SCREENI NG FOR ANTI - CANCER COVPOUNDS USI NG NETRI N-1 ACTIVITY The
subject matter of the present invention relates to an in vitro nethod
for the 5 screening of anti-cancer conpounds based on the capacity
for these conpound to interact with netrin-1 and/or to inhibit the

di nmerization of the intracellular domain of the netrin-1 receptor
expressed in tunor cells. The invention also relates to a nethod for
predi cti ng t$REENBEeACR AT ERNGER AIO0MEOW®A CEIINGOFETRON-IdarervnThi ng t he
efficiency of an anti-cancer treatnent based on the neasuring of the
expression |level of netrin-1. The invention further conprises 10 kits
and conpounds as a nedi canent for the treatnent of netastatic cancer
such as breast cancer, related to the overexpreSS| on of netrin-
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in the hungis BaLhQAI0&Wironment with constant and limited ligand presence or migration of
metastatic tumor cells towards tissues where the ligand is not expressed. A selective

advantage for a tumor cell would then be to lose the pro-apoptotic activity of its dependence

30 receptors. It was predicted from genetic screens that the C. elegans netrin-1 -UNC6-
interacted with UNC40 and with UNCS %, Four orthologues of UNC5 were identified in



10 is a causal factor for tunor progression. However, although an
initial series of reports supported the fact that DCC acted as a
tunor suppressor (for a review see 29),_ doubts have arisen, mainly
because of the rarity of point nutati ond in the DCC codi ng sequence
and because of the lack of tunor predisposition in DCC hem zygous

m ce 41. However, the nodel described above predicts that both |oss
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of cancer, erein Sald nmethod conprises 5the follow ng steps of:
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fragment tdgefng stratégyablugedeptuniopedgtdssiah.l y 1 nteract together to forma
bi nding pair, and/or 10- said netrin-1, or a fragnent thereof, is
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conpound to be Sufsisitgly, the inventors have first demonstrated that, rather than losing.metrin-1

dependence receptors, the majority of metastatic breast tumors show increased netrin-1
expression, a trait that may be used in therapy to trigger death of metastasic tumor.

25 If the pro-apoptotic signaling of DCC and/or UNCSH is beginning to be
documented, an important question in this death/life signature dictated by DCC, UNCSH
and more generally by the other known dependence receptors, is how does the presence of -
the ligand inhibit their pro-apoptotic activity *°.

In a second time, the inventors have analyzed whether netrin-1 induced DCC and/or

30 UNCSH multimerization could be the critical step that inhibits DCC and/or UNC5H pro-
apoptotic activity. Surprisingly, they have demonstrated that netrin-1 receptor, such as DCC



c) - neasuring the inhibition of the interaction between netrin-1, or
a fragnment thereof, 15and said netrin-1 receptor, or a fragnent

t hereof, and/or. - determ ne whether said conpound inhibit the
di merization or multinerization of said netrin-1 receptor, or a
fragment thereof, particularly the dinmerization of the intracellular
domain of said netrin-1 receptor; and d) selecting said conmpound if:
20- the neaslori HYCSH swpnaizesienomsponset 605 natrist lgrd fprecgsst PYLig ki inhabit
of the interaction between netrin-1, or a fragnment thereof, and
netrin-1 r&BPfSr, or a fragnent thereof, in presence of said

conpound, and/ O a first aspect, e S8cat v &rioh dNdikdatedte pn ) vicke muxisidrfat etecting
significantly inhibition of the dinerization or multijnerj zagggn of .

