon
mechanical scrappiibedie€ HRICXCR&cells imiipisAbaffepfepiiss20mM, sH' 7 UCHaG | THANIY]

followed by centri;mml(;&%%geslamiggééﬁ‘%%#%%ﬁo} gif_}tgig.gaggﬁ%g'g}éi%%ﬁ%{a%goo i/mmol)

was performed using the SPA technology (s on proximity dssay - care). | ri%?ly, cell
membranes (30 ri AerantieLBataabadia dinerbesfarifopoet2 OmMNEQN ZuibGEG1 gk, MgCI2

5mM, 25 NaCl 15l BSA ihBehiagriber aith £ompannoLin.svaluate LS REakat nAbsadigigand (1
nM) and finally SPA-W _A-PVT(beads,(?.S mg/well). Binding equilibrium was reach after 1H at 25 C.

Upon centrifagatitif: §FEr A0MAHZRe SpH S1etiEsrreh g EIBLES 1uiBEMite counts
were measured inmibsdilatirasqunteroTn P Cougs, "Redsor Elter) shan-spediier bindincwasyestimated

in the presence of M of unlabell 1. . Unlabelled SDF-1 dose-dependently inhibited
[1251]SDF-1 bind?ﬁg&%v(\%{ﬁsa Sb%g‘ vﬁfue?ﬁ@%ﬁz RUHP OSHEE LBy B0 88 inhibithon 8dpecific

[1251]SDF-1 5 bit@WgnBEL7; 26tiTr2il-RMafnibé)idsigurie 3 AR MR I thebsarMe expermantal conditions,
our anti-CXCR4 Mabs ( iciently competed for [12511.SDF-1 binding with the following rank
order of competition effi%:ig{;:)g}/{!3 %ﬁ%ﬁ%%ﬁo%ﬂ%@%&@%@iéﬁ?%%% 4 ﬂgwd(ﬁgﬁl%ﬁ'ltﬁfbure 3B).
10Examplels} Madleasohest {3538 GTRyS:Hindifysddteiulas membianés expragsingwildriet CXCR4
receptor by antGYGRAMAA 1AM AaAN SISIHE wc. ISR AR glows 1o monior ©

protein activation via wild type human CXCR4 receptor and its modulation by CXCR4 ligands and
414H5 and 515H7 mAbS HHRAREAE3 wsils Wemly Hitd wbpisitatien ekpbetsisgummmgpeot XEeR4

receptor were obtaingshiesHesarngd in thaexanpigalaye for CHO-Kt cells. HeLa (human cervix
carcinoma) cells were gy, d in complete culture medium [EMEM supplemented with 10% FCS,

agated in | ull /
1% L-glutamine, 2 g. sodtHH BfeatBonBE] S8BT fdity SWas Fdtoriisa®suBrerathfmbranes
obtained upcn méchanipatisorappingied2n disiaddiertHopas 20mM, pH 7.4, NaCl 150mM] and
further centrifugation (10000 5 min). Incorporation.and detection of [35SJGTPyS (specific activity:
1000 Ci/mmol) was pen%%(rgr?g éslslf%%t s Sp %esgﬁ%eg%‘éeya(f%]ﬁfﬁfﬁ%ﬁl él%gﬁﬁﬂllﬁpgggg dsfthe
Healthcare). BriefiyrpesitivareininoesiSidgivealijtimerddsggeofated in binding buffer [Hepes 20mM, GDP
3gM, MgC12 10mM, N RH=% together. with compound.to evaluate
(SDF-1 or Mab of intergjsc%%eﬁgqgg?g{l% IES&SIT I%%mgﬂf%%fzg dﬁﬁ%%ﬁ%&%éﬁqsﬁ%{&&cﬁ%ﬁnglwelI).
Binding reaction fBSSpErymBCHGEE1tIsalsBer s shittifatatotid e6og gfftrel@tibmiy refdioactive

counts werggmeasyaddiigmSs r&@ﬁﬁ@éﬁ%%%&ﬁ&%%ﬁ%@&%ﬁ%@ﬂ@%@i&‘@@&%}%’ was
calculated by applying the Cheng Prussof equation: 30KB="[cone antago]/ [[EC50/EC50)-1) where

EC50 and EC50 578 rA00 R FRPI SRR A6 Binee PR (Herd hEchermnegiiva sbitee BT oD

relates to the possibility of using lower effective doses of the active ingredient, thus

making it possible to avoid or reduce the risks of the appearance of side effects, in

particular the effect of the cytotoxic agent. Moreover, this composition makes it
25  possible to achieve the expected therapeutic effect more quickly.

“Therapeutic anticancer agent” or “cytotoxic agent” means a substance which,
when it is administered to a patient, treats or prevents the development of cancer in the
patient. Nop-limiting examples of such agents inciude “alkylating” agenis,
-antimetabolites, antitumor antibiotics, mitotic inhibitors, inhibitors of chromatin

30  functioning, antiangiogenics, antiestrogens, antiandrogens and immunomodulators.

Such agents, for example, are cited in VIDAL, on the page devoted to

compounds related to oncology and hematology under the heading “Cytotoxic”; the



WO 2010/037831PCT/EP2009/062787 60 SDF-1 induced a dose-dependent increase of
[35S]GTPTS binding, as the result of G protein activation by CXCR4 receptor. Maximal stimulation. of
[35S1GTPYS binding represents respectively 167 % and 320 % over basal [35S]GTPyS binding for
HelLa and NIP{8®81¢98T8/4 cell membranes. The potency of SDF-1 was SiEEPI§WSHTES cell lines
and corresponded to 41.3 9.7 nM (Figures 4A-4B). Under these experimental conditions, the
antagonist potency of 414H5 and 515H7 Mabs, as detésmined in NIH3T3/CXCR4 cells was 51 nM and
15 riM, respectively. Similar antagonist efficacy was observed for HeLa cells (Figure 5). 1 OExample 6:
Association of CXCR4 with different interaction partners: home and heterodimerization, recruitment of
p-arrestin via a bicitaieinescencardsonahbe miergydranbdierd(BREER) appeiethacid effeetfofrdd4115
and 515H7 Mabs&%gg (Q&g‘rs This functional assay allows to evaluate the conformational changes
induced 15 upon SDF-I an%/or 414145 and 515H7 Mabs binding to CXCR4 receptor at the level of
CXCR4 homo-dimer and’x R escaiR acistcio ainebstmeation can il 2o thientéeuithentaf the
P-arrestin-2 signah&esgamﬁ@ialozecu%feﬁ&ﬂa{%%ct%%emg%tmw?maﬁ%dc@f%%ﬂﬁﬂ&aﬂners

were constructed as fusion proteins with the corresponding dye Reniila reniformis uciferase, '20 Rine

and Yellow fitiore¥cehebrotayirtipe pIasa pBigiAcE coHRETRo mR e c8iaR bisloBy TelortthfmsaETwWo
days prior perforrsingaBiclexprifnants, HEKRIRcellspuanedransientlysansfested yithigxpression
vectors coding for the carresponding BRET pariners: [CXCR4/RIuc + CXCR4/YFP] to study CXCR4
homo dimerizatioh %ﬁl/ﬁ%%m&ﬁﬁ.fﬁpﬁi’}?ﬁpit?}é‘%?wé}hﬁf éfﬁ‘d‘@&@%’ﬁ&%r@&%@%ﬂon and
25 [CXCRA4/RIuc Beérs2niieP)] tolfilisfaiiE Ry rifeshatédt rensitittnentaf 2@sdcrestinis Thelday after,
cells were distrib 10, poly-lysi re-coated white 96 MW plates in complete culture medium
[DMEM supplemg%’?t)ceé%}ﬂ\}\’/it‘h{)(ie(%fl S/Jggggg %néelI%rwéhtee%ﬁ%gglé?iltivlg#eﬁ%utrgafc \?V‘Ijloﬁg c&2 S8ERGer to
allow cell aftAchniEpptisatiacpintem@site welenthesimstatvgcswitm2e0spohRMEMM el owendighior
Immediately priog g, e BRET30RXREGMENGDMEM WS remavadandicells yare auiskiyyashed
with PBS. Cells Wrg?e then incuba?ed in PBS ira1the pres’enc{é or absencg of an%bogf%éhr%%%ét 37C
prior to the additiB¥eBPIEEBterdapiatine uM with or without SDF-1 300 nM in a final volume WO

20101037831PCT/EP200/a6243Tit61 effefl to AftatRakbatieR fanfdktherdQMinies al-fffar
light-emission ac)g(léiis% n at 485 nm and 530 nm_ was.initiated using the Mithras LB940 multilabel

reader (Berthold V8|8 AP S b R50H8 HHE S RSBrRBRE e ot R AmRes Of BRET
ratio was pefformadmassditauslyingsdebednibngresft,al., 5-200nRemissimbIRian} - (empission485
"in) X Cf] / (emisﬁgg%%gﬂgr .&{herecgegit @gsionaSB L") / ecrinis 1on485 urn) for cells expressing the
Rluc fusion protein alone tnder the SanTa axparimantal Son e &fin sy it 85045 Shows that
BRET ratio corresporiemiihe (@il 36/486enaniobtéiAE@)widortdestwea BRESIpaMisrsdidipresent,
corrected by the atio. 4 tai rimental 10 conditions, when only the
partner fused to %ﬂgﬁ%%ggﬁﬁ%tﬁhge%a%g )‘f% %%g%egﬁ%gg%%%ﬂ?y, results are expressed in
milliIBRET units (mBU); mBresdéspbirds foreher BRET sempavndtiiie s by noent or Sbibit (300 nM)

increased by abyh2R% sheBRERsinalsesHing fiombrsnatiakaximity aiiheadapterand
acceptor proteins fused to CXCR4 receptor, it is 15 likely fo indicate CXCR4/CXCR4 homo-dimers

formation or confFREHRIFE cHAMEERF Bre-Kaaihig HinvalLbig re@ipkanireR) . fadnasnigly, SDF1

(300 nM) decreasgthynakiousizadydhe Bl abiasuling ffamibaspatial proximity of the adaptor
and acceptor proteins f%%ed to CXCR2 and CXCR4, Iik%rlgpindicating afs well CXCR2/CXCR4

hetero-dimers formation 6F E5h TSI &GO N BT T Eh D Bt ePEREERTp 2 6 i sRl @ifined @Eosd 6D). In
this latter case, 3D Eeheadtivatedichrifoimdbiosr0bC RGRACHCR 28 epriiess davaiahiefor BRET
energy trangfer. S 4H5 and 515H7 Mabs.were. able to modulate SDF-1-induced
conformat%sngal c@ﬁ%@s&%r@éﬁﬁ %%%Fdi#r?éﬁ}sv(g?%l%%b%ﬁoﬁug ﬁ&f—lr%tﬁ%%d Tcrease
for 414H5 and 6919¢4sinioiidVispSIbRe drcditise dapatiETofichebisegonisssH7, Figures 6A and 6B, 25
respectively) as well as{ar i GRARNERS bewRips el maion 60,4 lbipiien of pifgrnduced
BRET decrease for 414H5 and 90 % inhibition of SDF-1-induced BRET decrease for B1 , Figures
6C and 6D, respBetikaR Auugiismipg o mspieinnhpsshipre chrssalite ckhatl tRasisperfspidetuds
CXCRA4/CXCR4 ENG£x4pB2 3 %GR 4shstiatprasimity tespastivei-indicatingaaisfiuensg ofs#14H5
and 515H7 Mabs on both 30 CXCR4/CXCR4 homo and CXCR2/CXCR4 hetero-dimer conformation.
(Figures 6R,O6B,§§EV§HH%E§}‘.C 38 IrINCQRRATACRIIER B ST BSER MY FEBRHIS sthpRg de
recruitment of thehisishgie!midcignsidag molecule p-arrestin, as shown by the 233 % enhancement in
BRET signal (Figures 6E and 6F). This recruitment was partially inhibited by 414H5 and 515147 Mabs
(about 20 % inhibition for 414H5 and 95 % for 515147, Figures 6E 5and 6F, respectively) showing the
-effect of Mabs 4141-15 and 515H7 on signaling. Example 7: CXCR4-mediated inhibition of CAMP
production This functional assay was designed to monitor CXCR4 receptor signaling at the level of
adenylate cyclases via inhibitory Gi/o proteins.



10The cAMP LANCE procedure (Perkin Elmer) was applied as detailed by the supplier. Briefly,
NIH3T3 cells stably and constitutively expressing wild type CXCR4 receptor were obtained and
propagated as described above. Cells were collected using the trypsin-free agent Versene and
resuspended™ AYH8Htration of 106 cells/ml in a solution containing tHECATERHALB2BHUNd anti
CAMP Mab (1/100th dilution) and 15 compound (forskolin, SDF-1 and/or 414H5 and 51 5H7 Mabs).
Upon incubation for 30 min. at room temperature, the détection mix containing the
Europium-Streptavidin (1/125th dilution) and Biotin-cAMP (1/125th dilution) complexes was added.
Upon incubation for 1 hour at room temperature, the resulting FRET signal was measured in a Mithras
LB940 (Berthold) multilaive! tesagodaie asarxgregsedngithat, avtatbirary 20fhidhestenbiaihes or as a

relative Stim”'atiOQré(\_%fﬁuc?fQﬁ?:':blofﬁs99&%%.939&:?#%%?%9&8 ﬂggnﬁé Sfiathe, wﬁﬁﬁkqlganxg K)
dose-dependently stimulated cAMP production with a potency of about 0.3 gM in NIH3T3/ R4 cells

(Figure 7A). In the"88 e deridio M maptahtptEnaitt-campiatials Hocraastld demaslCSiinhibitory
Gi/o protein activatigrsy 2aiéi¥GRdcecentoy, ThewetanoyabIP5diWasbd mide NIficigyse 7A).
414H5 and 515HMff'c%nﬂg8£hibited the forskolin-stimulated effect of SDF-1 (100 nM) by more
than 60 % for'41 ’b§7 DI tha HHHARRS, SPERTS i Sie 78s: SUCORS s bR ation of
[39SIGTPYS bindEgIat TiMldntertaiinalrie $N30expiadssngicand itively active mutant Asn119Ser
CXCR4 receptor by Mabgrﬁl%4t%15e angrS%gt%ol% Vg ZQIilisot/,O?:e?erss’ PCJ/EE%QOWO%% 7 63 This
functional assay allows to monitor G protein activation via a consti U%I\yer Aetive mu anf’fcfﬁﬁﬁ\sﬂ’)
Asn119Ser CXCRAt#eweptorasaehibitangeesn, 2008). Ehisrgpdnsitl swdsagaliowstdadissifiminate
CXCR4 ligands bagedpndneiciniinsicackiatisl agonisl lnk AUABANSL grdersgagonis!). As
previously described by Zhang 5 and colleagues, CXCR4 ligands such as AMD3100 or T140 behaved
respectively 8s partial agHidpdREcY EF s @RIt UGN C XERY oap B Taastifiestivdustsilent
antagonist may b&@ﬂé@%&ﬁ&s%?%}ﬁﬁi@s%ﬁ&%é@d&@iﬁﬁﬂ'ﬁﬂﬂﬁfegi§PL§a¥i§;&@l%%&x%ﬂiﬁgﬂ'§c§:f%Q9ﬁm&C“Ve and
inactive states of CXCR4 (Wurch et al., 1999). Introduction of an Asn119Ser mutation in the coding
sequence of CXCREABI e P AT e rSPRICABTCRSSIy if BN oA ol e B Bidfogind
techniques (Quickighiamge. site directed mutagenesis kit, Stratagene US). CHO-KI cells stably and
constitutively expressing CAM CXCR4 receptqr were obtained as described in the example above.
[35S]GTPyS binding nguﬁlélﬂ%l??ﬁg%%?{%%ﬁ?u?é?’%ﬁ?ﬁf R ‘-’%B{%fﬁé dﬁgﬂuﬁ?e%ﬁgﬁﬁ’ilcg BSing in
lysis buffer [Hepes A0nnivkppiddridtoMaidhdtsOmivtfand Ebtérrthiancantiifiagatidesi@BO00@ TS in).
Incorporation of [ JPeys. ifi ivity: 1000 Ciimmol).was performed using the. SPA
technology (scint?ﬁ%ﬁﬂgﬁkﬁ%ﬁ@ggﬁ%&F ix-fé%eilt?'lucnérléf rieh ,%%:ce ?ngeur%rgasngsS %‘Iﬁg}%e% were
incubated in binditbebitres pfapesaommuiaDP Srhms g, [tmftanNacp oo/ pEDwdMM,

pH=7.4] together il campannd JR.YALIALE (P 6 T ALARGRR) i SRR (P Left ¥ 40d 20 finally

SPA-WGA-PVT beads g.S r%%/well)..Bln ing reaction was performed during 1H at 25 'C. Upon
centrifugation [1000 g forL & HIE eailsat fvesed shited irdhh et sireteier dosBipimanisn peklifad
(TopCount erkinyElfctionch (KO SMNEHpIaIECIRBRIGT Mus:iinlinadsy 480 ApcThe Iverse
agonist T140 inhirgi}t?ed both bl[?/é\al (-17 %) and SDF-1-stimulated (- 159 %) [35S]GTPyS 25 binding. In
contrast, 41 4H5 SPETEHP Mab S BERRIHUZS SERPERPSHEMN R ERIMERIRAN i aring
basal [35S]GTPyS(uinetin@g£Fig0sd 8 )Faettciftibiting SDF-1 induced [35S]GTPyS binding (Figure 8).
Example 9: Inhibition ofig,lgF-%ﬁin uced I—#ela elllrg ijerattion.g?y CXCRt4 30 Mﬁlb 414115 in vitro

HeLa cells from ATCC were foutinely Euttdred in R%@Rﬁ%esgfurﬁo(tﬂ Aa Corporation Ve &,
Belgium), 10% FEBnSIGhp@dnsbratiomeStidisn WAk ¢ytddxic GlatamibeutithelrogeriCarporation.
Scotland. UK), 2%:398i154 %@%@@%{a§%§%jution (Invitrogen Corporation. Scotland. UK). Cells

were split 3 days before prdliferation assays so hat they were confluent. - SDF-I-induced Hela cell
proliferation 5HeLa cell§iaetinesty iprderipé Pabodenculiadrnararcat welenditfasterised od bells/well in

200 dl of serum fige aSkuTEEMIRMAmENT: RiScldt kofBh WRINGrait SR IsaLhONRG:( 5%

solution). Twenty four hours after plating, appropriate dilutions of SDF-1 were added to HelLa cells.