sai d net r | acampasgd frrdhe prsvention s fiedrratment peencer Whefewswilmetbed poranyisgs
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of sai ?ne?‘?ﬁﬁi—o‘%’%@%?@r. By the terms interaction between
netrin-1 amchaving ameddivinm edntaieimg peoin;1, ot a fragmett ¢hetend, dnd adeinghmceptomor a
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menbr ane déemedimolaid nerimbracERion receptor, or part thereof). In a
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is characterize cance e prevent or treated is a
cancer whegei n tmemwirdlg the inhibitonpofabsintractvebawperessrim &t ariarfragmefiCthereof,
anot her_preferred enbodi nent, éhe rreé?od according to the present

i nvent Fon- s saidgeliir brecsnter i rggent Weob 2% 1o be prevent or
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colorectal cancer, lung cancer, neurobl astoma, glioma, acute nyeloid
| eukeni a, st oeiry-1 meteptoner oVisgoent dbkeafc padiculans, theedmerization of the

adenocar ci nopma ncreati ¢ adenocarci nona, . ut erus adenocar ci nona,
stomac ade &%ﬁnggﬁ‘g%a,‘mﬁf%‘gvtﬂ% IFERRE 4P i noma and rect al
adenocar ci fRRcting said dofhpati@i dter preferred enbodi ment, the net hod

according to the present invention is characterized in that said .
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receptor iS preferably ’
presence of said compound, and/or ¥
- the determination in step c¢) demonstrates a significantly inhibition of the
dimerization or multimerization of said netrin-1 receptor, or a fragment thereof, in presence
25  of said compound, particularly the dimerization of the intracellular domain of said netrin-1
receptor.
By the terms interaction between netrin-1 and its netrin-1 receptor, it is intended to
designate in the present application the interaction which result to the selective advantage

for tumor cells to eséape netrin-1 dependence recéptors induced apoptosis, preferably due to

30 elevated netrin-1 level. -



20 selected fromthe group of DCC, UNC5H (particularly UNC5HL, UNCS5H2
and UNC5H3), neogenin and the adenosine A2b, nore preferably sel ected
fromthe group of DCC, UNC5111, UNC5H2 and UNC5H3. I n anot her
preferred enbodi nent, the method according to the present invention
is characterized in that at step a): 25- said netrin-1 receptor
fragnent conprises or is the extracellular domain of the netrin-1
receptor, or pa¥o thehiehribigpn gbthis intsractiereeandte ohtained e example: bydhgigaiplete or
said netrin-1.receptor aghent c S of. s the i acel | ul ar
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particul ar aspect o e ne e present invention, a
sai d net r i medptarsorfpannherduifc ken. I n anot her preferred
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i mmunoassay 10 (particularly by ELISA or by I mrunoradi onmetric Assay
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mul tinmerization, or i ts I RAbIt] on, sald netrin-1 receptor,
fragment tgaecreafc, apaiotarcinbmas, wtdrive aderfocarcmbing atontho madenpcaranang, r kiddey
out by nopreci pitati on or FRET. 151 n another particular preferred
enbodi Ment2deRIeACRSMISH 5€96W%Pﬂﬁ“?8m?%e present invention is

characterized !Iﬁ‘ ah&tRdr ;ﬁéfcﬁé@&n@c)dhﬁéﬂt}jth@?x@tﬁﬂa‘ efé@d’r&ﬁk RS ttfeeﬂrles%nﬁ’\f&lbé‘dﬂion is
express at their surface nenbrane an endogenous or a reconbi nant

netrin-1 robsepieared ipdhatisgidl candey ta be peaviehli oratndated s paueshstaticar ajoaggiensivs
said netri n-le receptor. In a preferred enbodi nent, said
reconbi nant "Wt rin- 1 receptor also conprises the 20intracellular

domai n of sai dINehé infethodr BEORINGY to ltie afvehti@] spidr hdtEat] afecdpi@f B preférably
enbodi nent, the method accordi ng to the present invention is

char adPer issleeteqd fromtihe swip f BFCa (paggnianty EBYSH In I NGoEBragd NEIEE),
prefer abl Yeogenin and the adenosine A2b, more preferably selected from the group of DCC,

- UNCSH1, UNC5H2 and UNC5H3.
In another preferred embodiment, the method according to the present invention is
characterized in that at step a):
25 - said netrin-1 receptor fragment comprises or is the extracellular domain of the netrin-1
receptor, or part thereof able to interact with netrin-1; and/or
- said netrin-1 receptor fragment comprises or is the intracellular domain of the netrin-1
receptor, or part thereof able to dimerize or multimerize in presence of netrin-1.
In another preferred embodiment, the method according to the present invention is
30 characterized in that said netrin-1 or/and said netrin-1 receptor are from mammal,

particularly from mouse, rat or human.



metastatic tunoral cells, which express endogenously said netrin-1
receptor at their nenbrane surface and whi ch express or overexpress
netrin-1, and wherein at step ¢c) the 25 inhibition of the interaction
between netrin-1 and its netrin-1 recep?or in presence of the
conpound to be tested, is neasured by the apoptosis or cells death

i nduced by the presence of the conmpound to be tested, preferably

anal ysed usi ng Inhepattiopfranspetind tist method gf tie pheseht aisventiati, abstepda)i saidtegin-1
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conpound tERWE tested; d) optionally, determ ne (for exanple by the
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A m ]
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determ nation ,i.n step denonstrates ‘the, cell death of said nmanmal
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or an aggressive cancer (such as neuroblastone) in a patient having a
pri mar3P t unacellulondamdin opxid nefricshragepiar.i ent contai ning 25 prinmary
tunors cells, said tho onprd si he foll.ow n te f
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compound to be tested, is measured by the apoptosis or cells death induced by the presence
of the compound to be tested, preferably analysed using the trypan blue staining method as
indicated in the examples below.

In a preferred embodiment said tumoral cells are selected from the group consisting

30  of 4T1 cells, CALS! cells, T47D cells, SKBR7 cells, IMR32 cells, GL26 cells and H358

s



7 In a nore preferred enbodi nent, the nmethod for predicting
accordlng to the present invention is characterized in that a ratio
superior to 2, preferably to 2.5, to 3,,to 3.5, to 4, to 4.5 and to
5, between netrin- I expression in the b?opsy to be tested and in the
non-netastatic or non-aggressive reference biopsy is S|gn|f|cant of

the presence of a netastatic 5 or an aggressive cancer.
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adenocar ci noma pancreatlc adenocar.ci nong, ut erus adenocar ci noma,
st omac2laderePir @ndeni th fetpayinatign i stsp &) ﬁaﬁ@sgﬁfes the celh deafly ghgpid mammal
carci noma. ..;y I n anot her aspect, the present invention is directed

to a kit for the selection of a conpound for the prevention or the
treat ment of cdmcesecomhesect th@ticbsdt tinvambipn iis @gected to an in vitro method for

predicting the presence of a metastatic cancer or an aggressive cancer (such as
neuroblastome) in a patient having a primary tumor from a biopsy of said patient containing
25  primary tumors cells, said method comprising the following step of:

(a) measuring of the netrin-1 expression level in said biopsy.

In a preferred embodiment, the method for predicting according to the present
invention is characterized in that at step a) wherein an increase of the netrin-1 expression
level in said biopsy, compared with expression of netrin-1 in non-metastatic primary tumor

30 biopsies or in non-aggressive cancer biopsies is significant of the presence of a metastatic

cancer or an aggressivc cancer.,



5- a netria-1 receptor protein, or a fragnent thereof able to
specifically interact with the netrin-1 protein to forma binding
pair, preferably reconbi nant protein,; a,Pd - netrin-1 protein, or
a fragment thereof able to specifically'interact with said netrinl
receptor protein to forma binding pair, preferably reconbi nant
protein. Said netrin-1 receptor being also preferably selected from
the group of Ddaz mee pNGSred(qubotingant, dld wpet predigsias prcogdies ONEEPRjent

neoge, ni n and_t he adenpsin .. ore pref erabl | .ect r t he

G oup. of " cerentiRgs HERRE AETR] o T SaPlsF o MRS o ST B
such as fromaaBUSES, Bobkedal ndbtii R Nexplssien I eecbiopsy ®NMbedéstednind inathd rdoint
conprises: - tunoral cells which ex%r ess netrin-1 receptor and which