After a total of 7P FRSEHL T ABNRInE e YL BHINRH RO/ DS ’RERDS [3H]thymidine (Amersham
Biosciences AB. Uppsaia. ctcB\teedrilither bobiogrsefharmaghityeaoxid iy aidine ineaneayated in
DNA was ntified by. liquid scintillation counting. Results were, expressed as proliferation Index =
[mean cprﬂ%ﬁ ceﬁ%cgréﬁ:-tf IR BH %lﬁf%nt)fsé’gﬁgglgﬂﬁqi s canwpfeﬁxétr(’%ﬁﬁffe%g%‘%%ﬁgmth SDF-1
(0 to 1000ng/m1 ko8PEdAdstimbiade duich S \itropd bidligedscirbiter atibrtbyicte dold or The aanincentration
of SDF-1to obtaic{&m?

or, in another embodiment, said cytotoxic agents’ active derivatives, into which



highest and reproducible proliferation index was 200 ng/ml (25 nM). - Inhibition of SDF-1-induced Hela
cell proliferation in vitro by CXCR4 4 14H5 Mab Hela cells were plated in 96-well tissue culture plates
at a density of 1 x 104 20 cells/well in 200 tit of serum free medium (EMEM medium plus 1%
L-Glutamine PW8¢E98R 1 bicarbonate 7.5% solution). Twenty four hours ZESYEIMNGEHFropriate
dilutions of anti-CXCR4 Mab 414HS5, diluting media were added in triplicate to HeLa cells either in
presence or in absence of SDF-1 at a final concentratiéh of 200 ng/ml (25 nM). After a total of 76
hours of culture, cells were pulsed with 0.25 gCi of 25 [3H]thymidine (Arnersham Biosciences AB.
Uppsala. Sweden) for 16 hours. The magnitude of [3H]thymidine incorporated in DNA was quantified
by liquid scintillatie#yedaening Restiténaseneysrebbe diasatfiogtedth astib antiaxyalcul die dissing the
formula: Fam L it + e |
30incubated with %ﬁjjﬁ%ﬁ%}%@%ﬁ lj)éx 10902%%%5#\%&% %%%%%yﬁtégé@%%%% 3341-15
on SDF-1-inducedHBissdda msvsifeiat, DEEHH ARSI HeLa cells were incubated with either

s a1 65 OB IAASD G O SPAE  DRrn
elLa cells o) s). -response curye for ab was obtaine reating cells wi
serial two fol dnu‘ﬁl oi rgsa%g ﬂﬁﬁ?ghjﬁyﬁ%ﬂ{’é&%@@tﬁw PFARrateae) Iﬁ:ﬁ%‘ftﬁ&%@égﬂ%@raﬁon
VI\\/IIaSk; evaluateo: 7§3mw§shfmﬂpldﬂ0gxﬁm¢ktﬁgtedﬁ )%ﬁ@@ﬁ}ikﬁm@msmadxuﬁﬁéﬁﬁ &h@m@ablg@tir?ﬁ to
ab or control. ere, ex affect ti rmula descri . The
results (represené%%%%ﬁ?g)g) s@o-wed that ¢ 4¥%§%W ﬁéﬁe@%ﬁ%’f—in% g%fa cell
proliferation in vitEb?OY._@E'SOa:nﬁf'rHe H0: EffptebiantHOXCRE MBlysmadd/Sog@n) SIB10330r(SEed -
induced U937 celig,mighasign. payi, ¥aMAESHeiphRENgeliae! phihe. amileeX gg{%ﬂ%&%ﬂﬁnal

antibodies 414HS5 and 515H7 on the migration process, 100 000 U-937 cells in meédium
supplemented with 268 rets Ayt B¢ i ith E3asperesidviisabeinh iR bR achahipbeing2A wells
plates with 8-iim perRsizRkeithekROESENSE qrinialsanceralsRE)n Hiiowanpas glithswells and
with or without Mgbs 41;%2-1 and 515H7 in the upper chamber. In this test murine IgG2a and IgG2B

were introduced A819EBY SE-SortbMeElo Kol YR EBlatit]) AYigFiarhgResnerdier&GEuftEen The
results presentedinifigBeagtdAriena PAS- 380 108 4enAlibdkid), demonstriedthieas expaeted
SDF-1 was 20 afle to induce,a sjgnificant j of U-937 cel igration. No_effect was observed
when cells were ?ﬁ%%%%"%f %@ﬁtﬁgg@ggs@%mr#%”&%t&ﬁ riggég%&f’t?é%é:&ﬂﬂﬁ%e 414H5
and 515H7 MabsWaisigaificBmtkandngbesdisilie Henreds&iW-SRIBM (iGinosd KD3T30¢!lgymigration was
observed : 50% w4 .than 80% with, 515E17.Mab. 25 . Example 11:
ANt-CXCRA Mal %@é@#gﬁﬁ gﬁ%%:\eﬂ? é’f§ gﬁgﬁqéé}gé%??f?u%ﬁﬂ?‘a}%%?ﬁ%ha g‘é’«?‘i?@?ﬁ)mme The
goal of these experimedBaiss aspesiailithe wentiiityebitentt € XGRS Uard M5 and i5.16# Atto inhibit

the growth of MDZ3MRs231sxanaaiafkio NediB el Migee P MRAMB; 231680541 gﬁ&c& were

routinely cultured in DMEM medium (Invitrogen Corporation, Scotland, UK), 10% FC gma, St
Louis MD, USA).SeRfisihreratipd ancruyrspdrsit &sghisfeniorinendiat #iedioierem-exponential phase

of 66 growtln Ten miIIi@aeséﬁa;l,\/bs'r@%ki@qﬁssw&rﬁ@@ﬁﬁ@éﬁﬁdmfpﬁﬁetgﬁp%&ﬁglEhé\lg&%&igﬂﬂice

(Charles River, Fra . Five s after implantation, tumors were measurable (34 mm3<V3<40 mm3)
and animals Weré’rar?&%%td%f’éd ’ga%ﬂﬁg’%?%ltﬁfé@%ﬁt#@f}ﬁ%]ﬁfﬁlﬁlE‘fﬁm@%&@‘m%é?g-treated i.p.
with a 2 mg/mouse loadiig dosrablylaiG4bAkS and Maleobiditriaespactiveibly PsE@mdnige were
injected twice a vgg(%xqt }\mg/dose/mouse of Mab 414H5 twice a week or 0.5 mg/dose/mouse of Mab
515H7 three time a WeeK. A PBS group was introduced as a control group in this experiment. Tumor
volume was measured Tiicewiwiesiikran dreaferdatiatiyb comebioad utettr/Gdtdpngih Xnntadidicl height.
Statistical analysisl,Qsie PREPrIRGd aheach %%,Slgz%éé§éﬂga%£f§§&hwmt” Ak pdfytaese

experiments, no mortalityiwas obs%yve_d durl?_nI treatment. C(;{np =d to ?—’BS roup, thefe was a
significant inhibitRsHasi¥mor iskeh, Biswatn Dmdratideep < Baipydmas St mabalply/dode or
515H7 0.5mg/dosgandstha aueragestidmpemyrlpine after 5 weeks of treatment was reduced by 82%
and 50% versus PBS for Mab 415E15 15and 515HY, respectively (Figures 11A and I11B). Example 12:
Anti-CXCR4 Mab 414H5 SEThARFHAI0I SS90 OEETIA Kithddesst one antibody of the invention, or

functional fragment of same™ refers to any means that makes it possible to bind said
30  toxin or said radioisotope to that at least one antibody, notably by covalent binding

between the two compounds, with or without the introduction of the binding molecule,



U937 cells from ATCC were cultured in RPMI 1640 medium, 10% FCS, 1% LGlutamine. Cells were
split two days before engraftment so that they were in 20 exponential phase of growth. Ten million
U937 cells injgstadqiga-4e; female NOD/SCID mice. Two days after impla@%mzmg}gﬁ?ﬁge treated s.c.
with a loading dose of 2 mg of 414H5 mAb/mouse and then twice a week with 1 mg o
antibody/mouse. Control mice received PBS injections as it has been shown in previous studies that
no difference in survival was observed between mice iﬁ?ected with PBS and mice administered with a
25mouse IgG isotype control. Mice survival was monitored every day. Results described in figure

12 showed that mice treated with the 414115 Mab had a dramatic and significant increase in life span
with T/C% about 343, %ﬁ%}’fﬁ&% &é%%%’b@%@gfa%’?’%{?“& gfﬂlﬁ%o har%&i%g?%?gg?i%s
designed to monibordixGH 4lterapid oEihn aibni v Stickrationiof tde, ph pspholipaderZopathoray,
inducing calcium li | o, intr ul (0 doplasmicreticulum. CHO-KI, cells
stably and consti#ﬁ%%ali%fgre?gﬁgﬁv&ﬁgt%% @%& E%Egtg?%%ﬁ%r@b%%%ggﬁgggﬁ%@ in the
example above. KhedmBidshydorhioidrbadimaleintdar clibinbls aiaoboBpich (RENBYasibn®) cells
were IOr0IOag@'fedsﬁb&%iﬂﬁ@!%%ﬂ%ﬁtﬂ@Q@é@t&%ﬂ@@[ﬁY@Md%%%ﬁ&pmmt%g Witk 1054,5CS] and
[RPMI 1640 supplemented with 10% FCS, 20 mM HEPES, 1% non-essential amino acid solution, 1%
sodium pymvate, "% PTIRARINE 2hsuriisiie RIS IFFpaRaEHD pilifauiaict UMLK BMWORlates at a

density of 100,008 «feltshiwdll in approprigieicsHiticy meribudpis- e sRMediousraahihaiere
conducting the e iments. Cells. are loaded with the fluorescent calci e (Flupo-4 No Wash,
Invitrogen US) in%%%%g k%ﬁ%?cfﬁﬁg%ﬁx,%ﬁﬁgy%tpﬁ%l, E’T%B%I?'ﬁ'adég@g}; %ﬂ/l]a'&}ygﬁami at37'V
followed by 30 mincaiir2s@GieSHHNELon by SDF-1 was performed by direct injection into each well. For
15 antagonjsyn experimgqls, 0k plMahaplien 8o Addgidiieeiuinthe leadine puffer avleast 10
mm. before SDF-1. Kinetic fluorescence measurements are performed on a multi-modé fibrEscence
microplate readePWﬁﬁ*ﬁ@@B@@%B@ﬂ&éﬂ?@W@sing the following settings: excitation at 485 nm, emission

at 535 nm, excitation enggials1 QP00 AEbIRMUNSHEIMR SR NGR RRCRENS £85Praadduring 0,1
second every second 20 and for a time period of 20 sec prior SDF-1 injection (basal s‘ié%)r;jaég._ Then 20
h

1.11 of SDF1 ardSHRIRsAmIPaisEretd drif ron NS b Sthrbperseraepertc tiscir s petigtental
condition is perfosmedibvelomicaiainehasiiopaachiwsl-aiefisst coreated by suhsirastingihe basal

fluorescence and the flugrescence emitted,by a control wel| without cells. Relative data are expressed
as a perce%t%gedggf'fﬁ’e%&?gﬁsﬁﬁw%&Y&H‘gﬁ Sﬂi‘a?f’ﬁeﬂlwlé’ﬁé-fn(fb@ FAhotS Bitedn P ovARRPnduced a
rapid and strong gedepsénaficiiracedylay caloierads fieconthlianind tHo/GXERLIAE BRM AMMetal
fluorescence sig cted.in naye )- K1 cells. The, maximalintensit C > 160 % over
basal fluorescenggﬁlﬁ%%v?a%%%%%ifvgﬁ s a@jﬁ Z% escglg.l%pegnaéﬁmu ationa%%ogD)Ii—é?;?Sir?%:P Rifbtic
curves were 30 d8Ehiddwith both MDA-MB-231 and U-937 (Figures 13A, 13B, 13C), although the

maximal fluorescence iﬁ@nﬂ%ﬁ‘fe?B'I_*P%(%%tﬁ%éﬁ@@ﬁﬁﬁ%%&%%&%Oa%g%vﬁrfdb %%l%ﬁ%‘@elSH7

antibody (133 nM) yielded a strong and almost complete inhibition of the SDF-1 (100 n induced
calcium sighal in"aHeh reagriasstbee vidaivipees in drugend hindogn cihe- OXGHEME D 13
inhibition of T-cefdfHRE AR BteN AU ALRIBO I Ot RNRARGILMICE: of IBRERR! QIHYS
experiment was tg evaluate the ability of anti-CXCR4 Mab 414HS5 to inhibit the growth 6f KARPAS 299
xenograft in Nod?% TeEh metaHags s e o RonRRt BEh ety el bsTmERFis Mt HieanprrP M|
medium, 1% L-Glueaet, 30% £GEiDIPRATSHOUWSIPbISH) ricailsivaiacsaiitdShaurs bafase 1 0
engraftment so that th%/‘e ere inre>§p?§§£_ti | phase o‘! gigév h. Five million ICARPAS 299 cells were
engrafted in PB 0 Fweaks oid o Sé’?’(ﬁﬁg e er, France). Five days after implantation,
tumors webmeasurabldsBrefmakly 3sdid rarnBhanchanamtitiedyecd dividecidnttiorg rivupsngf Gefice with

comparable tumgr si ' t d.i..p. With a /mouse loading dose of 414H5.

Then, mice weregﬁgrﬁ?gg‘g%vggg%?vég‘@ Eg% igm%%tggg ?n%%%’geggsmg %}‘h %gIB\eE’% %%r?)lﬁ‘ﬁew%s
introduced as a EesAtdot epaueTant wiekpesiie igngnisr volume was measured twice a week and
calculated by the formupg: 7546:% lenathawislh Xdagiakts Siaristicabanaly Sisweis:Rerfarmgd at each

measure using a Mann-WhltneggtPest. In this ex&grlment, no mortality was observed during treatment.

Compared to 20PISEEAGPERS, aHEH (isadsd fgn He ke TRRmHSM 6R e kG QhAsISEtween D7 and D33 (p

< 0.002) faa#14HS Malingidane anddtieruamaeiwdes alime affesd wesksof freatmentwas

reduced by 73 % for Mal%414 5 versus BS (Figure 14). Exar?ggo 5: Anti-CXCR4 Mab 515117

activity in U937 compound. or funcipnal fragment” of” sare, pre y humanized, and/or of a

composition according to the invention for the preparation of a drug for inhibiting the



25 U937 cells from ATCC were cultured in RPMI 1640 medium, 10% FCS, 1% LGlutamine. Cells
were split two days before engraftment so that they were in exponential phase of growth. Ten million
U937 cells injected i.p. to female NOD/SCID mice. Two days after implantation, mice were treated s.c.
with a loadin§'838&86f B¥hg of 515H7 Mab/mouse and then twice a weekrgitfER2neg/@h 787
antibody/mouse. Control mice 30 received PBS injections as it has been shown in previous studies
that no difference in survival was observed between mige injected with PBS and mice administered
with a mouse I1gG isotype control. Mice survival was monitored every day. WO
2010/037831PCT/EP2009/062787 69 Results described in figure 15 showed that mice treated with
515H7 Mab had aeratnaficuand silinilieastaiirtasedilifénseaiowitialdClotab o 28 fortibatl 7 Mab
(Figure 15). 5Exa5nnge%@é@nti-Cél%RgrI}I}_Iﬁlgtgrl&%inheibf!ti of T-cey I%A PAS 299 xenograft tumor
growth in Nod/Scid mice ' “The gogl S S SRR RS A S TR & AR S8 b U 5 AREERERA
Mab 515H7 to intilsuipesiiowtirohK pRPrag029d xeénapfafcimddoprScitimice tE@ARRAS 299 cells
from ECACC were routi ' ' %:10 . - 109 igma, St Louis
MD, USA). Cells were S%%%H#éé&?? e&f%%%%‘?ﬁ%%&é%& fﬁ’gh%%égé&%@gp%ﬁséﬁﬁ prﬁgge of
growth. Five milli G F0RRINS J0g comssiebictt giarest rmimstrnl avewsks SINeIStidmiteitCharles
River, France). Fiyediaye, akendmplaciationHamoLsiie s MSasyiRRig 32 mm3< V3<49 min3) and

animals were divided intQ groups.of 6 mice with comparable tumaor size. Mice were 15treated i.p. with

a 2 mg/mouse loading doSe BYFAS ssgr pencernsrthe s o ap drd o ret Ay efvreawaend or

mg/dose/mouse diiddain5il Bihiiheht RBSagiQUENWES HTrodiscasbasieh CNEBb G CURJATEIS RXpGEMent.
Tumor volume was measured ice farwe?i{(Ia d cﬁ&ggied t%the formula: it/6 X length X width X
height. Statistical’aHalysia were peHormead At Gch meastrs Uging s ftann-Whitney test. 20 In these
experiment$ ’no mortalitymiastobspesved therimgstngtainventioonhperad thePBS gf abip athiésedwas a
significant inhibiti dumar gr }Q%\l;bgit 7 3 (p <.0.002).for 515H Eﬂlgﬁé&l e and
the average tumog;é%/(glfume aftzgeé%S ee cs\%gsfgté]%%t%%%g[r%v%?s lr%) ﬂ%%’d%y%%%e or glloaa \i/%earsus PBS
(Figure 16). 25Ex&Rpisian loeddBesiontly apm dOSCCTR chipteiri o it diadest SnasmidcBgRATic
Chimeric formatsfinadring 4d4krand 515H7 Mabs were designed: they correspond to the light and
heavy chain variable domains of the murine antibodies of interest, genetically fused to human Ckappa

and IgG1 constant dom&fé: R sotbedirbhidhe inysatineroper detred somnansie sr tanetieesion by
using the HEC2B/ERNA S55ieiR) willhe ReTRRAdERN] eRSIRN YEFIRE (MHASH M RNadBhation
2010/037831PCT%{%§%§3;)4§/06378,7 7%, Tgﬁ entire nucleotide sequences corresponding to the
variable domains™ PIRGTB 1% A PRIZHEH GATR IR SHR, BRIERY foarbsdineassed Bpgssal gene
synthesis (Genecusteiatedewitivarnr ghribhey wanesidactariechinio@addC ERA ¥ectatdtn\Wisegensdis)
carrying the entir ding sequenge f the. constant domain of either the light [Ckappa] 5 or the heavy
[CH1-Hinge-CH2$§ﬁ§ipt%§| s Sat%euf%lafonwllé%it?ﬁ%munogIobulin. All cloning steps were performed
according to conventiorial moldeciks Bielbigyorickniguek a8 deseribedtinathertiodyatoryniiag wal
(Sambrookgand Ryssek A1)l aGrUARGIRE SURRIERNBMSUANS FEAh genetic construct was

fully validated by nucleotide sequencing using Big Dye terminator cycle sequencing kit (Applied

Biosystems, US) 10and®analy$@80oustriing shotntesnensibedpaamimp priesibbideysedms, US).
Suspension-adapted HE{2935sBNAGEIRMMMIIOIRR. LbApNEre IRMtARY9rauain 250 i flasks in 50

ml of serum-free medium Excell 293 (SAFC Biosciences) supplemented with 6 mM glutamine on an

orbital shaker (LIBRSMTEEERS P EpEHOTraIesHP e serRRASHRAS IdraiRsedaments. 106 cells/ml using

linear 25 IcDa 15 polyethyleneipaiyeiéRi hr(Rolystieacasiwepssat mwatRhat a final concentration of |
mg/ml mix %and plasmid DNA {lﬁn concentration.of 1.25 ug/m1 for heavy to light, chain Masmid ratio
of 1:1). At% ours pos?fjéansfgg fc’%g,i} e & erlgswz? rdilﬁ?élatfﬂffﬁl%nél\?ol 315?’freéaﬁ%ﬁﬂl?re%edium
to achieve a finaimsihdebgitplotdd@Buslls/ml. Cultivation process was monitored on the basis of cell
viability and Mab produgtion. 20, Typically, cultures were maintained for 4 to 5 days. Mabs were
purified using a conveﬁfl)onal %ﬁrioma 6gr§€)#)}%§’p§p(\§gcf%g%gla ?r?)tea}lrllE er%asl}lr%i 8%%ﬁ|e%‘ffﬁ§‘aer"é°,su5). All
different Mabs m@@%@éb&é@&@?@%@%ﬁ?@%ﬁh functional evaluations. Productivity levels are
typically ranging betweﬁﬂ@ﬁﬁgeggsf%g/ﬂaé)f auilatMabsrepfyamnie i haypdatzatign Ry FACS

analysis of anti-CXCR4 chimeric Mabs e414115 and ¢515H7 binding specificity and cancer cell line
recognitiorr? IR RENERH MR TURPRILIRe BRI M g RIS AR BxomehgTakinciie Raeebirstiefvabs
c414H5 and c51H mwasi@xamined by FACS analysis.