express ormggEitiIesegrssiyelefarency biopay isistemificantofdhe pesqupgpf 2 metastatic
netastafic_t el ine, preferably selected fromthe group
consi sffit ngoro#%gé’@éfi”%%%% e|"s, CAL51 cells, 147D cells, SKBR7 cells,

| MR32 cel l's, OlURG thed hpeat) theH&BniCialérsion nodiadeted t6AhMetloel for Heteresning in
such as CAL51-36 cell I(iétne, whi ch are _nuch nore. susgﬁgti bl.e to.éegffl Ih
death in ré¢pdselEisnpned Fr HLarRecr STeatRE! FE ARAICR O FHEF NG BREES, Who
the presentsoR¥EBlal PLLiSOMP-EDES tRabRAD WM theBRlR6MBHsihg MRS idstGy P
consisting of: a conpound conprising an extracel I'ul ar domai n of
netrin-1 recept(arobtainihg agrimaty ttuner eiopsyaif bad treateppatient; ewd | y i nhi bi t
the interaction, between t nehi n-1 and said.netri.n-1 receptor,

and oriGbl e t o PHAMBRENE HareRatT sAp B onIR il BTNVt ton of sai d
netrin-1 rgeghke efficiedcy sRGMEMt-EMeirafhimdnbid doteladed With ehel dtbielietoftthe
intracel lular domain of said netrind 25 receptor, and a nonocl onal

or pol ycl cimgungefithepeitindicxpression lsysd srepsued ipgaid BEIPAS O net ri n- 1 or
netrin-1r i j e &8X i
of sai d nersoran fhe o LR wholchBEh B sheriiCuli e Sph il o YR
i nteract wlidne tiee axintasfethe ulearin- tl expriessiof level themsatadi in- theirddepy dras bdén
as a nedi cn(ggent. am no aci d sequence of human netrin-1

9 .. Th
or hunfeh WP@E@&W"@%&%@@‘E}N@M, UNC5H2 and UNCSH3 (Unc-5
homol og 1, 2 ang ,3,§edd/ahsidiméR, M@]&e&oaqwe%mﬁﬁn&nqﬂﬁo e eBficgent® bf ?]n

known. by the skill'ed man. Exanple of these am no acid sequences with
t he | ocal i aéitdaneer trkatirieni for ppatiént ot & selostmigrpatients Who tesporuls itha cresiiigraati-

under 5 the accession.nuynber . 1 qr. NP.004813 for human .
ot n 1 R GERTIS i1 R A PR AL PUbr 8 RErearER oD of ggissh
for netri mpdRe anlMétaddii-dr anap@tRdedadedd 095185 for Unc-5 honol og 3.
Preferably, in the conpounds of the present inventiogn, said

extracdd | ul ar deawrefersnd eveodiment, the methipd & pspdiqtion grréddetepaipgrin pigro the
sel ect ed H%ff?ﬂ%&c &f %O%-%L%% en%&] Q'B%t‘%gtafst éh%c&ﬁ&%’d i e

and UNC5 neogeni n an 0SI ne nore preferably selected
fromthe gieolp]l ekptsion phddbidlis HANGSHR anclitfNGbidd;1, parteufarlefrecaalnky by a
frommmammal such as from npuse,_ rat, or hunman. ] n _a_nore )
pref er r ed BANHH IR IMETCHersORHR fode e dhat &leteépfeﬁ%orbieéééﬁpcmn-l which

i nvention ' I ind ' nelkiklz GeRiRsd fdi
Do o of A SHERE-EE R 88 ikiBeR do hafind SR Rl Biiofady bPAGRIA LR
anot hé5 aspeuific arttivedips ade tit specifieailyiresogpiee sad netrin-d préteinuse of t he

| evel of netrin-1 expressi,on. as mar ker .for the ident,ficatiaon of

et astati o candiz preREs ot ShORERER oy M hp € Rl Bing 3 v the
col or ect alefGAe9of alt HRi-ERSEr tRAIRE FRd pafénd & dhbRcteR)aSh &lat the FBAS! tumor

cancer.
is a primary tumor of a cancer selected from the group consisting of breast cancer,

colorectal cancer, lung cancer, neuroblastoma, glioma, acute myeloid leukemia, sarcoma,

30 melanoma, ovarian adenocarcinoma, renal adenocarcinoma pancreatic adenocarcinoma,



I n anot her aspect, the present invention pertains to a nethod of
treatnment for 20 inducing the apoptosis or the cell death of tunor
cells which have acquired the sel ective advantage to escape netrin-1
dependence receptors induced apoptosis,3preferably by el evated
netrin- | level, luta patient conprising adm nistering a conpound
able to inhibit the interaction between netrin-1 and its netrin-1
receptor, ateaeNpdEiochraidnga, t stoinadi ddiehochimothapekidiegnt adenocurcitdmea and rectal
mul timerization Qf the netrin-1 receptor, a conpound according to the
25 present AHOGRRBI- or sel ected by the method of the present
invention, in sgid.pefLeRl W feRAt Mb&fRAlis directed to' & kitTOf HelseRERACSS a
the present invention pértains to a nethod for the prevention or for
t he treat membpanhd Gatiegrevention pethé weatmenswp eansernyherdimisaidkitepinpgses:

conpound according to.the present inventio or | ect ed.by;.t. -
met hod df the pr aeg"’éﬂ’t"lirﬁ‘ifgﬁ’f PERE™ K % é}galeBg?’lergﬂg %?%Foﬁeﬂg%%[ytlﬁgrrago‘?{m
10 Thehe Re@RE BroleBMB TorhPNbiBHIBS p&if) Padrerasly récombinast bteid; &@mpound
according to the present invention, or selected by the nethod of the
present i nvent i otetrin-bprotgie oraftasmentthaeqffable tﬁé@ﬁctféﬁ%’tn@%ﬁ withgaid nefrin-
revention [ e . ] i ng man.

Ilgr ef er abl y1 g%f’éﬁi%%%@r% ?@H}aa %?%gp %if’ip ééf%?ﬁg%gglrnéa}sl |{)/tgﬁ{bagcer. Shor e
preferably, in $die nerinbiogdecaptot rhempnadsyt preferabily tshlected drond the gomup oefnBCC,

according to the present_jnventjon, sai is selegted fromt
group %nsmsﬁdpﬁ?m‘ﬂ?@éwcégﬂ CQPI,C_Sgg I%‘?Q@@?ﬁéd‘ﬁe@mn "r“‘ér‘ilbﬁ aéiﬁ?l%sé“tc,‘&%’
neur obl ast QR ,rftaB eIe@t‘é&l”ﬁ%rrf%x@ bRjufl of BEES TINGSERQURUHR? 8 ANOSES, more

ovari an adenocarci ndnm, rena denocar ci noma pancreati c
adenocar ci prefesblyufren usneckd vedeasdronomayse staberdwinadenocar ci nona, ki dney

adenocar ci noma and rectal .10. adenocakci nona. More preferably, in
the method of pﬁ@ﬂ?@ﬁ#@bﬁ”@'ﬁéa@}g°8fnpgse@brrpoynd according to the

present inventiofmoldl el bvﬁﬁh%x@fé@i_ietﬁx@h |r8cepfor 28d SvhEcANEPrese ¥PbRSEKpadss
over exgﬁr ess netrin-1. The term "anti body” as used herein refers to

i munobf obugtiivr 1 nparteulirbscells drons metasiate peralagally linge profaaliy selegied frgm the
i nmunogl-obul | | @S.c 4mi€ tad NN