NIH3T3, NIH3T3-hCXCR4 transfected cells and MDA-MB-231 cancer cell line 30 were incubated with
-10 itg/mL of monoclonal antibody c4 14H5 and c515H7. The cells were then washed with
1%BSA/PBS/0.01% NaN3. Next, Alexa-labeled secondary antibodies were added to the cells and
were allowed® @3t at 4C for 20 mm. The WO 2010/037831PCT/ERZUBRIOGRABRT 1 cells were
then washed again two times. Following the second wash, FACS analysis was performed. Results of
these binding studies are provided in the following Talde 5 which shows [Mean Fluorescence Intensity
(ME) obtained by FACS] that anti-CXCR4 chimeric Mabs c4l4H5 and c515H7 bound specifically to
human CXCR4-NIH3T3 5Stransfected cell line and also recognize human cancer cell lines, for example
MDA-MB- 231 breast cédniventagtsusighie prafdanshiiOchd SelddiMHhokicetdmessdiHS FEUC R4

MDA-MB-231 c4 tested. gH15 4118 . Example 19: Competition binding of
anti-CXCR4 mur#ﬁ%ﬁr{%aéﬁ%f%%%rﬁ%uﬁ%#éﬁ ‘éjfﬁﬁléﬂ%be‘?iié’%a FEM%H5 and ¢5151117 for
[1251jSDF-1 at CHQ-Kﬂtm@;ﬁbbarfé@t@tabw dxpessiribidlagient SXORA rdeptberein Thismpsay allows
to evaluate the abijity efoRuiRGMaPsMéh 4hiratPdibl ARl CUPEl6Mabs SIdH 3. Cal RE, ©

compete for binding of radio labeled [1251]SDF-1to human CXCR4 receptor, at either orthosteric or
allosteric bindingsiégraalciqielky Bans ot e yaameddnbiita ek s oneish § KihanreRe adaceptor

were obtained upgn kanstestientof have&ROHdeals (ATCC CCL-61) with a mammalian expression
vector carrying the who odi?@ sequence, of human CXCR4 receptor (RefSeq NM 003467). Cells

were propagated in co aétgn Ridve PhetiliReHISRAE AREIBAYS % 159 % p SN RSB A6t B fefdl calf
serum (FCS) andraf@ribgenidgefc26r génetletrleRaditdiggnh bindingexpermentziaigicondusted on
cell membranes %%%{%%lgpon rpechanical scrapping of CHO/CXCRA4 cells in lysis buffer [Hepes
20mM, pH 7.4, N mﬁ}ﬁr%ﬂowed by centrifugation (10000g, 15 min). [1251]SDF1 binding
(specific actiVity: 1500 CHenlabelpdvartipediormithasimentive IP thtetintiogy (stisgitlatisropraximity assay
- GE Healthcare). Brigafly, £ell angs: were | Bﬁﬁﬁ% inkingi uffer [Hepes
20mM, pH 7.4, Crggcﬁliﬁzéhnil\gf M%%@éhaﬁ@%%%éé%éﬁ% Htog t é{r%\%ith%gr#pcg%d l?g evaluate
(SDF-1 or mAb), Geaisnerriar( examplant it algyoma spel As porpiidess 4kains ghnsthaBistlindd-
equilibrium was reachaftasdH ahane- Ynamsentiifbaationd$a0 adesdQdmimbhyWle, acetyl-

2010/037831PCT/EP2009/062 /87
cholinesterase, Iysozyme, malate dehydrogenase or glucose-6 phosphate dehydrogenase

15  or by a molecule such as biotin, digoxigenin or 5-bromo-desoxyuridine. Fluorescent
labels can be also combined with the antibodies of the invention or functional fragments
of same, including notably fluorescein and its derivatives, fluorochrome, thodamine and
its derivatives, green fluorescent protein (GFP), dansyl, umbelliferone, etc. In such

~ conjugates, the antibodies of the invention or functional fragments of same can be

20 prepared by methods known to a person skilled in the art. They can be bound with
enzymes or fluorescent labels directly; via a spacer group or a linkage group such as
polyaldehyde, glutaraldehyde, ethylenediaminetetraacetic acid (EDTA) or
diethyienetriaminepentaacetic acid (DPTA); or in the presence of binding agents such as
those mentioned above for therapeutic conjugates. Conjugates carrying fluorescein

25  labels can be prepared by reaction with an isothiocyanate.

Others conjugates can also-include chemiluminescent labels such as luminol and
dioxetane, bioluminescent labels such as luciferase and luciferin, or radioactive labels
such as iodine'”, iodine'®, iodine'®, iodine'>, bromine”’, technetium™®, indium'!’,

o e 113 6T .68 . . . .
indium' ™, gallium®’, gallium®, ruthenium®™, ruthenium®, ruthenium'®, ruthenium'®,

167 03 : 99 s 101 . 105 : s
30  mercury mﬁrcuryz , Thenium™™, thenium'®’, rhenium’®, scandium®’, tellurium'2'™,

122m 125m 165 167 168
¥

tellurium =", tellurium thulrum , fluorine'®, yttriom!*® and

iodine®?!,

, thulium ™', thulium

Existing methods known to a person skilled in the art for binding



72 radioactive counts were measured in a scintillation counter (TopCount, Perkin Elmer). Non-specific
(NS) binding was estimated in the presence of 10 JuM of unlabelled SDF1. Anti-CXCR4 Mabs
(100 nM) efficiently competed for [1251]SDF-1 binding with 5 the following rank order of competition
efficacy (% iNHOIIEHIFHBE251]SDF-1): m515H7 (62+10%), c515H7 (55498 HRFRAMB(B85%) and
c414H5 (2110 %) (Figure 17). Example 20: Modulation of [35S]GTPyS binding at cellular
membranes expressing wild type CXCR4 receptor by anti-CXCR4 murine Mabs m414H5 and 10
m515H7 and chimeric Mabs c414H5 and c515H7 This functional assay allows to monitor G protein
activation via wild type human CXCR4 receptor and its modulation by anti-CXCR4 murine Mabs
m414H5, m515H7AdndatpeserithVatisodibdtifhec Qikbily. i a3 Tchelellspsiably antl sotisiBIivaly

expressing wild AP CRA/REPIRLIe Ue g Ablaner e deseibedin N BemRle bt Lo
CHO-K1 cells. HeLa (human cervix qarcfnoma? celfs Were prépagated in complete culture medium
[EMEM supplemépreibusichlading odiii o T ijutsnthresllgnnsod e dickaso fhtele{ SYG ERYS
binding was perfesragg, ghqoe anesabianediman weeanikakaernping B lusieRuiter
[Repos 20mM, pH 7.4, NaC1 150mM] and further centrifugation (10000 g, 20 15 min). Incorporation

and detection of [SHSHSTPS S bETRitaE VB 1D IO AN E e AbRshstbsdiny Hragpigh
technology (scintifisipndaardrystymssay - GE Healthcare). Briefly, cell membranes (10 gg/well) were
incubated in binding bulé% Hepes 20mM, GDP 3gM, MgC12 10mM, NaC1 100mM, EDTA 1mM,
pH=7.4] together with ¢ YR8 AR GHe < W PMbA flﬁﬂ@f@%ﬁ%‘%&f@’f*ﬁ%@@s 0.4
TIM) and finally SBYARY\EohaPdnteadi(g Smag/ welt) B iedistneaticonyasmiiauped dyinagd H at
25C. Upon centrig%gatigr‘}y L%ggglg efor %s-osirﬁ“% (r)%dljga%gge coupisyere measured in a scintillation
counter (TopCount, Berkin Eimer). 1080 Were Calcuiated 16r each Mab. Under these experimental
conditions, 1@so of m41aHiE; st EbhmBkseiT dosd 30051 b ridtalis iysidavereninpolinl” is any
NIH3T3/CXCR4 [V r [ (Fi 8). The ICso of
aLa5, cALa e T e e R Gy AR M A o,
experimental cortiRISRkA98s & enserRtion. audgens. Famlatiag 0.6 tiM, respectively (Figure 19).
Example 21: AssociatiomefieXGR4 with diffgeenbinteractinn ReUtRsts: SRepaansRstefogimgrization,
recruitment of lo-arrestin via a bioluminescence resonance energy transfer (BRET) approach and
effect of murine I@fg&’ﬁiﬁ4ﬁcﬁpﬁ}%5@5ﬁ? R et vBBStoneh Hngnent of seme opraieskiimmers
This functiarial asstayea)lavsno exmledhesoniounationatirhangesiodncadiypaniRDiztans/or
m414H5, m5 15Hgfngurin%¥§53 atnd CAh]14H5, and,c5 15H7 chimeric 1 m binding to CXCR4
receptor at the 1eVel 0f & KOO SSTHEF SRR RS ERE AR formation as well as the
~ recruitment of the 3-arrébtins2esigmalig pebteinto a chxpragtianvectorstinrdacihrofiioe dnvestigated
interaction partners.v structed as, fusion proteins with the corresponding dye (Renilla reniformis
luciferase, 15 R%cﬁzi;&r%@%%ov)\(/{ﬁjﬁg? X %?1? E%(]%ze%%?%g%)a ?5%%%%3%0%\’%&?%% er%%?e‘%ﬁ%r biology
techniques. Two days phigfeselionsitherBRETerpe innemiznMBIqROdust s seiteanjumientlillthansfected

with expression \egHHGRAING (of 106 ok esBRN RGBS NEIRErR (CXCRARIUC + CXCRAYFP] to
study CXCR4 homo dimerization, [CXCR4- Rluc + CXCR2-YFP] to study CXCR4 and CXCR2

[3

hetero-dimerization andJEXRaWAeY Faiption 3 akamacptiepk ol X RNt dREBVRbrdithent of

13-arrestin-2. Thexashafier orellsiyeurddiriluind: RHeabsing PEsssatadvhie 86, MW alates in
complete cuIture;&e}%%[DMEM sup Iemen{(gd with 10 % FBS]. Cells were first cultivated at 37C with

CO2 5 % in orde R aRscANe ittt 1 FIATEPBe AR rATOLTaL Rt JBD Aotive
DMEM/well overnigittokmiz)ediatelgpiionidhe BREF eXperimests 2b DY bMawas remevesd anrd cells
were quick 5wass’%§%i;vithig§0 mc%lles)rvx{ererégeniitnCL{bated §1 PB%in the [%{lesience.or absen(i of
antibody, 15 mm a E‘yprlor 5 the ddition 6f coe e%?gr%izﬁ'"ghlﬁp RRFRHEEr SRSt BDES 100 nM in
a final volume of30wh aftevilhbalsdpaddy S phirsoteskdte8 A€ thadriuntbeding ub dtiomforc 20 diitie at room
temperature on%&mﬁggmcg{%ﬁgt@ﬁ{gg&ggCg%%%gﬁ%%%t%quisition at 485 nm and 30530 nm was

initiated using the Mithras LB940 multilabel rea s/wavelength/well repeated 15 times at

room temperature). 74Preferzbibuineib AOSHBRES vetidoadmpaistnebyaty Peavio tsie degehlydkl (Angers
et al., 2000): fterpissiRASR) Mibhm(RBURSIORASAMIRLX iciahieRinsiongs HIboKh ek o - GIRiSsion530

urn) 7 (elTliISSIOR44g5 urn) for cells expressing the Rluc fusion protein alone under the same
experimentd] contMib Rt RlifhA GIMEOSHRAHRITENSHLHAE BRIPPYY Asterdigde fenuweatip ratio
530/485 nm obtaiikdadderninibersienBRiTR Dastoespeee piesenbwereetied by the ratio 530/485 nm
obtained under the same experimental conditions, when only the partner fused to Rluc is present in
the assay. For sake of readability, results are expressed in milliBRET units (m.BU); mBU corresponds
to the BRET ratio multiplied by 1000. 10SDF1 (100 nM) increased by about 10 % the BRET signal
resulting from the '



spatial proximity of the donor and acceptor proteins fused to CXCR4 receptor, it is likely to indicate
CXCR4/CXCR4 homo-dimers formation or conformational changes of pre-existing dimers (Figure
20A). Interes&r{}gzx S%I;l (100 rtM) decreased by about 17 % the BRET sri('rgapal resultin?% from the
spatial proximity o%ot’ﬁe donor and acceptor 15 proteins fused to CXCR4 A ERLI IS ély indicating
as well CXCR2/CXCR4 hetero-dimers formation or conformational changes of pre-existing dimers
(Figure 20B). In this latter case, SDF-1-activated confénation of CXCR4/CXCR2 seems less
favorable for BRET energy transfer. In both cases, m4141-15, c414H5 and m515H7, c515H7 Mabs
were able to modulate SDF-1-induced conformational changes for 20 CXCR4 homo-dimers (75 %
inhibition of SDF-1-indutBtr BRE PRI IS 4esme s hiedul sbond e s eiemp oo eiicbel BRET

increase for c5154dfermigedes2Mins wealaeferie Xl X6B4 helaiesimarioiaationstfil%
inhibition of SDF-1-induced BRET decrease for c}é%HS and 98 % inhihition of SDF-1-induced BRET

decrease for c51 5P ET SFES0B Y RASHHECR AT AP HER PGB 5P RID0S BRIt able to 25
modulate by themsedues@XE R¥ GXERY anid, GXORZ/CHKCRA fpatiehipioxinily tRspabiivelystindicating
an influence gf thg%%lj}%%%ion both CXCR4/CXCR4 homo and CXCR2/CXCR4 hetero-dimer
conformation (Figures and 20B). CXCR4 activation by SDF-1 (100 nM) yielded a strong
recruitment of the intracBiliflathsidgivemtigmislewaleofitzrrestinf as shidvedibythe 400 6 émivanoeiment in

30 BRET signal (i )ihEH dment jally inkipi HH7 Mabs
(about 63 % inhik%?#éftﬁ)tﬁ gﬁiﬁ 2??3%%%@ for 051_,@?ﬁ%?%?g@gg%iﬁ?%ﬁﬁé@}g‘% t]}agse Mabs
on signaling. WOOB SR AsEY p e Wb o BoRIoTIE 75 overespEfing SXWRACRA receptor-mediated

mobilization of intracell@afec BUMBISIRIRS and ANETLRSIENAhASHANGS dssigneginmeniier CXCR4
receptor sigr;L alin%via,stimula jon of the phospholipase C pathwaé/é inducing calcium liberation from 5
8&%@%@'

intracellular StoreSHERT I Fefrdifighres WhepsgsRade Al B RAEA 8o stitutively

expressing wild-type CXCR4 receptor were obtained as described in the example above. U937
(human lympho gated in complete culture medium, respectively [DMEM
supplemented wi PM' 1640 supplemented with 10% FCS, 20 niM HEPES, 1%
non-essential 10 amino acid solution, 1% sodium pyruvate, 1% L-glutamine, 4.5 g/1 glucose]. All cell
types were plated in blggk 96MW platess h%‘g‘f"@f fén I ILin appropriate culture
medium. Cells were starv%lg.overnighﬁ)eaéore cond%%%ng%ﬁé%%%i%ﬁ%s?%eﬁls are ef(r)zf&falksj With the
fluorescenticalcidfidyanatysis- epps¥irgsh, Invitrogen US) in loading buffer [HBSS Ix, HEPES 20 InM,
Probenicid acid 25 mMb{gir30 BhiswAEXTRALASRVRE DA% MR RLAA i SHRUALANRYESRE1 was
perfonned by direct jnjection into each well. For antagonism experiments, 10 gl of Mab’solution are
added directly inf3h&foading buffer at least 10 mm. before SDF-1. Kinetic fluorescence

measurements are perfeigined 9A asauliisreaste fluowsgentR M epkigs qidRsMithias 840

(Berthold) using th oilo ing settings: excitation at 485 nm, emission at 535 20 rim, excitation energy
at 10000 arbitraryl/mg%{fF ?(ﬁl%}gfégc&nh%g‘?n &c@&ﬁ?ﬁe%&ﬁdﬁé&arﬁﬁ% HgwsndRveityeelielind and for
a time periéd of 2@esécapeoSOREQ-Kjectin (hadbalsigraind vahl20pgl biSdFAROR MjEGtac£nd data
recording follow ; a lime.period of .2 min Each experimental condition is performed in duplicate.
Values for eachsv?/(%ﬁhg%é irs’(%g)nrr9 cetcéﬁcbf%ggé'racting the basal fluorescence and the fluorescence 25

emitted by a control weﬁé%ggyz&%umﬁ@i@wéa@?ﬁ@ﬁi&ﬁﬁﬁ{?&s RRARRERIRY Alifieppximal

stimulation obtained by 100 nM). DF1 (100 ruM) induced a rapid and strong release of

intracellular calci(figwerbtoAmdisARHE NohdRieRa Mhbyensmipting feSI6TRY Sijnding asstenseted in
nave CHOK1 cellg. (e paodmekintensitsr %B%ﬁ& res@0h %0 RMEF Pppal florescence and was

300bserved at about 40 sec. upon stimulation by SDF-1; similar kinetic curves were observed with

U-937 cell€ (Figures 2 HASSEB) SestirhEtc BeAIH 8 sl SHprqtes shinatkg iy dBH S XEBAGM#HS almost

complete inhibitian4pfshadSRFHY GPMeNDIRRGUEE Gatsjymisianald ik invasiigatad el lines.
Example 23: Effect of anti-CXCR4 murine Mabs m414H5, m515117 and 5 chimeric Mabs c414H5,

515117 on SDFEIS LAY IERE-hiyPAmN 00 4B evaluate the inhibiting effect of the

anti-CXCR4 Mabs m414H5, m5151-17, c414H5 a/gd chb15H %r#tag igration process, 100,000 U-937
cells in RPM' 1640 me](lj?grlﬁbssug‘éfegrl:nesrﬁ%‘ﬁ Whth SOSEEon W%zre pla é?ﬁgfﬁ%ﬁffpﬁ%%%}%%e‘?”
migration chambéfé(ant \isthsplawe spwithe8-dp (BDE-Jize)deityerintBiesexice tiHA avisence:0faSDF- 10

L in he owey pag iRl AR L WA MBPRA) LR 0B B AL OHT I

the upper chamber. In this test murine lgG2a uced as an isotype controls. Two
hours after platirf® #182RingteRd fvere b bateet dirprrirations T eusrsriEoai i EX SRR - GH R 4H5
versus m414H5) and 22B (for c515H7 versus m515I-17) demonstrated that, as expected SDF-1 was
able to induce a significant 15 increase of U-937 cells migration. No effect was observed when cells
were incubated with the 1gG2 isotype control. In contrast, for cells incubated with the c414H5, m4
14H5, c515H7 and m5 15H7 Mabs, a significant and reproducible decrease in SDF1-induced U937
cells migration was observed: about 50% with c414H5 and m414H5 Mabs and more than 80% with
c¢515H7 and m5 15H7 Mabs. 20 Example 24: Anti-CXCR4 chimeric Mabs 014115 and c¢515H7

activiivz 1In 11027 micea cirirvivzal model 11027 celle from ATCC weaere ctiltiired in RPMI 140 medinim