bi i ng. o1 EQobAPRIERY SER 4T Foeys PARSH (AR, raRh SOE IR Sl RS cels,
netrin-1 pGheekellsand HI8rellspiotbly CALS1 dElitiess such an0AIGdIB5 el tipe) whish
nonocl onal or polyclonal antibqdies but also chineric i zed
ant i bodi ese¢ Ssh “}Oéfiﬂ“é‘fe@élglﬁé? F&rfieft PB‘TSB?WCH%&‘FIB’E"FW‘E? ?&Sggﬁ %F'

protein, or a »SIH%thEPa%)EéEQH%_ redeREIeHtiof AmBRsdSL bAoA stIBIHI BERNhe
to generate antibodies that bind such protein using standard
t echni Auesgibop couisteg ehal and nonocl onal anti body preparation. It may

be al so possible to use,any fr.agnent of. these protein ich contain

at |east one ant? @%?ﬁognagwﬁpmlggm Cmeli)“é:ardgog’(fgf 8tt‘be§‘}\1§¥m5?c rktoﬁ 1rs%ergléme%lt :
speci fi-c affbicBOMIES0 spRifidallP eibit (HEMRLGE0n byiRicekleyndisn-Usad shid netrin-1
prepare antibodi es by immuni zing a suitable subject, (e.g., rabbit,

goat, mousksceptoroandér ahkerierintybithe Himasgatonrubigaerizaion eyl ceptor,
| munogent & Qrf?at%?{%ﬂgtﬁ kh%ger??,?ﬁaéﬁﬁgﬁe@an% grgljﬁlﬂt %O}ﬂ%&l%%SJOéf?gﬂﬁﬂngid netrin-1

thereof, afd*fu uvant, suc
conpl e2% ofecépierpia et e adj uvant, or simlar inununostinulatory agent.

30Thus, antibody for use in accordance wth, the inv&gti on i.nclu

. . de
ei ther pol ycl ormaf, MeRSRrIBRo PR PORYHPRE bRy AlSFRIG SR6G ALY Bt etrin-1 or
anti bodi es, gl ¢ LRpRE! fafticulaflildkB8 to BE ¥cEMular domain of said netrin-1 receptor

or to the netrin-1 fragment able to interact with the extracellular domain of said netrin-1

receptor,

30 as amedicament.



11 selectively bind to an epitope-containing a pol ypeptide conprising
a contiguous span of at least 8 to 10 am no acids of an amno acid
sequence of the netrin-1 protein or its_receptor. A preferred
agent for detecting and quantifying nRNA or cDNA encodi ng netrin-1
protein, is a | abeled nucleic acid probe or priners able to hybridize
this mMRNA or cDNA. 5 The nucl eic acid probe can be an oligonucl eotide
of at |east 10, Thé&amB®, adid sequedi@Oohbehsonetdes pmhimannerigigeeptor such as

suf ficient ecif] I i.di ze under stringent.conditions t
The i oF NEERR: PGSR YRGSy B e Rondhe o £ A SRR et ta-
of at | eashodBiogl Band @) AHCKEIPKhRS bY thd &MBIdNmaN Examblel o tRéte afino acid
specifically hy%rl di ze under stringent conditions to the mMRNA or

cDNA, or ceequerase mithrthe loggjizethercof their paticularndqmait eqny egfonpd iy Opnhank under
detectipg and_guantifvi.,n rin [ ' i e

to bi ndgs pgl& ?‘I%S%I(Inyn%c‘)be? h‘%’gﬁ%%? e‘%’rngg)p% Eefaf I };}ﬁrgar{lagﬁt? ?662@1 Tﬁggﬁbafor
det ect abl ehhabehetriAfdceftotURs S Gdmmolog 1p QSYAN dawedetrimrecepordlpr £hemalbg R ,and
monocl onal . An_intact antibody, or a fragment thereof (e.g., Fab or