30administered with a mouse 1gG isotype control. Mice survival was monitored every day. 77
Results described in figure 23 showed that mice treated with the c414H5 and c515H7 Mabs had a
dramatic and significant increase in life span with T/C% about 210 and 180 for c414H5 and c515H7,
respectively. W3 2C15/7481 1. Process for the selection of an anti-CXBR4Eaetiledy7sor one of its
functional fragments or derivatives, capable of inhibiting activation of CXCR4, characterized in 5that it
comprises the following steps: 1) screening the gengyated antibodies and selecting antibodies
capable to bind specifically to CXCR4 and also to modulate CXCR4 activation; ii) testing the
selected antibodies of step i) and selecting antibodies capable to induce CXCR4 homodimers
conformational cHateye;dimelriheionl Giii) tEsingstheEsetrCter antinrliashatep icanthseleding.
antibodies capable to induce CXCR4/CXCR2 heterodimers confoimational change. 2. Process

. . arrestin). . .. . . . . . .
according to clalmri, Wwhiérein step ii) consists in evaluating antibodies by BRET analysis on cells
expressing both CXCR£Riras/GXBRABERathel mbibingodititbalinssdapdhtel waninbitoalleast 40 %,

of the BRET sign _Proce [ lakm. 1, w. in.step i) consists in evaluat
antibodies by BR%%%|5S%%80§ %;e S %&%Eﬁs%fg%é%ﬁgﬁﬁsﬁ%fc PRSI see?ftgé%ng
antibodies capabfé®@PiBhibit at least 40 %, of the BRET signal. 4. An isolated antibody, or a
derived compound or fupgtieng! faamat RbaamesyBerRIRGLLARIAGAPIHIRET PX BRIOESS 2

claimed in claim 1, said antibogﬁ 20 consisting of a monoclonal antibody capable of inhibiting at least
S

40 %, of the BRET &ighard il cBlistamradaripalothl G YR birding reoRes YRpusHIGr X CRE:

RLUC/CXCR2-YFRuit xsnms@&c&mmmgwr%@i QLvRASERTRIMANOr fuictional fragment of same,
capable of inhibiting activation of CXCR4, characterized in that the said antibody, or derived

compound or functionalH&gmeitsTasshe wubibenef WRd draurs doiestribrapliferationdyaheantibody,

or a derived compdatngli gH fumctignal fragment of same, 5 comprising: - a light chain
comprising, according ta.IMGT, the CDR:l 1. of the sequenge SEQ ID_No. 1, the CDR-L 2 of the
sequence SEQ ID No. ; STt CpRY 3 %%tﬁg‘)svéqﬁ ngg‘%’él@“l [9’II\I§D§;'<1{|% uced UPRL 6818 hain
comprising, accordgigrgtion| M@Kb IRrd @@RﬁiMfimlgeh lgersdquenne N@lﬁﬁ(’iﬂ@(ﬁgug%, IbB)GsDBnldb j 2 of the
sequence SEQ ID No. §:3nd.t -Ha:plihe seguencesSEQ ID No. 8, an antibody,. or a
derived compound or fun%i%’%na‘e r%%r%e’ﬂ%lgpé%nmoe, conﬁ’?gﬁgsr%? Xeno%aﬁfgﬂjtné%a%oé%%éﬁsﬁ%@

according to Kab& (RAGBRA145T (e aubifehdd F87SB QN DS @ the:CDR-L2 of the sequence SEQ

ID No. 10 and the CDR i ihea RCE: SRS RN Ak act ANSAVSHA ARSI
according to Kabat, theﬁé%R-Hl of the sequence SEQ IaD No. 11,aghe gDR-H of tﬂ%%s%%lﬁlﬁge SEQ

ID No. 12 and thé*EHRLTSHE the sequence SEQ ID No. 6; 20c) an antibody, or a derived compound
or functional fragment afigarie] SRMPOSIAGY the SDEONLERRALE CUBRASIRG. AECRIFINGIP WY GT:. the

COR-LL of the segyeqe,oEQ 10 No, 40, g CRRIL2 ofhe Seaeice SEQ 1D No. 2 and the CDR-L2
of the sequence éﬁ & a1HAd (Figu ) end MB-231 (Figure
. 13B), U937 (Figure 13C) cancer cells.
20 Figure i4 shows the inhibition of T-cell KARPAS 299 xenograft tumor in
Nod/Scid mice by 414H3.
Figure 15 shows the activity of murine anti-CXCR4 Mab m515H7 in U937
Nod/Scid mice survival model.
Figure 16 shows the activity of murine anti-CXCR4 Mab m515H7 in inhibition
25  of T-cell KARPAS 299 xenograft tumor growth in Nod/Scid mice
Figure 17 shows the competition of specific ['I]SDF1 binding by murine
m414H5 and m515H7 Mabs and chimeric Mabs ¢414HS and ¢515H7 on cellular
membranes of CHO-K1 cells stably expressing wild-type human CXCR4 (T: total
binding ; NS: non-specific binding).

30 Figure 18 shows the modulation of G protein activation by murine m414H5 and

m515H7 Mabs and by chimeric Mabs c414HS5 and ¢515H7 by monitoring [BSS]GTP"{S



79a - a heavy chain comprising, according to IMGT, the CDR-H1 of the sequence SEQ ID No. 44,
the CDR-H2 of the sequence SEQ ID No. 5 and the CDR-H3 of the sequence SEQ ID No. 45; and

d) an antibody, or a derived compound or functional fragment of same, 5 comprising: a light chain
comprising, &tcdiMgesKabat, the CDR-L1 of the sequence SEQ ID NordfahmdsibyRe2 of the
sequence SEQ ID No. 47 and the CDR-L3 of the sequence SEQ ID No. 41; and a heavy chain
comprising, according to Kabat, the CDR-H1 of the segyence 10 SEQ ID No. 48, the CDR-H2 of the
sequence SEQ ID No. 49 and the CDR-H3 of the sequence SEQ ID No. 43. 6. An antibody, or a
derived compound or functional fragment of same, according to claim 5, characterized in that the said
antibody, or deriveihdiagpapacar fundionaldragent etegmiesisaelagiedsia the greupreorsigting of:
15a) an antibody,q&&% di%gvegl%pogad functional fragment of same, comprising a light chain
sequence comprising % Sammo a i"gi eq‘b%{ﬁ‘ce SEQ ID No. 13, and in that it comprises a heavy chain

sequence comprising théigumring sitidrsdguandal SiaQoDiNaotd; anidjoarbaribiody (armiatied
compound or fungfi fragment 1l %}é@ ized in that.it compri light chain
sequence comprissipg the amino .a%j seq%se%ége g%e&%%%ﬁq%%r%% in %zftg:{%’r?ng igré%nét%gig\/y chain
sequence compriSifg@i&aminsiacidesequesace $SEQ: DukonSLnks 89ls stitulatediringhhgbiidbma
selected from hyl{@i@gﬂ@ filed at the CNCM, Pasteur Institute, Paris, on October 22, 2007, under
number 1-3860 or filed at the CNCM, Pasteur Institute, Paris, on June 25, 2008, under number

1-4019. 8. An antibadysecreigchiy the hyHidama.aeeardng-Sa Hain Lpa9- ARRNIRGdYQr a

derived compound or functional fragment of same, according to claims 4 to 6 and 8 characterized in

that the said antiSBA5eBt BERRETTBRBSTHY STitincavhay at SFdhmeredaBid e e hiltheric
antibody. 10nAbs andidgdyhoniacsesive doraped skanfunsienaHraumepbrisRmeragearding to
claim 9, characterized jp.that the saj i r.derived compound.or 10functional fragment of
same, is se(’?egc‘:tedp élﬁhéplg%%ﬁé@%hggﬁgégagéR%ﬁ%%%ﬁfﬁ%zg ¢itro 8&8%3.%69%5%@%
sequence comprisétgrdhiinamintoacitdstigues O SEY IR Nmebhtanddnithaint coprprsama heavy chain
sequence comprising the ami cid ence SE NoO. 65; ) a chimeric antibody, or a
derived compound or flr}ﬁl |oersi2§] raﬁrﬁggr%go??é%%%e%é‘%gﬁ%r%%ﬁ"ﬁaﬂ@gﬁ%r’f ST REeS Hprising
the amino acid sdddercEGHEQ4ID Migut6? Bhdant thal/ 30orelpr dasu@ BERYY chain sequence comprising
the amino acid sequen NQ, 67 isol clej id characteri in that the said
isolated nucleic acid is_SCigie)‘Ei’?c?;[edé gﬁgﬁlg t % (0 ovﬁghﬁ?u%: e?gqg%%sc:’%gg-ﬁ ailg h%g}(e{?géagcigj,% g?\l,&%i%RNA,
coding for arP antiBHEtie #5558\ Mtkombdiitand fefiditniiagieal afidaabs acddidingito one of

the claims 4 to 6 &dGAeriL;re gleig:acid complementary to a nucleic acid as defined in a); and - a
nucleic acid of at least 18 nucleotides capable of hébridizing under highly 25stringent conditions with at

least one of the CDRs HHHRISICaRIE Sasgtidin ShipreMabs g M Grane o IDHN st d61. 12. A
vector composed #f3a igaleisdaaid-aceordingda-claim 11.

20 EXAMPLES
Example I: Expression of CXCR4 and CXCR2 in cancer celis
- O-PCR analysis:
In order to quantify the relative expression of CXCR4 and CXCR?2 in different
cancer cell lines, a real time RT-PCR was used.

25 RNA samples were extracted from different cell lines using RNeasy Mini or
Midi Protocols (Qiagen Corporation, France). The RNA samples were then confrolied
using the Experion automated electrophoresis system (BIO-RAD Corporation, France)
and showed a good quality/integrity. One pg of each RNA sample was converted into
cDNA template using the iScript cDNA Synthesis kit (BIO-RAD Corporation, France).

30  c¢DNA levels were quantified using gPCR with either a TaqMan probe for CXCR2 or
SYBERGreen for CXCRA. Comparing samples requires normalization, so was
miroduced the internal reference RPLO. TagMan probes (used for CXCR2) carried a 5°



13. A host cell comprising a vector according to claim 12. 81 14, A transgenic animal, except for man,
comprising a cell transformed by a vector according to claim 13. 15. A method for producing an
antibody, or 1] mpound or functional fragment of same, according to one of the claims 4 to 6
and 8 to 10, %’rgae%%%é?é%iﬁgh in 5that said method comprises the following sﬁgﬁéﬂ.@{‘é%%’“éaﬁ%”re ina
medium of and the suitable culture conditions for a host cell according to claim 13; and - the recovery
of said antibody, or one of its functional fragments, thu§5produced from the culture medium or from
said cultured cells. 1016. An antibody, or a derived compound or functional fragment of same,
according to one of the claims 4 to 6 and 8.to 10, for use as a dru% 17. A pharmaceutical composition

comprising as an4eHVERTFEdRBRL 3L Grip daMARS RIS HARPants &R GPayBerveReEsund or
functional fragmetit héaampeoazenidingto@aaioftheiclaimsd ta 6w (&4 @oeide Jad8sd, 15

pharmaceutical composition according to.claim 17. characterjzed in it comprises, in addition, as a
combination product g?%&j%ﬁ%a?sﬁlﬁ%?% go%s?ogé{lga?&tid %’rclfit%a é?}%gﬂ%ﬁ,ggﬁlﬁmgtaﬁﬁbf’gntibody
other that an antibotiAdirapiewt &djhinst CRORY x PR pHasmaceuficabéanipasiion 2crondingeto claims
17 or 18, charactgrized in20that | rl ' it ompbinati r, cgnhjugation praduct for
e n 3 Siman e A e s e o
and/or a radioisof8p PPEEs adrifaice LR al anndssitionteleb ordimeetofoHb 10f tid tladtiens Ivel 8, for

use as a drug. 2523¢AR.antiaa yi%c%pﬁﬂw&&%m@gw&%duagm%gh@?bﬁi $ARGefGgOrding to

one of the claims 4 to 6, 8 to 10 and 16, and/or of a pharmaceutical composition according to any of

the claims 17 to ﬁ@’fe%igeoﬁﬁz?épﬁ%ﬂlﬁéﬁﬂg ey faiGhyahaieamall, the more the gene tested

is expressed. Primers and probe for Human Ribosomal protein, large, PO were:

10 forward primer, 5’-GAAACTCTGCATTCTCGCTTCCTG-3’ (SEQ ID No.32);
reverse primer, 3’-AGGACTCGTTTGTACCCGTTGA-3’(SEQ ID No.33);
probe, 5 -(FAM)- TGCAGATTGGCTACCCAACTGTTGCA-TAMRA)-3®

(SEQ ID No. 34).

Primers for Human CXCR4 (chemokine receptor 4) were:

15 forward primer, 5’-CTCCTTCATCCTCCTGGAAATC-3’ (SEQ ID No. 35);
reverse primer, 5-CCAAGGAAAGCATAGAGGATGG-3" (SEQ ID No. 36),
Primers and probe for Human CXCR2 (chemokine receptor 2) were:
forward primer, 5’-GTGGTCATTATCTATGCCCTGG-3 (SEQ ID No. 37);
reverse primer, 5 -CGACCCTGCTGTATAAGATGAC-3’ (SEQ ID No.38);

20 probe, 5 ~FAM)- TATTCCTGCTGAGCCTGCTGGGAAA-(TAMRA)-3’

(SEQ ID No. 39).

In our comparative study, the expression of two genes [the gene tested (CXCR4
or CXCR2) and RPLO]) were quantified in two different samples: the cell line tested
and a reference cell line. The reference cell line corresponded to the cell line containing

25  the lowest expression of the gene quantified. Comparative gene expression calculation
was made using the following formula:

Relative gene expression = (1+ E gege) P/ (1+ Egprg) @

E gone = PCR efficiency using primers/probe of the gene quantified

E grero = PCR efficiency using the RPL0 primers/probe

30 Ct = threshold cycle
ACH1)= Ct gepe (cell line tested) - Ct gene (reference cell line)
ACH2y= Ct gpro (cell line tested) - Ct pero (reference cell ling)



22. Use of an antibody, or a derived compound or functional fragment of same, 30according to one of
the claims 4 to 6, 8 to 10 and 16, and/or of a pharmaceutical composition according to any of the
claims 17 to 20, in the manufacture of a medicament for prevention or treatment of cancer. 23. Use
according to ¥R &% BRharacterized in that said cancer is a cancer selectéd/EZMAMSAIProstate
cancer, osteosarcoma, lung cancer, breast cancer, endometrial cancer, multiple myeloma, ovarian
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highest to negative. All data are presented in Figures 1A and 1B. All the cancer cell
lines tested expressed CXCR4 (Figure 1A) and CXCR2 excepted DU145 and U-87MG
5  for CXCR2 (Figure 1B).
- FACS analysis:
MDA-MB-231, PC3 and U937 cancer cell lines were permebilized and then
incubated with cither 10 pg/ml of anti-CXCR4 monoclonal antibodies [44717 (R&D
Systems) versus its isotype control IgG2b (SIGMA] or 10 pg/mL of anti-CXCR2
10 monoclonal antibodies (anti h-CXCR2, clone 48311, R&D Systems, Mab 331 versus its
isotype control IgG2a). The cells were then washed with 1%BSA/PRS/0.01% NaN3.
Next, Alexa-labeled secondary antibodies were added to the cells and were allowed to
incubate at 4°C for 20 min. Cells were then washed again two times. Following the
second wash, FACS analysis was performed. Results of these binding studies are
15  provided in Figure 2. Thus, tumor cells such as MDA-MB-231, PC3 and U937
expressed both CXCR4 and CXCR2 proteins.

Example 2: Generation of monoclonal antibodies (Mabs) against human
CXCR4
20 To generate monoclonal antibodies to CXCR4, Balb/c mice were immunized
with recombinant NIH3T3-CXCR4 cells and/or peptides corresponding to CXCR4
extracellular N-term and loops. The mice 6-16 weeks of age upon the first
immunization, were immunized once with the antigen in complete Freund’s adjuvant
subcutaneously (s.c.) followed by 2 to 6 immunizations with antigen in incomplete
25  Freund’s adjuvant s.c. The immune response was monitored by retroorbital bleeds. The
serum was screened by ELISA (as described bellow) and mice with the higher titers of
anti-CXCR4 antibodies were used for fusions. Mice were boost intravenously with
antigen two days before sacrifice and removal of the spleen,
- ELISA
30 To seiect the mice producing anti-CXCR4 antibodies, sera from mnmunized
mice was tested by ELISA. Briefly, microtiter plates were coated with purified [1-41]
N-terminal peptide conjugated to BSA at 5ug equivalent peptide/ml, 100uL/well
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incubated at 4°C overnight, then blocked with 250uL/well of 0.5% gelatine in PBS.
Dilutions of plasma from CXCR4-immunized mice were added to each well and
incubated 2 hours at 37°C. The plates were washed with PBS and then incubated with a
goat anti-mouse IgG antibody conjugated to HRP (Jackson Laboratories) for 1 hour at
5 37°C. After washing, plates were developed with TMB substrate, the reaction was
stopped 5 min later by addition of 100 pL/well 1M HoSO.4. Mice that developed the

highest fiters of anti-CXCR4 antibodies were used for antibody generation.

- Generation of hybridomas producing Mabs to CXCR4

The mouse splenocytes, isolated from a Balb/c mice that developed the highest
10 titers of anti-CXCR4 antibodies were fused with PEG to a mouse myeloma cell line
Sp2/0. Cells were plated at approximately 1x 10° /well in microtiter plates followed by
two weeks incubation in selective medium containing ultra culture medium + 2 mM L-
glutamine + 1 mM sodium pyruvate + 1x HAT. Wells were then screened by ELISA for
anti-CXCR4 monoclonal IgG antibodies. The antibody secreting hybridomas were then
15  subcloned at least twice by limiting dilution, cultured in vitro to generate antibody for

further analysis.

Example 3: Characterization by FACS analysis of anti-CXCR4 Mabs

414H5 and 515H7 binding specificity and cancer cell lines recognition
20 In this experiment, specific binding to human CXCR4 of anti-CXCR4 Mabs
414H5 and 515H7 was examined by FACS analysis.

NIH3T3, NIH3T3-hCXCR4 transfected cells, MDA-MB-231, Hela and U937
cancer cell lines were incubated with 10 pg/mL of monoclonal antibody 414H5 and
515H7. The cells were then washed with 1%BSA/PBS/0.01% NalN3. Next, Alexa-

25  labeled secondary antibodies were added to the cells and were allowed to incubate at
4°C for 20 min. The cells were then washed again two times. Following the second
wash, FACS analysis was performed. Results of these binding studies are provided in
the following Table 4 which shows [Mean Fluorescence Intensity (MFI) obtained by
FACS] that anti-CXCR4 Mabs 414HS and 515H7 bound specifically to human CXCR4-

30  NIH3T3 transfected cell line whereas there was no recognition on the parent NIH3T3

cells. These Mab were also able to recognize human cancer cell lines, for examples
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MDA-MB-231 breast cancer cells, U937 promyelocytic cancer cells and Hela cervix
cancer cells.

Anti-CXCR4 Mabs 414H5 and 515H7 recognized NIH3T3-hCXCR4
transfectant while there was no recognition of the parent NTH3T3 wild type cells. Mabs

5  414H5 and 515H7 were also able to recognize cancer cell lines.

Table 4

Clone MFT on cell lines

(10 ug/ml) | NIH3T3 |NIHIT3-CXCR4 | MDA-ME-231 | Hela U837
414H5 21 2162 32 467 95
515H7 16 2752 239 1851 645

Example 4: Competition binding of anti-CXCR4 Mabs 414H5 and 515H7
10 for ["1|SDF-1 at CHO-K1 membranes stably expressing human CXCR4 receptor
This assay allows to evaluate the ability of 414HS and 515H7 Mabs to compete
for binding of radio labeled ['*1}SDF-1 to human CXCR4 receptor, at either orthosteric
or allosteric binding sites.
CHO-K1 cells, stably and constitutively expressing human CXCR4 receptor
15 were obtained upon transfection of naive CHO-K1 cells (ATCC CCL-61) with a
matnmalian expression vector carrying the whole coding sequence of human CXCR4
receptor (RefSeq NM_003467). Cells were propagated in complete culture medium
[DMEM-Ham’s F12 suppiémemed with 5 % fetal calf serum (FCS) and 500 pg/ml of
geneticin]. Radioligand binding experiments were conducted on cell membranes
20  obtained upon mechanical scrapping of CHO/CXCR4 cells in lysis buffer [Hepes
| 20mM, pH 7.4, NaCl 150mM] followed by centrifugation (10000g, 15 min). ['*T]SDF-
1 binding (specific activity: 1500 Ci/mmol) was performed using the SPA technology
(scintillation proximity assay — GE Healthcare), Briefly, cell membranes (30 ug/well)
were incubated in binding buffer [Hepes 20mM, pH 7.4, CaCl, 1mM, MgCl 5mM,
25  NaCl 150mM, BSA 1%] together with compound to evaluate (SDF-1 or mAb),
radioligand (1 nM) and finally SPA-WGA-PVT beads (7.3 mg/well). Binding
equilibrium was reach afier 1H at 25 °C. Upon cenirifugation [1000 g for 10 min.]



Phe lle Arg Asn Lys Ala Asn Gly Tyr Thr Thr Glu Tyr Ser Ala Ser 151015 val Lys Gly <210> 13 <211>
112 <212> PRT <213> mus musculus <400> 13 Asp lle Val Met Ser Gin Ser Pro Ser Ser Leu Ala Val
Ser Ala Gly 151015 Glu Lys Val Thr Met Ser Cys Lys Ser Ser Gin Ser Leu Tyr Asn Ser 202530 Arg
Thr Arg Lys R&a 24388 3A1a Trp Tyr Gin Gin Lys Pro Gly Gin 354045 SepePrebymdmziseu lle Tyr Trp
Ala Ser Thr Arg Glu Ser Gly Val 505560 Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr
Leu Thr 65707580 lle Thr Ser val Gin Ala Glu Asp LeusAla Val Phe Tyr Cys Lys Gin 859095 Ser Tyr
Asn Leu Arg Thr Phe Gly Gly Gly Thr Lys Leu Glu lle Lys 100105110 <210> 14 <211> 118 <212>
PRT <213> mus musculus <400> 14 Glu Val Lys Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
151015 Ser Leu AsdidastivSer@ys Wire TiraSeeGly Pbt&nﬁﬁ&ﬁhﬁthﬁM@@@ﬁﬁﬁ@&km Elmer).

Al Lot Ol Trp Lo SBT0A5 T BT e 0 AP g PR eI S Al 505560
Ser val Lys Gly Arg Phelnifbrbes g /&Sﬁﬁﬂsneﬁ@n@mﬁeblﬂﬂi [12 1)SDF-1 binding with a pKi
value (ICso = ligand concentration yielding 50 % inhibition of specific [**1]SDE-1
5  binding) of 7.75 = 0.27 nM (n=4) (Figure 3A). Under the same experimental conditions,
our anti-CXCR4 Mabs (100 nM) efficiently competed for ['*I]SDF-1 binding with the
following rank order of competition efficacy (% inhibition of ['®TJSDF-1): 515H7
(64+3%) 414H5 (43+4 %) (Figure 3B).

10 Example 5: Modulation of [**S|GTPYS binding at cellular membranes

expressing wild eype CXCR4 réceptor by anti-CXCR4 Mabs 414H5 and 515H7

This functional assay allows to monitor G protein activation via wild type
human CXCR4 receptor and its modulation by CXCR4 ligands and 414H5 and 515H7
mAbs.

15 NIH-3T3 cells stably and constitutively expressing wild-type CXCR4 receptor
were obtained as described in the example above for CHO-KI cells. HeLa (human
cervix carcinoma) cells were propagated in complete culture medium [EMEM
supplemented with 10% FCS, 1% L-glutamine, 2 p sodium bicarbonate]. [3SS}GTP*yS
binding was performed on cellular membranes obtained upon mechanical scrapping in

20 lysis buffer [Hepes 20mM, pH 7.4, NaCl 150mM] and further centrifugation (10000 g,
15 min). Incorporation and detection of [°SIGTPYS (specific activity: 1000 Ci/mmol)
was performed using the SPA technology (scintillation proximity assay - GE
Healthcare). Briefly, cell membranes (10 ppg/well) were incubated in binding buffer
[Hepes 20mM, GDP 3uM, MgCl, 10mM, NaCl 100mM, EDTA 1mM, pH=74]

25 together with compound to evaluate (SDF-1 or Mab of interest), [PSJGTPYS (0.2-
0.4nM) and finally SPA-WGA-PVT beads (7.3 mg/well). Binding reaction was
performed during 1H at 25°C. Upon centrifugation [1000 g for 10 min.] radioactive
counts were measured in a scintiliation counter (TopCount, Perkin Elmer). Antagonist
potency was calculated by applying the Cheng Prussof equation:

36 ' K= [conc antago)/ {(EC,,/EC,,)-1} where EC;, and EC,,, are respectively the
potency of SDF-] in the absence and presence of mAb.
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of G protein activation by CXCR4 receptor. Maximal stimulation of [*°S]GTPYS
binding represents respectively 167 % and 320 % over basal [*°S}GTPYS binding for
Hel.a and NIH3T3/CXCR4 cell membranes. The potency of SDF-1 was similar for both
5 cell lines and corresponded to 41.3 £+ 9.7 nM (Figures 4A-4B). Under these
experimental conditions, the antagonist potency of 414HS and S515H7 Mabs, as
determined in NIH3T3/CXCR4 cells was 51 nM and 15 aM, respectively. Similar

antagonist efficacy was observed for HeLa cells (Figure 5).

10 Example 6; Association of CXCR4 with different interaction partners:
homo and heterodimerizaﬁon, recruitment of B-arrestin via a bioluminescence
resonance energy transfer (BRET) approach and effect of 414HS and S15H7 Mabs
on these dimers

This functional assay allows to evaluate the conformational changes induced

15  upon SDF-I and/or 414HS5 and 515H7 Mabs binding to CXCR4 receptor at the level of
CXCR4 homo-dimer and CXCR2/CXCR4 hetero-dimer formation as well as the
recruitment of the B-arrestin-2 signaling protein.

Expression vectors for each of the investigated inferaction partners were

constructed as fusion proteins with the corresponding dye (Renilla reniformis luciferase,

‘20 Rluc and Yellow fluorescent protein, YFP) by applying conventional molecular biology
techniques. Two days prior performing BRET experiments, HEK293 cells were
transiently transfected with expression vectors coding for the corresponding BRET
partoers: [CXCR4/Rluc + CXCR4/YFP] to study CXCR4 homo dimerization,
[CXbRéi/Rluc + CXCR2Z:YFP] to study CXCR4 and CXCR2 hetero-dimerization and

25 [CXCR4/Rluc + B-arr2:YFP] to study CXCR4-mediated recruitment of P-arrestin-2.
The day after, cells were distributed in poly-Iysine pre-coated white 96 MW plates in
complete culture medium [DMEM supplemented with 10 % FBS]. Cells were first
cultivated at 37°C with CO; 5 % in order to allow cell attachment to the plate. Cells
were then starved with 200 pl DMEM/well overnight. Immediately prior to the BRET

30 experiment, DMEM was removed and cells were quickly washed with PBS. Cells were
then incubated in PBS in the presence or absence of anfibody, 10 min at 37°C prior to

the addition of coelenterazine H 5 uM with or without SDF-1 300 nM in a final volume
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Calculation of BRET ratioc was performed as previously described (Angers et al.,

5 2000): [(emissionsiw nm) - (ernissionsss mm) X Cf} / (emissionsss nm), where Cf =

(emissionsso nm) / (emissionsss nm) for cells expressing the Riuc fusion protein alone

under the same experimental conditions. Simplifying this equation shows that BRET

ratio corresponds to the ratio 530/485 nm obtained when the two BRET partners are

present, corrected by the ratio 530/485 nm obtained under the same experimental

10  conditions, when only the partner fused to Rluc is present in the assay. For sake of

readability, results are expressed in milliBRET units (mBU); mBU corresponds to the
BRET ratio multiplied by 1000.

SDF1 (300 nM) increased by about 20 % the BRET signal resulting from the

spatial proximity of the adaptor and acceptor proteins fused to CXCR4 receptor, it is

15  likely to indicate CXCR4/CXCR4 horo-dimers formation or conformational changes

of pre-existing dimers (Figures 6A and 6B). Interestingly, SDF1 (300 nM) decreased by

about 24 % the BRET signal resulting from the spatial proximity of the adaptor and

acceptor proteins fused to CXCR2 and CXCR4, likely indicating as well

CXCR2/CXCR4 hetero-dimers formation or conformational changes of pre-existing

20 dimers (Figures 6C and 6D). In this latter case, SDF-l-activated conformation of

CXCRA4/CXCR2 seems less favorable for BRET energy transfer. In both cases, 414H5

and 515H7 Mabs were able to modulate SDF-1-induced conformational changes for

CXCR4 homo-dimers (63 % inhibition of SDF-1-induced BRET increase for 414H5

and 69 % inhibition of SDF-1-induced BRET increase for 515H7, Figures 6A and 6B,

25  respectively) as well as for CXCR2/CXCR4 hetero-dimer formation (50 % inhibition of

SDF-1-induced BRET decrease for 414H5 and 90 % inhibition of SDF-1-induced

BRET decrease for 515H7, Figures 6C and 6D, respectively). 414HS and 515H7 Mabs

were also able to modulate by themsetves CXCR4/CXCR4 and CXCR2/CXCR4 spatial

proximity respectively, indicating an influence of 414H5 and 515H7 Mabs on both

30 CXCR4/CXCR4 homo and CXCR2/CXCR4 hetero-dimer conformation. (Figures 6A,

6B, 6C and 6D),
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5  and 6F, respectively) showing the effect of Mabs 414H5 and 515H7 on signaling.

Example 7: CXCR4-mediated inbibition of cAMP production
This functional assay was designed to monitor CXCR4 receptor signaling at the
level of adenylate cyclases via inhibitory Gi/o proteins.

10 The cAMP LANCE procedure (Perkin Elmer) was applied as detailed by the
supplier. Briefly, NIH3T3 cells stably and constitutively expressing wild type CXCR4
receptor were obtained and propagated as described above, Cells were collected using
the trypsin-free agent Versene and resuspended at a concentration of 10° celis/ml in a
solution containing the AlexaFluor-bound anti cAMP Mab (1/100™ dilution) and

15  compound (forskolin, SDF-1 and/or 414H5 and 515H7 Mabs). Upon incubation for
30 min. at room temperature, the detection mix containing the Europium-Streptavidin
(1/125% dijution) and Biotin-cAMP (1/125% dilution) complexes was added. Upon
incubation for 1 hour at room temperature, the resulting FRET signal was measured in a
Mithras LB940 (Berthold) multilabel reader. Data are expressed either as arbitrary

20 fluorescent values or as a relative stimulation versus SDF-1 response upon substraction
of the FK effect. .,

Forskolin (FK) dose-dependently stimulated cAMP production with a potency of
about 0.3 pM i NIH3T3/CXCR4 cells (Figure 7A). In the co-presence of SDE-1,
intracellular cAMP levels decreased as a result of inhibitory Gi/o protein activation by

25  CXCR4 receptor. The potency of SDF-1 was 5.0 + 3.1 nM (Figure 7A). 414H5 and
515H7 Mabs efficiently inhibited the forskolin-stimulated effect of SDF-1 (100 nM) by
more than 60 % for 414HS5 and by more than 80 % for 515H7 (Figure 7B).

Example 8 Modulation of [“S|GTPYS binding at cellular membranes
30  egpressing constitutively active mutant Asn'”Ser CXCR4 receptor by Mabs 414H5
and 515H7
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sensitive assay allows to discriminate CXCR4 ligands based on their intrinsic activity

(partial agonist, silent antagonist or inverse agonist). As previously described by Zhang
5  and colleagues, CXCR4 ligands such as AMD3100 or T140 behaved respecﬁveiy as
pastial agonist and inverse agonist at CAM CXCR4 receptor. Identification of silent
antagonist may be difficult since this class of molecule must display similar affinities
for both active and inactive states of CXCR4 (Wurch et al., 1999).
Introduction of an Asnl19Ser mutation in the coding sequence of CXCR4
10 receptor was performed by applying conventional molecular biology techniques
(QuickChange site directed mutagenesis kit, Stratagene US). CHO-K1 cells stably and
constitutively expressing CAM CXCR4 receptor were obtained as described in the
example above. [PSIGTPYS binding was performed on cellular membranes obtained
upon mechanical scrapping in lysis buffer [Hepes 20mM, pH 7.4, NaCl 150mM] and
15 further centrifugation (10000 g, 15 min). Incorporation of [ STGTPYS (specific activity:
1000 Ci/mmol) was performed using the SPA technology (scintillation proximity assay
— GE Healthcare). Briefly, cell membranes (10 pg/well) were incubated in binding
buffer [Hepes 20mM, GDP 3uM, MgCh 10mM, NaCl 100mM, EDTA ImM, pH=7.4]
together with compound to evaluate (SDF-1 or mAb), [*S]GTPYS (0.2-0.4 nM) and
20 finally SPA-WGA-PVT beads (7.3 mg/well). Binding reaction was performed during
IH at 25 °C. Upon centrifogation [1000 g for 10 min.] radicactive counts were
measured in a scintillation counter (TopCount, Perkin Elmer).
SDF-1 (100 nM) stimulated [**SJGTPYS binding by 130 %. The inverse agonist
T140 inhibited both basal (- 17 %) and SDF-l-stimulated (- 159 %) [PS]GTPYS
25  binding. In contrast, 414H5 and 515H7 Mabs behaved as silent antagonists at CAM
CXCRA4, without altering basal [°SJGTPYS binding (Figure 8) but inhibiting SDF-1
induced [*S)GTPYS binding (Figure 8).

Example 9: Inhibition of SDF-1-induced Hela cell proliferation by CXCR4

30  Mab 414HS in vitre
HeLa celis from ATCC were routinely cultured in EMEM medium (Lonza
Corporation. Verviers. Belgium), 10% FCS (SIGMA Corporation. St Louis. USA), 1%
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- SDF-I-induced Hela cell proliferation
5 Hela cells were plated in 96-well tissue culture plates at a density of 1 x 10*
cells/well in 200 pl of serum free medium (EMEM medium plus 1% L-Glutamine. 2%
sodium bicarbonate 7.5% solution). Twenty four hours after plating, appropriate
dilutions of SDF-1 were added to HeLa cells. After a total of 76 hours of culture, cells
were pulsed with 025 pCi of [*Hjthymidine {Amersham Biosciences AB. Uppsala.
10 Sweden) for 16 hours. The magnitude of [*H]thymidine incorporated in DNA was
quantified by Hquid scintillation counting.
Results were expressed as proliferation Index = [mean cpm of cells + SDF-1 /
mean cpm of cells - SDF-1].
HeLa cells were incubated with SDF-1 (0 to 1000ng/ml). SDF-1 stimulated in
15  vitro Hela cells proliferation 1.5 to 2 folds. The concentration of SDF-1 to obtain the
highest and reproducible proliferation index was 200 ng/ml (25 nM).
- Inhibition of SDF-1-induced Hela cell proliferation in vitro by CXCR4 414H5
Mab
HelLa cells were plated in 96-well tissue culture plates at a density of 1 x 10°
20 cells/well in 200 pl of serum free medium (EMEM medium plus 1% L-Glutamine. 2%
sodium bicarbonate 7.5% solution). Twenty four hours after plating, appropriate
dilutions of anti-CXCR4 Mab 414HS3, diluting media were added in triplicate to HeLa
cells either in presence or in absence of SDF-1 at a final concentration of 200 ng/ml (25
nM). After a total of 76 hours of culture, celis were pulsed with 6.25 uCi of
25 [Hjthymidine (Amersham Biosciences AB. Uppsala. Sweden) for 16 hours. The
magnitude of [*H]thymidine incorporated in DNA was quantified by liquid scintillation
counting.
Results were expressed as affected fraction (Fa) calculated using the formula:
Fa = [1- [mean cpm of cells incubated with Mab + SDF-1 / mean cpm of celis
30  incubated with diluting media + SDF-1)] x 100,
The in vitro effect of anti-CXCR4 Mab 414H5 on SDF-1-induced Hela cell

proliferation was characterized. HeLa cells were incubated with either 414H5 Mab or



Ala Leu Lys Thr Thr Val lle Leu lle Leu Ala Phe Phe Ala Cys Trp 245250255 Leu Pro Tyr Tyr lle Gly lle
Ser lle Asp Ser Phe lle Leu Leu Glu 260265270 lle lle Lys Gin Gly Cys Glu Phe Glu Asn Thr val His
Lys Trp lle 275280285 Ser lle Thr Glu Ala Leu Ala Phe Phe His Cys Cys Leu Asn Pro lle 290295300
Leu Tyr Ala BB Ala Lys Phe Lys Thr Ser Ala Gin His Ala 30531BSTEES9Y8378fr Ser Val Ser
Arg Gly Ser Ser Leu Lys lle Leu Ser Lys Gly 325330335 Lys Arg Gly Gly His Ser Ser Val Ser Thr Glu
Ser Glu Ser Ser Ser 340345350 Phe His Ser Ser 355 @210> 31 <211> 360 <212> PRT <213> Mus
musculus <400> 31 Met Glu Asp Phe Asn met Glu Ser Asp Ser Phe Glu Asp Phe Trp Lys 151015 Gly

Glu Asp Leu Ser Asn Tyr Ser Tyr Ser Ser Thr Leu Pro Pro Phe 202530 Leu Leu Asp Ala Ala Pro Cys
Glu Pro Glu Ser Cetel g asivitheusSiad BA0meanh SRFAfe siarviptodithedn visorgrewibuofeu Ser

Leu Leu 505560 Gy AsIISR! ket VAMEY LedMabliohUcT Sai ArgiMal tly Avgs AR iR4efdper Val
Thr Asp Val Tyr Leu L eu {fﬁ%n Lﬂeiu Ala Leu Ala Asp, Leu Leu 859095 Page 8

freating ¢ serial two fold dilutions of Mab ranging from 0 to 1500 nM 24 h after
cell plating. As cell proliferation was evaluated 76 hours after plating, each tested
5 condition corresponds to a 48 h exposure time to Mab or control. Results were
expressed as affected fraction using Fa formula described above. The results
(represented in figure 9) showed that CXCR4 Mab 414H5 inhibited SDF-1-induced

Hela cell proliferation i vitro.

10 Example 10: Effect of anti-CXCR4 Mabs 414H5 and 515H7 on SDF-I-
induced U937 cells migration
To evaluate the inhibiting effect of the anti-CXCR4 monoclonal antibodies
414H5 and 515H7 on the migration process, 100 000 U-937 cells in RPMI 1640
medium supplemented with 2% FCS, were plated in the upper chamber of migration
15 chambers (24 wells plates with 8-pm pore size) either in presence or in absence of SDF-
1 in the lower part of the wells and with or without Mabs 414HS and 515H7 in the
| upper chamber. In this test murine IgG2a and IgG2B were introduced as an isotype
controls, Two hours after plating, migrating cells were counted. The results presented in
figures 10A for 414HS5 and 10B for 515H7 demonstrated that, as expected SDF-1 was
20  able to induce a significant increase of U-937 cells migration. No effect was observed
when cells were incubated with the 1gG2 isotype control. In contrast, for cells incubated
with the 414H5 and 515H7 Mabs, a significant and reproducible decrease in SDF-1-
induced U937 cells migration was observed : 50% with 414H5 Mab and more than 80%
with S15H7 Mab.
25 _
Example 11: Anti-CXCR4 Mab 414HS inhibition of MDA-MB-231
xenograft tnmor growth in Nod/Scid mice
The goal of these experiments was to evaluate the ability of anti-CXCR4 Mabs
414H35 and 515H7 to inhibit the growth of MDB-MB-231 xenograft in Nod/Scid mice.
30 MDA-MB-231 cells from ECACC were routinely cultured in DMEM medium
(Invitrogen Corporation, Scotland, UK), 10% FCS (Sigma, St Louis MD, USA). Cells

were split 48 hours before engrafiment so that they were in exponential phase of



D26935 amended SEQUENCES PCT 23 11 10 5T25.txt Phe Ala Lea Thr Lea Pro lle Trp Ala Ala Ser
Lys Val Asn Gly Trp 100105110 lle Phe Gly Thr Phe Lea Cys Lys val Val Ser Lea Lea Lys Glu Val
115120125 Asn Phe Tyr Ser Gly lle Lea Lea Lea Ala Cys lle Ser Val Asp Arg 130135140 Tyr Leu Ala
lle val His AI¥®RFAMGPRY Lea Thr Gin Lys Arg Tyr 145150155160 Lea VEF TS PHE0ITEYS Lea Ser lle
Trp Gly Lea Ser Lea Leu Lea 165170175 Ala Lea Pro Val Lea Lea Phe Arg Arg Thr val Tyr Ser Ser
Asn Val 180185190 Ser Pro Ala Cys Tyr Glu Asp Met &ly Asn Asn Thr Ala Asn Trp Arg 195200205
Met Lea Lea Arg lle Lea Pro Gin Ser Phe Gly Phe lle Val Pro Lea 210215220 Lea lle Met Lea Phe Cys
Tyr Gly Phe Thr Lea Arg Thr Lea Phe Lys 225230235240 Ala His Met Gly Gin Lys His Arg Ala Met Arg
Val lle Phe Ala V&rouh2 53255 edlie-Plie13dadelia Gye Tepekec®rin TBBRASn Veaikdkleld Lea

260265270 Al AR SHMSAANRSIR \AIE CTEITIY s GIRAIIATSRNR g hon His

lle Asp Arg Ala Lea Asp Ala Thr Glu lle Leta G3Iy lle 290295 Lea HIS ys Lea §n‘i¥’_rc? Lea lle
Tyr Ala Phe lle GRS} G0smno3 5390 mh e ameuprimatslyveisalivadet yaielerpers Aff maististly Lea lle

Ser comparable tumor size. Mice were treated i.p. with a 2 mg/mouse Ioading dose of Mab
5  414HS5 and Mab 515H7, respectively.

Then, mice were injected twice a week at 1 mg/dose/mouse of Mab 414HS5 twice
a week or 0.5 mg/dose/mouse. of Mab 515H7 three time a week. A PBS group was
introduced as a control group in this experiment. Tumor volume was measured twice a
week and calculated by the formula: 7/6 X length X width X height. Statistical analysis

10 were performed at each measure using a Mann-Whitney test.
In these experiments, no mortality was observed during treatment. Compared to
PBS group, there was a significant inhibition of tumor growth between D7 and D39 (p <
0.002) for 415H5 Mab Img/dose or 515H7 0.5mg/dose and the average tumor volume
after 5 weeks of treatment was reduced by 82% and 50% versus PBS for Mab 415H35

15 and 515H7, respectively (Figures 11A and 11B).

Example 12: Anti-CXCR4 Mah 414H5 activity in U%37 mice survival model
U937 cells from ATCC were cultured in RPMI 1640 medium, 10% FCS, 1% -
Glutamine. Cells were split two days before engraftment so that they were in
20 exponential phase of growth. Ten million U937 cells injected i.p. to female NOD/SCID
mice. Two days after implantation, mice were treated s.c. with a loading dose of 2 mg of
414H5 mAb/mouse and then twice a week with 1 mg of antibody/mouse. Control mice
recerved PBS injections as it has been shown in previous studies that no difference in
survival was observed between mice injected with PBS and mice administered with a

25  mouse IgG isotype control. Mice survival was monitored every day.
Results described in figure 12 showed that mice treated with the 414H5 Mab had

a dramatic and significant increase in life span with T/C% about 343,

Example 13: CXCR4 receptor-mediated mobilization of intracellular

30  calcium stores



325330335 Lys Asp Ser Lea Pro Lys Asp Ser Arg Pro Ser Phe Val Gly Ser Ser 340345350 Ser Gly
His Thr Ser Thr Thr Lea 355360 <210> 32 <211> 24 <212> DNA <213> Mus musculus <400> 32
gaaactctgc attctcgctt cctg24 <210> 33 <211> 22 <212> DNA <213> Mus musculus <400> 33
D26935 ameWe BEIRIENCES PCT 23 11 10 ST25.txt aggactcgtt tgtackEHERARZ6TB0> 34 <211>
26 <212> DNA <213> mus musculus <400> 34 tgcagattgg ctacccaact gttgca26 <210> 35 <211> 22
<212> DNA <213> Mus musculus <400> 35 ctccttcatc&fcctggaaa tc22 <210> 36 <211> 22 <212>
DNA <213> Mus musculus <400> 36 ccaaggaaag catagaggat gg22 <210> 37 <211> 22 <212> DNA
<213> mus musculus <400> 37 gtggtcatta tctatgccct gg22 <210> 38 <211> 22 <212> DNA <213>
Mus musculus <400> 3§ bgdunetgoehtatanguy dedmed 1OmB0ikP TSRS <«2dProDNghalb3vianus

musculus stimulation of the phospholipase C pathway, inducing calcium liberation from

intracellular stores from the endoplasmic reticulum.

CHO-K1 cells stably and constitutively expressing wild-type CXCR4 receptor
S were cobtained as described in the example above. MDA-MB-231 (human breast
adenocarcinoma) and U937 (human lymphoma) cells were propagated in complete
culture medium, respectively [DMEM supplemented with 10% FCS] and [RPMI 1640
supplemented with 10% FCS, 20 mM HEPES, 1% non-essential amino acid solution,
1% sodium pyruvate, 1% L-glutamine, 4.5 g/l glucose]. All cell types were plated in
10 black 96MW plates at a density of 100,000 cells/well in appropriate culture medium,
Cells were starved overnight before conducting the experiments. Cells are loaded with
the fluorescent calcium dye (Fluo-4 No Wash, Invitrogen US) in loading buffer [HBSS
1x, HEPES 20 mM, Probenicid acid 25 mM] for 30 min. at 37 °C followed by 30 min.
at 25°C. Stimulation by SDF-1 was performed by direct injection into each well. For
15  antagonism experiments, 10 pl of Mab solution are added directly into the loading
buffer at least 10 min. before SDF-1. Kinetic fluorescence measurements are performed
on a multi-mode fluorescence microplate reader Mithras 1LB940 (Berthold) using the
following settings: excitation at 485 nm, emission at 535 nm, excitation energy at 10000
arbitrary units. Fluorescence in each well is recorded during 0,1 second every second
20 and for a time period of 20 sec prior SDF-1 injection (basal signal). Then 20 pl of SDE-
I are injected and data recording follows for a time period of 2 min. Each experimental
condition is performed in duplicate. Values for each well are first corrected by
substracting the basal fluorescence and the fluorescence emitted by a control well
without cells. Relative data are expressed as a percentage of the maximal stimulation

25  obtained by SDF-1 (100 nM).
SDF1 (100 nM) induced a rapid and strong release of intracellular calcium in
recombinant CHO/CXCR4, whereas no fluorescence signal was detected in natve CHO-
K1 cells. The maximal intensity reached > 160 % over basal fluorescence and was
observed at about 30 sec. upon stimulation by SDF-1; similar kinetic curves were
30  observed with both MDA-MB-231 and U-937 (Figures 13A, 13B, 13C), although the
maximal fluorescence intensity by SDF-1 (100 nM) was Jower (130-140 % over basal).



<400> 39 tattcctget gagcectgetg ggaaa2s <210> 40 <211> 12 <212> PRT <213> mus musculus <400>
40 Gin Ser Leu Phe Asn Ser Arg Thr Arg Lys Asn Tyr 1510 D26935 amended SEQUENCES PCT 23
11 10 ST25.txt <210> 41 <211> 8 <212> PRT <213> Mus musculus <400> 41 Met Gin Ser Phe Asn
Leu Arg Thr ¥D2010987431 <211> 3 <212> PRT <213> Mus musculus <400T#PREHOAIRTyr 1 <210>
43 <211> 9 <212> PRT <213> Mus musculus <400> 43 Asp Val Gly Ser Asn Tyr Phe Asp Tyr 15
<210> 44 <211> 8 <212> PRT <213> mus musculus 68

515H7 antibody (133 nM) yielded a strong and almost complete inhibition of the SDF-1
(100 nM)-induced calcium signal in all three investigated cell lines.

Example 14: Anti-CXCR4 Mab 414H5 inhibition of T-cell KARPAS 299
5  xenograft tumor growth in Nod/Scid mice
The goal of this experiment was to evaluate the ability of anti-CXCR4 Mab
414HS5 to inhibit the growth of KARPAS 299 xenografl in Nod/Scid mice.
KARPAS 299 cells from ECACC were routinely cultured in RPMI medium, 1%
L-Glu and 10% FCS (Sigma, St Louis MD, USA). Cells were split 48 hours before

10 engraftment so that they were in exponential phase of growth, Five million KARPAS
299 cells were engrafted in PBS to 7 wecks old Nod/Scid mice (Charles River, France).
Five days afier implantation, tumors were measurable (32 mm’<V’<49 mm®) and
animals were divided into groups of 6 mice with comparable tumor size, Mice were
treated 1.p. with a 2 mg/mouse loading dose of Mab 414HS5.

15 Then, mice were injected twice a week at 1 mg/dose/mouse of Mab 414HS. A
PBS group was introduced as a control group in this experiment. Tumor volume was
measured twice a week and calculated by the formula: %/6 X length X width X height.
Statistical analysis were performed ai each measure using a Mamnn-Whitney test.

In this experiment, no mortality was observed during treatment. Compared to

20  PBS group, there was a significant inhibition of tumor growth between D7 and D33 (p <
0.002) for 414H5 Mab Img/dose and the average tumor volume after 5 weeks of
treatment was reduced by 73 % for Mab 414H35 versus PBS (Figure 14).

Example 15: Anti-CXCR4 Mab 515H7 activity in U937 mice survival model

25 U937 celis from ATCC were cultured in RPMI 1640 medium, 10% FCS, 1% L-
Glutamine. Cells were split two days before engraftment so that they were in
exponential phase of growth, Ten million U937 cells injected i.p. to female NOD/SCID

mice. Two days after implantation, mice were treated s.c. with a loading dose of 2 mg of
515H7 Mab/mouse and then twice a week with 1 mg of antibody/mouse. Control mice

30  received PBS injections as it has been shown in previous studies that no difference in
survival was observed between mice injected with PBS and mice administered with a

mouse IgG isotype control. Mice survival was monitored every day.



<400> 44 Gly Phe Thr Phe Thr Asp Asn Tyr 15 <210> 45 <211> 11 <212> PRT <213> Mus musculus
<400> 45 Ala Arg Asp Val Gly Ser Asn Tyr Phe Asp Tyr 1510 <210> 46 <211> 17 <212> PRT <213>
Mus musculus <400> 46 Lys Ser Ser Gin Ser Leu Phe Asn ser Arg Thr Arg Lys Asn Tyr Leu 151015
Ala D26935%MEHAEFSEQUENCES PCT 23 11 10 5T25.txt <210> 47 DAHEP2EPSIPHRT <213>
mus musculus <400> 47 Trp Ala Ser Ala Arg Asp Ser 15 <210> 48 <211> 5 <212> PRT <213> Mus
musculus <400> 48 Asp Asn Tyr Met Ser 15 <210> 49%211> 19 <212> PRT <213> Mus musculus
<400> 49 Phe lle Arg Asn Lys Ala Asn Gly Tyr Thr Thr Asp Tyr Ser Ala Ser

Results described in figure 15 showed that mice treated with 515H7 Mab had a

dramatic and significant increase in life span with T/C% about 280 for 515H7 Mab
(Figure 15).

5 Example 16: Anti-CXCR4 Mab 515H7 inhibition of T-cell KARPAS 299
xenograft tumor growth in Ned/Scid mice
The goal of this experiment was to evaluate the ability of anti-CXCR4 Mab
515H7 to inhibit the growth of KARPAS 299 xenograft in Nod/Scid mice.
KARPAS 299 cells from ECACC were routinely cultured in RPMI medium, 1%

10 L-Glu and 10% FCS (Sigma, St Louis MD, USA). Cells were split 48 hours before
engraftment so that they were in exponential phase of growth. Five million KARPAS
299 cells were engrafted in PBS to 7 weeks old Nod/Scid mice (Charles River, France).
Five days after implantation, tumors were measurable (32 mm’<V’<49 mm®) and
animals were divided into groups of 6 mice with comparable tumor size. Mice were

15  treated i.p. with a 2 mg/mouse loading dose of Mab 515H7.

Then, mice were injected twice a week at 1 mg/dose/mouse of Mab 515H7. A
PBS group was introduced as a control group in this experiment. Tumor volume was
measured twice a week and calculated by the formula: 7t/6 X length X width X height.
Statistical analysis were performed at each measure using a Mann-Whitney test.

20 In these experiments, no mortality was observed during treatment. Compared to
PBS group, there was a significant inhibition of tumor growth between D7 and D33 (p <
0.002) for 515H7 Mab Img/dose and the average tumor volume after 5 weeks of
treatment was reduced by 63% for Mab 515H7 versus PBS (Figure 16).

25 Example 17: Production of anti-CXCR4 chimeric Mabs c414HS and
c51SH7
Chimeric formats of murine 414HS and 515H7 Mabs were designed: they
correspond to the light and heavy chain variable domains of the murine antibodies of
interest, genetically fused to human Ckappa and IgGl constant domains. All
30  recombinant Mabs were produced upon transient transfection by using the
HEKZ93/EBNA system with a pCEP4 expression vector {InVitrogen, US).



151015 val Arg Gly <210> 50 <211> 112 <212> PRT <213> mus musculus <400> 50 Asp lle val met
Ser Gin Ser Pro Ser Ser Leu Ala Val Ser Ala Gly 151015 Glu Lys Val Thr Met Ser Cys Lys Ser Ser Gin
Ser Leu Phe Asn Ser 202530 Arg Thr Arg Lys Asn Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin
354045 Ser BRIV Leu Ile Tyr Trp Ala Ser Ala Arg Asp Ser Gly Val BFEEBISHS KA Arg Phe Thr
Gly Ser Gly Ser Glu Thr Tyr Phe Thr Leu Thr 65707580 lle Ser Arg Val GIn Ala Glu Asp Leu Ala val
Tyr Tyr Cys Met Gin 859095 Ser Phe Asn Leu Arg Thi’Phe Gly Gly Gly Thr Lys Leu Glu lle Lys
100105110 <210> 51 <211> 120 D26935 amended SEQUENCES PCT 23 11 10 5T25.txt <212> PRT
<213> Mus musculus <400> 51 Glu Val Asn Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
151015 Ser Leu Arg LetiSép@psiugigotide SuiegePeaminopdiagiorttsphdnodesgosvidhdt Ser Trp

Val Arg Gin Pro B Ghs ey svigs Lgsh GIHATER.L $URRADR e synthesized by global gene synthesis
(Genecust, Luxembourg). They were subcloned into a pCEP4 vector (InVitrogen, US)
carrying the entire coding sequence of the constant domain of either the light [Ckappa]

5 or the heavy [CHI-Hinge-CH2-CH3] chain of a human IgGl immunoglobulin. All
cloning steps were performed according to conventional molecular biology techniques
ag described in the Laboratory manual (Sambrook and Russel, 2001) or according to the
supplier’s instructions. Each genetic construct was fully validated by nucleotide
sequencing using Big Dye terminator cycle sequencing kit (Applied Biosystems, US)

10  and analyzed using a 3100 Genetic Analyzer (Applied Biosystems, US).
Suspension-adapted HEK293 EBNA cells (InVitrogen, US) were routinely
grown in 250 ml flasks in 50 ml of serum-free medium Excell 293 (SAFC Biosciences)
supplemented with 6 mM glutamine on an orbital shaker (110 rpm rotation speed).
Transient transfection was performed with 2.106 cells'ml using linear 25 kDa
15 polyethyleneimine (PEI) (Polysciences) prepared in water at a final concentration of 1
mg/ml mixed and plasmid DNA (final concentration of 1.25 ug/ml for heavy to light
chain plasmid ratio of 1:1). At 4 hours post-transfection, the culture was diluted with
one volume of fresh culture medium to achieve a final cell density of 106 cells/ml.
Cultivation process was monitored on the basis of cell viability and Mab production.
20 Typically, cultures were maintained for 4 to 5 days. Mabs were purified using a
conventional chromatography approach on a Protein A resin (GE Healthcare, US). All
different Mabs were produced at levels suitable with functional evaluations.

Productivity levels are typically ranging between 6 and 15 mg/l of purified Mabs.

25 Example 18: Characterization by FACS analysis of anti-CXCR4 chimeric
Mabs c414H5 and ¢515H7 binding specificity and cancer cell line recegnition
In this experiment, specific binding to human CXCR4 of anti-CXCR4 chimeric
Mabs c414HS5 and ¢515H7 was examined by FACS analysis.
NIH3T3, NIH3T3-hCXCR4 transfected cells and MDA-MB-231 cancer cell line
30  were incubated with 10 ug/mL of monocional antibody c¢414HS and ¢c515H7. The cells
were then washed with 1%BSA/PBS/0.01% NaN3. Next, Alexa-labeled secondary

antibodies were added to the cells and were allowed to incubate at 4°C for 20 min. The



Gly Phe lle Arg Asn Lys Ala Asn Gly Tyr Thr Thr Asp Tyr Ser Ala 505560 ser val Arg Gly Arg Phe Thr
lle Ser Arg Asp Asn Ser Gin Ser lle 65707580 Leu Tyr Leu Gin Met Asn Ala Leu Arg Ala Glu Asp Ser
Ala Thr Tyr 859095 Tyr Cys Ala Arg Asp val Gly Ser Asn Tyr Phe Asp Tyr Trp Gly Gin 100105110 Gly
Thr Thr Leu W 4888 er 115120 <210> 52 <211> 36 <212> DNA <2 PEF/RR38MM3%8Tus <400> 52
cagagtctgt tcaacagtcg aacccgaaag aactac36 <210> 53 <211> 24 <212> DNA <213> Mus musculus
<400> 53 atgcaatctt ttaatcttcg gacg24 <210> 54 <211319 <212> DNA <213> mus musculus <400> 54
gataactac9 <210> 55 <211> 27 <212> DNA <213> Mus musculus <400> 55 gatgtcggtt ccaactactt

tgactac27 <210> 56 D26935 amended SEQUENCES PCT 23 11 10 ST25.txt <211> 24 <212> DNA
<213> mus musctalig were then washed again two times. Following the second wash, FACS analysis

was performed. Results of these binding studies are provided in the following Table 5
which shows [Mean Fluorescence Intensity (MFI) obtained by FACS] that anti-CXCR4
chimeric Mabs ¢414H5 and ¢515H7 bound specifically to human CXCR4-NIHM3T3
5  transfected cell line and also recognize human cancer cell lines, for example MDA-MB-

231 breast cancer cells.

Table 5
Clone MFT on cell lines
(10 pg/ml} NIH3T3-CXCR4 MDA-MB-231
c414H5 1039 Not tested
c515H7 2294 118

Example 19: Competition binding of anti-CXCR4 murine Mabs m414¥H5

10  and m5i5H7 and chimeric Mabs 41485 and c515H7 for [*’I|SDF-1 at CHO-K1
membranes stably expressing human CXCR4 receptor

This assay allows to evaluate the ability of murine Mabs m414H5, m515H7 and
chimeric Mabs ¢414HS5, ¢515H7 to compete for binding of radio labeled ['**I]SDF-1 to
human CXCR4 receptor, at either orthosteric or allosteric binding sites.

15 CHO-K1 cells, stably and constitutively expressing human CXCR4 receptor
were obtained upon transfection of paive CHO-KI1 cells (ATCC CCL-61) with a
mammalian expression vector carrying the whole coding sequence of human CXCR4
receptor (RefSeq NM_003467). Cells were propagated in complete culture medium
[DMEM-Ham’s F12 supplemented with 5 % fetal calf serum (FCS) and 500 pg/ml of

20  geneticin]. Radioligand binding experiments were conducted on cell membranes
obtained upon mechanical scrapping of CHO/CXCR4 cells in lysis buffer [Hepes
20mM, pH 7.4, NaCl 150mM] followed by centrifugation (10000g, 15 min), [**T]SDE-
1 binding (specific activity: 1500 Ci/mmol) was performed using the SPA technology
(scintillation proximity assay — GE Healthcare). Briefly, cell membranes (30 pg/well)

25  were incubated in binding buffer [Hepes 20mM, pH 7.4, CaCl, 1mM, MeCl 5mM,
NaCl 150mM, BSA 1%] together with compound to evaluate (SDF-1 or mAb),
radioligand (1 nM) and finally SPA-WGA-PVT beads (7.3 mg/well). Binding
equilibrium was reach after 1H at 25°C. Upon centrifugation [1000 g for 10 min.]



<400> 56 gggttcacct tcactgataa ctac24 <210> 57 <211> 33 <212> DNA <213> mus musculus <400>
57 gcaagagatg tcggttccaa ctactttgac tac33 <210> 58 <211> 51 <212> DNA <213> mus musculus
<400> 58 aaatccagtc agagtctgtt caacagtcga acccgaaaga actacttggc t51 <210> 59 <211> 21 <212>
DNA <213> MOtHU&EENs <400> 59 tgggcatceg ctagggattc t21 <210> 6§CIER200916229D> DNA
<213> Mus musculus <400> 60 gataactaca tgagtl5 <210> 61 <211> 57 <212> DNA <213> mus
musculus <400> 61 tttattagaa acaaagctaa tggttacaca d2agactaca gtgcatctgt gaggggts57 <210> 62
<211> 336 <212> DNA <213> mus musculus <400> 62 gacattgtga tgtcacagtc tccatcctcc ctggctgtgt
cagcaggaga gaaggtcact60 atgagctgca aatccagtca gagtctgttc aacagtcgaa cccgaaagaa ctacttggct120

tggtaccagc agaadedagejiyeagtetscveaantgeu totactgigttiater gotaye SR patioty FekiocEigetog
cticacaggc aglggRiGia.AAAGARIE GARIRIGACE240AIGAPGCUIY %ageCE&%% g ffiafesk.
gcatgcaatc ttttaatcttsog%age 14 : © (1)269Q§5 ame}f%% S U%%%Etggé@%% th‘?lIS %O
ST25.txt cggacgtt]cg gtggaggcac caagctggaa atcaaa336 <210> 63 <211> 360 <212> DNA <213> Mus

musculus <400> 63 gaggigaakc raaeitRqbIoNAg 4aags HIURGBEE L1 JOTlibIel0agReIEER;RCtgtgcaa

cttctgggtt caccttcact gataactaca tgagttgggt ccgccagcect120 .
999 ) %wt% ov?ing rankgor ergo com;?etitm% efficacy (% inhibition of [lzsl]SDle): mS15H7

(625:10%), ¢515H7 (55+4%), m414H5 (30+:5%) and c414H5 (21£10 %) (Figure 17).

Example 20: Modulation of [VS|GTPYS binding at cellular membranes
expressing wild type CXCR4 receptor by anti-CXCR4 murine Mabs m414HS and
10 m515H7 and chimeric Mabs ¢414HS and ¢515H7
This functional assay allows to monitor G protein activation via wild type
human CXCR4 receptor and its modulation by anti-CXCR4 murine Mabs m414H5,
mS515H7 and chimeric Mabs c414HS5, ¢515H7.
NIH-3T3 cells stably and constitutively expressing wild-type CXCR4 receptor
15  were obtained as described in the example above for CHO-K1 cells, HeLa (human
cervix carcinoma) cells were propagated in complete culture medium [EMEM
supplemented with 10% FCS, 1% L-glutamine, 2 uM sodium bicarbonate]. [*S1GTPYS
binding was performed on cellular membranes obtained upon mechanical scrapping in
lysis buffer [Hepes 20mM, pH 7.4, NaCl 150mM]} and further centrifugation (10000 g,
20 15 min). Incorporation and detection of [*°SJGTPYS {specific activity: 1000 Ci/mmol)
was performed using the SPA technology (scintillation proximity assay - GE
Healthcare). Briefly, cell membranes (10 pg/well) were incubated in binding buffer
[Hepes 20mM, GDP 3uM, MgClL 10mM, NaCl 100mM, EDTA 1mM, pH=74]
together with compound to evaluate (SDF-1 and Mab of interest), [°SIGTPYS (0.2-
25  04nM) and finally SPA-WGA-PVT beads (7.3 mg/well). Binding reaction was
performed during 1H at 25°C. Upon cenirifugation [1000 g for 10 min.] radioactive
counts were measured in a scintillation counter (TopCount, Perkin Elmer). ICsy were
calculated for each Mab.
Under these experimental conditions, ICso of m414HS5, c414H5, m515H7 and
30 ¢c515H7 Mabs, as determined in NIH3T3/CXCR4 cells were 1.6 nM, 1.1 nM, 1.9 nM
and 1.5 nM, respectively (Figure 18). The ICsy of m414HS, c414H5, m515H7 and



ccaggaaagg cacttgagtg gttgggcttt attagaaaca aagctaatgg ttacacaacal80 gactacagtg catctgtgag
gggtcggttc accatctcaa gagataattc ccaaagcatc240 ctctatcttc aaatgaacgc cctgagagcec gaagacagtg

ccacttatta ctgtgc gatgtcggtt ccaactactt tgactactgg ggccaaggcea ccagtetcac agtctcctca360
<210> 64 <2g%%ﬁ§§;§5<§%%2> PRT <213> mus musculus <400> 64 Met GH%@F@E}?’%E’E’in val Leu lle

Leu Leu Leu Leu Trp Val Ser 151015 Gly Thr Cys Gly Asp lle Val Met Ser Gin ser Pro Ser Ser Leu Ala
202530 Val Ser Ala Gly Glu Lys Val Thr Met Ser Cys I]Qs Ser Ser Gin Ser 354045 Leu Tyr Asn Ser
Arg Thr Arg Lys Asn Tyr Leu Ala Trp Tyr Gin Gln 505560 Lys Pro Gly GIn Ser Pro Lys Leu Leu lle Tyr
Trp Ala Ser Thr Arg{%;i%SSO Glu ser Gly val Pro Asp Arg Phe Thr Gly ser Gly Ser Gly Thr Asp
859095 Phe Thr f e P SER DS STRAHEIGAS I dy A?glvsrmﬁ@lfef@{@m@%wg Lys Gin

Ser Tyr Asn Leu AsonMi0BheVG Gyl Gy §larmbysrdshad2@1R Brigu:G.lle Lys Arg Thr Val Ala Ala Pro
Ser Val Phe lle Phe Pro 130135140 Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser val Val Cys Leu

145150155160 Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val GIn Trp Lys Val Asp 165170175
Example 21: Association of CXCR4 with different interaction partaers:

5 homo and heterodimerization, recruitment of P-arrestin via a bioluminescence
resonance energy transfer (BRET) approach and effect of murine Mabs m414H5,
m315H7 and chimeric Mabs c414HS and ¢515H7 on these dimmers

This functional assay allows to evaluafe the conformational changes induced

upon SDF-1 and/or m414H5, m515H7 murine Mabs and ¢414HS, and ¢515H7 chimeric

10  Mabs binding to CXCR4 receptor at the level of CXCR4 homo-dimer and

CXCR2/CXCR4 hetero-dimer formation as well as the recruitment of the B-arrestin-2
signaling protein.

Expression vectors for each of the investigated interaction partners were

constructed as fusion proteins with the corresponding dye (Renilla reniformis luciferase,

15  Rluc and Yellow fluorescent protein, YFP) by applying conventional molecular biology

techniques. Two days prior performing BRET experiments, HEK293 cells were

trangiently transfected with expression vectors coding for the corresponding BRET

partners: [CXCR4/Rluc + CXCR4/YFP] to study CXCR4 homo dimerization, [CXCR4-

Riuc + CXCR2-YFP] to study CXCR4 and CXCR2 hetero-dimerization and [CXCR4-

20 Rluc + B-ar2-YFP] to study CXCR4-mediated recruitment of B-arrestin-2. The day

after, cells were distributed in poly-lysine pre~coated white 96 MW plates in complete

culture medium [DMEM supplemented with 10 % FBS]. Cells were first cultivated at

37°C with CO, 5 % in order to allow cell attachment to the plate. Cells were then

starved with 200 ul DMEWW&H overnight. Immediately prior to the BRET experiment,

25 DMEM was removed and cells were guickly washed with PBS. Cells were then

incubated in PBS in the presence or absence of antibody, 15 min at 37°C prior to the

addition of coelenterazine H 5 uM with or without SDF-1 100 nM in a final volume of

50 pl. Afier incubation for 5 minutes at 37°C and further incubation for 20 min at room

temperature only for homo and hetero-dimers, light-emission acquisition at 485 nm and

30 530 nm was initiated using the Mithras LB940¢ multilabel reader (Berthold)

(1s/wavelength/well repeated 15 times at room temperature).



Asn Ala Leu GIn Ser Gly Asn Ser Gin Glu Ser Val Thr Glu GIn Asp 180185190 Ser Lys Asp Ser Thr
Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys 195200205 Page 15 D26935 amended SEQUENCES
PCT 23 11 10 ST25.txt Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His GIn 210215220
Gly Leu Ser S&PBHNEFIrhr Lys Ser Phe Asn Arg Gly Glu Cys 22523023 WERRB¥E27911> 467
<212> PRT <213> mus musculus <400> 65 Met Lys Leu Trp Leu Asn Trp Val Phe Leu Val Thr Leu
Leu ASn Gly 151015 Phe GIn Cys Glu val Lys Leu Val’&lu Ser Gly Gly Gly Leu Val GIn 202530 Pro
Gly Gly Ser Leu Arg Leu Ser Cys Thr Thr Ser Gly Phe Thr Phe 354045 Thr Asp Tyr Tyr Met Ser Trp
val Arg GIn Ser Pro Gly Lys Ala Leu 505560 Glu Trp Leu Thr Phe lle Arg Asn Lys Ala Asn Gly Tyr Thr
Thr Glu 65707580 Tyr Satcaletioa vfBREE Gy Apg Rl Tad RerSeicudyAspcAbeldémass80951GIn Ser

Lo Ty Lo el A SRR Y LY M0 v
Pro Ser 1301351 RiS8100530 nm) / (emissionuss am) for cells expressing the Rluc fusion protein alone
under the same experimental conditions. Simplifying this equation shows that BRET
5  ratio corresponds fo the ratio 530/485 nm obtained when the two BRET partners are
present, corrected by the ratio 530/485 nm obtained under the same experimental
conditions, when only the partner fused to Rluc is present in the assay. For sake of
readability, results are expressed in milliBRET units (mBU); mBU corresponds to the
BRET ratio multiplied by 1000.

10 SDF1 (100 nM) increased by about 10 % the BRET signal resulting from the
spatial proximity of the donor and acceptor proteins fused to CXCR4 receptor, it is
likely to indicate CXCR4/CXCR4 homo-dimers formation or conformational changes
of pre-existing dimers (Figure 20A). Interestingly, SDF1 (100 nM) decreased by about
17 % the BRET signal resulting from the spatial proximity of the donor and acceptor

15 proteins fused to CXCR4 and CXCR2, likely indicating as well CXCRZ/CXCR4
hetero-dimers  formation or conformational changes of pre-existing dimers (Figure
20B). In this latter case, SDF-1-activated conformation of CXCR4/CXCR2 seems less
favorable for BRET energy transfer. In both cases, m414HS5, ¢414H5 and m515H7,
c315H7 Mabs were able to modulate SDF-1-induced conformationa! changes for

20 CXCR4 homo-dimers (75 % inhibition of SDF-1-induced BRET increase for c414HS5
and 96% inhibition of SDF-1-induced BRET increase for ¢515H7, Figure 20A) as well
as for CXCR2/CXCR4 hetero-dimer formation (77 % inhibition of SDF-1-induced
BRET decrease for c414H5 and 98 % inhibition of SDF-1-induced BRET decrease for
¢515H7, Figure 20B). m414HS5, c414HS, m515H7 and ¢515H7 Mabs were also able to

25  modulate by themselves CXCR4/CXCR4 and CXCR2Z/CXCR4 spatial proximity
respectively, indicating an influence of these Mabs on both CXCR4/CXCR4 homo and
CXCR2/CXCR4 hetero-dimer conformation (Figures 20A and 20B).

CXCR4 activation by SDF-1 (100 nM) vielded a strong recruitment of the
infracellular signaling molecule B-arrestin, as shown by the 400 % enhancement in

30 BRET signal (Figure 20C). This recruitment was partially inhibited by c414H5 and by
c515H7 Mabs (about 63 % inhibition for c414H5 and 93% for c515H7, Figure 20C)
showing the effect of these Mabs on signaling.



Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala 145150155160 Ala Leu Gly Cys Lou
Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 165170175 Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val
His Thr Phe Pro Ala 180185190 Val Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val
195200205 PYS 80828 er Leu Gly Thr GIn Thr Tyr lle Cys Asn Val AsrPGREPIIINEBA | ys Pro Ser
Asn Thr Lys Val Asp Lys Arg Val Glu Pro Lys Ser Cys 225230235240 Asp Lys Thr His Thr Cys Pro
Pro Cys Pro Ala Pro Glu Leu Leu Gly 245250255 Gly Pfo ser Val Phe Leu Phe Pro Pro Lys Pro Lys
Asp Thr Leu Met 260265270 lle Ser Arg Thr Pro Glu val Thr Cys Val val Val Asp Val Ser His
275280285 Page 16 D26935 amended SEQUENCES PCT 23 11 10 5T25.txt Glu Asp Pro Glu Val
Lys Phe Asn Trp Tyr Vafaeppts)y 32l G GRS 20ecepsnomesiaadn mpbilization L96 tyeodGar Glu Gin
Tyr Asn Ser Thr T38R314345320 Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn C;Iy
325330335 Lys Glu Tyr ysg s Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle 340345350 Glu Lys Thr
lle Ser Lys AIZI Lys Gly ELIH‘? g%?ﬁ%ﬁﬁ“@fo“@?n%ﬁ%%%“ CXCR4 receptor signaling via

stimulation of the phospholipase C pathway, inducing calcium liberation from

5  intracellular stores from the endoplasmic reticulum.

CHO-K1 cells stably and constitutively expressing wild-type CXCR4 receptor
were obtained as described in the example above. U937 (human lymphoma) cells were
propagated in complete culture medium, respectively [DMEM supplemented with 10%
FCS] and [RPMI 1640 supplemented with 10% FCS, 20 mM HEPES, 1% non-essential

1¢  amino acid solution, 1% sodium pyruvate, 1% L-glutamine, 4.5 g/l ghucose]. All cell
types were plated in black 96MW plates at a density of 100,000 cells/well in appropriate
culture medium. Cells were starved ovemight before conducting the experiments. Cells
are loaded with the fluorescent calcium dye (Fluo-4 No Wash, Invitrogen US) in
loading buffer [HBSS 1x, HEPES 20 mM, Probenicid acid 25 mM] for 30 min. at 37 °C

15  followed by 30 min. at 25°C. Stimulation by SDF-1 was performed by direct injection
into each well. For antagonism experiments, 10 ul of Mab solution are added directly
into the loading buffer at least 10 min. before SDF-1. Kinetic fluorescence
measurements are performed on a multi-mode fluorescence microplate reader Mithras
LB%40 (Berthold) using the following settings: excitation at 485 nm, emission at 535

20 nm, excitation energy at 10000 arbitrary units. Fluorescence in each well is recorded
during 0.1 second every second and for a time period of 20 sec prior SDE-1 injection
(basal signal). Then 20 pl of SDF-1 are injected and data recording follows for a time
period of 2 min. Each experimental condition is performed in duplicate. Values for each
well are first corrected by substracting the basal fluorescence and the fluorescence

25  emitted by a control well without cells. Relative data are expressed as a percentage of
the maximal stimulation obtained by SDF-1 (100 nM),

SDF1 (100 nM) induced a rapid and strong release of intracellular calcium in
recombinant CHO/CXCR4, whereas no fluorescence signal was detected in naive CHO-
K1 cells. The maximal intensity reached > 140 % over basal fluorescence and was

30  observed at about 40 sec. upon stimulation by SDF-1; similar kinetic curves were
observed with U-937 cells (Figures 21A, 21B). Chimeric antibody ¢515H7 (133 nM)



Tyr Thr Leu Pro Pro Ser Arg Glu Glu met Thr Lys Asn Gin Val Ser 370375380 Leu Thr Cys Leu Val
Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu 385390395400 Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn
Tyr Lys Thr Thr Pro Pro 405410415 Val Leu Asp Ser Asp Gly Ser Phe Pile Leu Tyr Ser Lys Leu Thr
val 420425458 R4FEIEEer Arg Trp Gin Gin Gly Asn val Pile Ser Cys S&FARASEE10445 His Glu
Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser 450455460 Pro Gly Lys 465 <210> 66
<211> 239 <212> PRT <213> mus musculus <400> 66Met Glu Ser Gin Thr Leu Val Pile lle Ser lle
Leu Leu Trp Leu Tyr 151015 Gly Thr Cys Gly Asp lle Val Met Ser Gin Ser Pro Ser Ser Leu Ala 202530
Val Ser Ala Gly Glu Lys Val Thr Met Ser Cys Lys Ser Ser Gin Ser 354045 Leu Pile Asn Ser Arg Thr

Arg Lys Asn Tyr VEifadasTsiong ensh amosbzsswiels mhebirnc der BiF1ly$108unMirindured Trp Ala

Ser Ala Arg 6570d080\sipgneek GhV Rl iR MAda Ag1Rke Thr Gly Ser Gly Ser Glu Thr Tyr 859095 Phe
Thr Leu Thr lle Ser Arg val Gin Ala Glu Asp Leu Ala Val Tyr 100105110 Tyr cys Met Gin Ser Phe Asn

Leu Arg Thr Phe Gly Gly Gly Thr Lys 115120125
Example 23: Effect of anti-CXCR4 murine Mabs m414H5, mS515H7 and

5  chimeric Mabs ¢414H5, ¢515H7 on SDF-1-induced U937 cells migration
To evaluate the inhibiting effect of the anti-CXCR4 Mabs m414HS5, m515H7,
c414HS and ¢515H7 on the migration process, 100 000 U-937 celis in RPMI 1640
medium supplemented with 2% FCS, were plated in the upper chamber of migration
chambers (24 wells plates with 8-pum pore size) either m presence or in absence of SDF-
10 1 in the lower part of the wells and with or without Mabs c414HS5, m414H5, ¢515H7
and mS515H7 in the upper chamber. In this test murine IgG2a and IgG2b were
infroduced as an isotype controls. Two hours after plating, migrating cells were counted.
The results presented in figures 22A (for c414HS5 versus m414HS) and 22B (for ¢515H7
versus m515H7) demonstrated that, as expected SDE-1 was able to induce a significant
15  increase of U-937 cells migration, No effect was observed when cells were incubated
with the IgG2 isotype control. In contrast, for cells incubated with the c414HS5,
m414HS5, c515H7 and m515H7 Mabs, a significant and reproducible decrease in SDF-
1-induced U937 cells migration was observed: about 50% with ¢414HS and m414H5
Mabs and more than 80% with ¢515H7 and m515H7 Mabs.
20
Example 24: Anti-CXCR4 chimeric Mabs c414HS and ¢515H7 activity in
U837 mice survival model
U937 cells from ATCC were cultured in RPMI 1640 medium, 10% FCS, 1% L-
Glutamine. Cells were split two days before engraftment so that they were in
25  exponential phase of growth. Ten million U937 cells injected i.p. to female NOD/SCID
mice. Two days after implantation, mice were treated s.c. with .a loading dose of 2 mg of
c414H5 or ¢515H7 Mab/mouse and then twice a week with 1 mg of antibody/mouse.
Control mice recetved PBS injections as it has been shown in previcus studies that no
difference in survival was observed beiween mice injected with PBS and mice

30  administered with a mouse IgG isotype control. Mice survival was monitored every day.



Page 17 D26935 amended SEQUENCES PCT 23 11 10 ST25.txt Leu Glu lle Lys Arg Thr Val Ala Ala
Pro Ser Val Phe lle Phe Pro 130135140 Pro Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser val Val Cys
Leu 145150153160 L-ei-Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gin Tr, k %0% 65170175
Asn Ala Leu%g(?n Ser Gly Asn Ser Gin Glu Ser Val Thr Glu Gin Asp 1801§§ é%? e%@%%sp Ser Thr
Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys 195200205 Ala AS Tyr Glu Lys His Lys Val Tyr Ala CS
Glu Val Thr His Gin 210215220 Gly Leu Ser Ser Pro VAl Thr Lys Ser Phe Asn Arg Gly Glu Cys
225230235 <210> 67 <211> 469 <212> PRT <213> mus musculus <400> 67 Met Lys Met Trp Leu
Asn Trp Val Phe Leu V;{J@r Leu L %ﬁr.sngtfl 1?;0 5lle gj%n Cys Glu Val As é}eu }ﬁa I%u Ser Gly
Gly Gy Lea val Gin 200 A S e FoPT e P A LEH S EYEsaHatt S0P & B ThBhe
354045 Thr Asp ASHEH{rNAbE Sat T deaMatid\ pgGiipdfioadRtdnGhado/m Ala dren 5560 % lebdupLieu Gly
Phe lle Arg ASn Lys At A5 SHHTYLT 08 TRFA B pectivel.



65707580 Tyr Ser Ala Ser Val Arg Gly Arg Phe Thr lle Ser Arg Asp Asn Ser 859095 Gin Ser lle Leu
Tyr Leu Gin Met Asn Ala Leu Arg Ala Glu Asp Ser 100105110 Ala Thr Tyr Tyr Cys Ala Arg Asp Val Gly
Ser Asn Tyr Phe Asp Tyr 115120125 Trp Gly Gin Gly Thr Thr Leu Thr Val Ser Ser Ala Ser Thr Lys Gly
130135140 Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys _Ser Thr Ser Gly Gly 145150155160 Thr Ala
Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro 165170175 Thr val Ser Trp Asn Ser Gly Ala
Lev Thr Ser Gly Val His Thr Phe 180185190 Pro Ala \a Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser
Val Val 195200205 Page 18 D26935 amended SE@%&%S PCT 23 11 10 ST25.txt Thr Val Pro Ser
Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn val 210215220 Asn HiS Lys Pro Ser Asn Thr Lys Val Asp
Lys Arg Val Glu Pro Ly 52302 0 Ser Cys Lys T Th Pro Pro Cys Pro Ala Pro Glu
Leu 245250255 Leu Gl if B et arereg {55 REBPFH 205RE996 cu

Met lle Ser Arg 'Imrglﬂ{aaﬁlt;r\@nm{l%g MWl Mahﬂlﬁﬁt\@ 33@2&%5@)(61‘64@3&34}@&&@&3111 val
Lys Phe Asq Trpt}-lrg{rltvcacl)lnfi%)se%Iﬁlv?ollowing steps:

i) screening the generated antibodies and selecting antibodies capable to bind
spectfically to CXCR4 and also to modulate CXCR4 activation;

it) testing the selected antibodies of step i) and selecting antibodies capable to
induce CXCR4 homodimers conformational change, and then

10 1i1) testing the selected antibodies of step ii) and selecting antibodies capable to
induce CXCR4/CXCR2 heterodimers conformational change.

2. Process according to claim 1, wherein step 11) consists in evaluating
antibodies by BRET analysis on cells expressing both CXCR4-RLuc/CXCR4-YFP and
selecting antibodies capable to inhibit at least 40 %, of the BRET signal.

15 3. Process according to claim 1, wherein step iii} consists in evaluating
antibodies by BRET analysis on cells expressing both CXCR4-RLuc/CXCR2-YFP and
selecting antibodies capable to inhibit at least 40 %, of the BRET signal.

4. An isolated antibody, or a derived compound or functional fragment of same,
susceptible of being obtained by a process as claimed in claim 1, said antibody

20  consisting of a monoclonal antibody capable of inhibiting at least 40 %, of the BRET
signal on cells expressing both CXCR4-RLuc/CXCR4-YFP and/or CXCR4-
RLuc/CXCR2-YFP.

25

30



290295300 Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser 305310315320 Thr Tyr
Arg Val val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu 325330335 Asn Gly Lys Glu Tyr Lys Cys Lys
Val Ser Asn Lys Ala Leu Pro Ala 340345350 Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg
Glu Pro 355360365 Gin Val Tyr Thr Leu Pro Pro Ser ArgsGlu Glu Met Thr Lys Asn Gin 370375380 Val
Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala 385390395400 Val Glu Trp Glu Ser Asn

Gly GIn Pro Glu Asn Agn Ayiahi8oty; 3he 405440445 RyiemBier Viad dein AdnGeeds Gl eafieePhe

Leu Tyr Ser Lys Leu 420425430 Thr Val Asp.Lys Ser Arg Trp,Gin Gin Gly Asn Val Phe Ser Cys Ser
435440445 Val MdPRis &8 AR EIGHY ASHES FRpAicERrd y- st 4, g 6h SBI &by Pro

Gly Lys 465 <21Q,88md bk TiArorad Zra e 92 33mdnus sl bsedl us (e Qo568 aiggagicat aggcccagat
tcttatattg ctgctgctat gggtatctgg tacctgtgggb0 gacattgtga tgtcacagte tccatcetee, ctggetgtgt cagcaggaga
gaaggtcact120 atgagcticdaatetRgha FEgftgie shcytipaadcrh LRGHarela SRTT8 Ptgititeage
agaaaccagg geagigigetiagactgctga tetactggge atccactagg240 gaatetgggg tecctgateg cttcacagge

agtggatctg ggacagattt cactctcacc300 Page 19 _
- a light chain comprising, according to IMGT, the CDR-L1 of the sequence

SEQ ID No. 1, the CDR-L2 of the sequence SEQ ID No. 2 and the CDR-L3 of the
sequence SEQ ID No. 3; and
- a heavy chain comprising, according to IMGT, the CDR-H1 of the sequence
10  SEQ ID No. 7, the CDR-H2 of the sequence SEQ ID No. 5 and the CDR-H3 of the
sequence SEQ ID No. 8;
b) an antibody, or a derived compound or functional fragment of same,
comprising:
- a light chain comprising, according to Kabat, the CDR-L1 of the sequence
15  SEQ ID No. 9, the CDR-L2 of the sequence SEQ ID No. 10 and the CDR-L3 of the
sequence SEQ ID No. 3; and ' _
- a heavy chain comprising, according to Kabat, the CDR-HI of the sequence
SEQ ID No. 11, the CDR-H2 of the sequence SEQ ID No. 12 and the CDR-H3 of the
sequence SEQ ID No. 6;
20 ¢) an antibody, or a derived compound or functional fragment of same,
comprising: |
- a light chain comprising, according to IMGT, the CDR-LI of the sequence
SEQ ID No. 40, the CDR-L2 of the sequence SEQ ID No. 2 and the CDR-L3 of the
sequence SEQ ID No. 41; and



D26935 amended SEQUENCES PCT 23 11 10 sT25.txt atcaccagtg tgcaggctga ggacctggca gttttttact
gcaagcaatc ttataatctt360 cggacgttcg gtggaggcac caagctggaa atcaaacgta cggtggccgc tcccagegtg420
ttcatcttcc ccccaagcga cgagcagcetg aagagcggca ccgeccagegt ggtgtgtctg480 ctgaacaact tctaccccag
ggaggccaag gtgcagtgga aggtggacaa cgccctgcagb40 agcggaaaca gccaggagag cgtcaccgag
caggacagca aggactccac ctacagcctg600 agcagcaccc tgaccctgag caaggccgac tacgagaagc acaaggtgta

c%cctgtgag%ozgtzgaccca@q;a%@g@ﬁtgﬂ:@ﬁgﬁ?@@gt%%@gg@mﬁmmmggmﬁlg@fgﬂ%@qﬁaﬂ@? 69
<211> 1404 <212> DNA <213> mus_musculus <400> 69 at aaéé:!ta%té%gctg%%%tcgag tgttcctg gtgaccctgce
0cPBabact

tgaacggctt ccagtyegadso Gtgahdti g Riagtctd SPEGHEYGRE St 89 120

tgcaccacct ccggeligan siisacsgpaNaciacatgn gctgggtgeg ccagagecec180 ggcaaggecce tggaatggct
gaccttcatc cggaacaagg ccaacggcta caccaccgag240 tacagcgeca gegtgaaggg ccggttcace atcagecggg

acaacagcca gagcatcctg308tateiiedya fJadcaCteed cHyTROYAS GEcitosdcErERT c§ciABac360
atccceggct Egcciasig-gggecagggc accetggtga cegtgteege cgecagecacc420 aagggeccaa gegtgtteee
gctagccecc agcagcaaga gcaccagegg cggcacagec480 gecctgggct gectggtgaa ggactacttc cccgageccg
tgaccgtgtc ctggaacage340 gy é’%ﬁ@%‘@@&gﬁ@%ﬁ%ﬂ&t (¥ g%&écé%ﬁc%&%gégegébfg%@%%oo
agcctgagca gegiggyan ogioeecags agagociaacasriaRacHacatciaial agegtuaarracaadagead
caacaccaag gtggacaaga nggi agcc caagagctgt720 gacaagaccc acacctgccc cccctgeecca geecececcgage
tgctgggcegg acccEGEEHGF %%g ttcehagee caaggacace ctgatgatca gcagaaccce cgaggtgaccg840

tgtgtggtgg tggacgtgtc CC%E@&%TE&@R%&QJQ%;@E%%@H&%@F%M%Q@? QE@QE?Q?H&HQ%@@@&%&
caagaccaag cccagagagg agcagtacaa cagcacctac aggg ccgtgctgac cgtgetgcac caggactggce
tgaacogcahigad ARy 1520 bR doRIeA K Ab SeeRsEchEoL KMo H e & okl of the
CaaggccaaglOSQequencc SEQ ID No. 43. '

6. An antibody, or z derived compound or functional fragment of same,

accordinig to claim 5, characterized in that the said antibody, or derived compound or
functional fragment of same, is selected in the group consisting of:

15 a) an antibody, or a derived compound or functional fragment of same,
comprising a light chain sequence comprising the amino acid sequence SEQ ID No. 13,
and in that it comprises a heavy chain sequence comprising the amino acid sequence
SEQ ID No. 14; and

b) an anttbody, or a derived compound or functional fragment of same,

20  characterized in that it comprises a light chain sequence comprising the amino acid

sequence SEQ ID No. 50, and in that it comprises a heavy chain sequence comprising

the amino acid sequence SEQ ID No. 51.

25
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ggccagccaa gagagcccca ggtgtacacc ctgccaccca gcagggagga gatgaccaagl140 aaccaggtgt ccctgacctg
tctggtgaag ggcttctacc caagcgacat cgccgtggag 1200 tgggagagca acggccagec cgagaacaac tacaagacca
cccecccagt getggacagcl260 gacggcagct tettcctgta cagcaagctg accgtggaca agagcagatg
gcagcagggc1320 aacgtgttca getgetcegt gatgcacgag gecctgcaca accactacac ccagaagagce1380 Page 20
D26935 amended SEQUENCES PCT 23 11 10 ST25.txt Bagcctgt ccccaggcaa gtgal404 <210> 70
<211> 720 <212> DNA <213> mus musculus <400> 70 atgg;gt_cac agactctggt cttcatatcc atactgctct

ggttatatgg tacctgtggg6d dhdaHgRatesemttcsilesied deadybrifgmadied ghdae oo dbacatistr

atgagctgca aatceRgica 9patEIHE IRGaBisIRR CeraaadRa Glasrtagriisiilagiateacs agaagecagy
gcagtctcct aaactgctga tctactgggég: atccgctagg240 2g)£519§[ctgg g tccctgeteg cttcacaggce agtggatctg

c
agacatattt cactckéatandostistiydegty thchgcigaldyies él‘ﬁﬁ%&ﬁ&tg(&@atgcaatc ttttaatctt360

cggacgttcg gtggaggcag CRAGGIRNRR AR FA 1R HOYTEHG 1CLLRAIGALA difAtCtice ccccaagega
cgagcagctg aagageggcea ccgecagegt ggtgtgictg480 ctgaacaact tetaccceag ggaggecaag gtgcagtgga
aggtggaca& cgccctgcags49 ages carg@cég@é@ég %@@ﬁé&éa@fcaf%‘é@&iagﬁﬁ%&c@% same,

ctacagcctgb00 ageageaess (Gannactdag adeceacacaaoanys ALRa40 0 A CORRIIINAAR6RH veq
gtgacccacc agggcctgtc cagccccgtg accaagagct tcaacagggg cgagtgetga720 <210> 71 <211> 1410

<212> DNA <21@spumdrseakiioaadobsemerigh syagycopstiaat fycgirptccgtiigicctge tgaacggeat

ccagtgcgaab0 gtgaaccigg Egﬂa%%y,g%gga&éﬂ\%@%ﬁlﬁmqgﬂ%&&%ﬂa&%@&#@ﬁ%&féeacct
ccggcttcac cttcaccgac aactacatga gcetgggtgeg ccagecccct180 ggcaaggcecc tggaatgget gggcttcatc

cggaacaagg ccascouitg cactaisegaczgmctenized in that the sad antibody, or derived compound or

10  functional fragment of same, is selected in the group consisting of:

a) a chimeric antibody comprising a light chain sequence comprising the amino
acid sequence SEQ ID No. 64, and in that it comprises a heavy chain sequence
comprising the amino acid sequence SEQ ID No. 65; and

b) a chimeric antibody, or a derived compound or functional fragment of same,

15  comprising a light chain sequence comprising the amino acid sequence SEQ 1D No. 60,
and in that it comprises a heavy chain sequence comprising the amino acid sequence
SEQ ID No. 67.

11. An isolated nucieic acid characterized in that the said isolated nucleic acid is

selected among the following nucleic acids:
20 - a nucleic acid, DNA or RNA, coding for an antibody, or for a derived
compound or functional fragment of same, according to one of the claims 4 to 6 and &
to 10;
- anucleic acid complementary to a nucleic acid as defined in a); and
- a nucleic acid of at least 18 nucleotides capable of hybridizing under highly
25  stringent conditions with at least one of the CDRs of nucleic acid sequences SEQ ID
Nos. 1510 26 or SEQ ID Nos. 52 {0 61.
12. A vector composed of a nucleic acid according to claim 11.

13. A host cell comprising a vector according to claim 12.
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aggcaagtgab410 16. An antibody, or a derved compound or funchional fre?g%?e%%cégase%ggtgtcccc
according to one of the claims 4 to 6 and 8 to 10, for use as a drug.
17. A pharmaceutical composition comprising as an active ingredient a
compound consisting of an antibody, or a derived compound or functional .fragment of
same, according to one of the claims 4 to 6, 9 to 10 and 16.

15 18. A pharmaceutical composition according to claim 17, characterized in that it
comprises, in addition, as a combination product for use in a simultaneous, separated or
extended fashion, an anti-tumor antibody other that an antibody directed against
CXCRA4.

19. A pharmaceutical composition according to claims 17 or 18, characterized in

20  that it comprises, in addition, as a combination or conjugation product for use ina
simultaneous, separated or extended fashion, a cytotoxic/cytostatic agent, a celtular
toxin and/or a radioisotope.

20. A pharmaceutical composition according to one of the claims 17 to 18, for
use as a drug.

25 21. An antibody, or a derived compound or functional fragment of same,
according to one of the claims 4 to 6, 8 to 10 and 16, and/or of a pharmaceutical
composition according to any of the claims 17 to 20, as a drug for moduiating CXCR4
activity in a cell. _

29, Use of an antibody, or a derived compound or functional fragment of same,

3¢ according to one of the claims 4 to 6, 8 to 10 and 16, and/or of a pharmaceutical

composition according to any of the claims 17 to 20, in the manufacture of a
medicament for prevention or treatment of cancer.

23. Use according to claim 22, characterized in that said cancer 1s & cancer

selected
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among prostate cancer, osteosarcoma, lung cancer, breast cancer, endometrial cancer,

multiple myeloma, ovarian cancer, pancreatic cancer and colon cancer.