F(ab')2) c5b® fgslac->hawologPm " | abel ed”, with regard to the probe or
antibody, is in - S ibsch@Ro4kiBS, Bl xBScdPLAPRLREn of
anti body by 15 (}é%up ?‘h%‘g?@gmg‘?}é’?cé’ﬁﬁysﬂ I nki nlg)’ a dé(t e((;:t abl eO e
subst ance hetrihte rgpepibe oorfragntenbdbycofais sebected a§omnidier grovp |obeCCndINESH

the probe or antib r I vit i not her. reagent, t hat |
ai'reot 191 Gseralry AL OE St and SNCHBeRtorghn AEFEchantetile Mo me
a prinmary g{é’férWIéeIH&édIQro?ﬂ tHeupots eidy, UNTsHad UNCIHI @i/ UNTIHB) diore
and end-1| abeling of a DNA probe with biotin such that it can be

det ect ed wpreferfiily Gowgeamnilputtaisdiostimonicerst entivanan. 20For exanple, in
vitro techni ques for det | O f. ndi m'%' :
hybri di zat i ons ];‘na Iy pg?tgxﬁ%?}g?o%gp gng’tslgbdﬁc;%?n%lon Vit Er)o gg%\%%@%g?ntlon
det ection edmpries Ganditertular dbhin b aletiihe] asepwe fromkDAC, preferably said
i mmunosor bent assays- (ELI SAs Vestern bl ots, imunoprecipitations

and i n%un%mWQ%QQQ@C'FﬁO%))FPOSWBChni ques for detection of

candi date cDNA jngl ‘ t her e [Ny &- YN o) i du@i 1
enconpasses Ki tisnn%gyggﬁﬁﬁ % i ﬂ%aéa%(ﬁgbgfgég bg Pﬁsnté)ﬁtlﬁ%\h%}%%ﬂgtggvﬁy%ém
kit can coeypresienas hairekedoctbepteutification efimntstetapeibte inh pgtikubtpiréfyiably of

these proteins, .Said agents .can be packaged in.a.s tabtl C ntalner.
The kit cacraiinBFas Shyesel qur s moReralred Eingdhg e gt ceicer
quantify the | eyehndtortddfechombi flesbndERERIOA Mrtaitls foh® niveidd Bf dreatment for

transcript. 30ln certain enbodinents of the nmethod of the present
i nvent 2&n, indheing dheeapepiosis oo theotell drathneft tninar gellsrlriele haystasanirsdolbe selegtive

use of a probe/priner in a_polynerase chain, reacti -

as anchor g&gngge &C%CW&R? ? ',l g? e%éeﬁlg ir\%&eﬁ%of S iu%&ugg i%éé?%%@k%f%ﬂp tBy
reaction (kehted Sten-1 Goval, il padegioaiprieing altminist@B§ a cBmipemeieable to inhibit the
241: 23-1080; and Nakazawa et al., 1994, Proc. Natl. %&I. SCi ng%A
91: 360- 364interagtion| hebyeear ey andaitt netanilyEscerten ar foreponnd bl tonjnlubit the
met hod can 0 j I I :

pat i ont 1 SR dr e EhRRRerRbiGR) BE LA Y SRR EcRhoRd afeoid Pt
sanpl e25 oppiessnaidvynticnamsdetected by threRhthodivthe presanesyentibinnig seidipafient in need
contacting the nucleic acid sanple with one or nore priners which
speci fi cal I‘Vreﬁffbri dize to the netrin-1 or nRNA or their correspondi ng
CDNA under  condjyt ngfisr %%IE\I% B FreIMOR I QiR pbAInPRh RBMbE ForCBE bRRefon or
the netrin-1 inRNA or c occurs, ~and quantifying the presence of

t he anpl i f fordhé toeatmpernd dbi canser inta pasientroompriping edminisieringG: CRouRHAGPrdIMEHRO

may be desj,rable t.o use as an anmplificati tep in.coniuncti '
oy of ¢ neltederdudttn s s SR herrhodoh it PRrel i R e Bl e
The nmethodgecdangedtbed herein may be perfornmed, for exanple, by
utilizing prepackaged diagnostic kits conprising at | east one probe




Interfering RNA (i RNA) is a phenonenon in which a double stranded RNA
25 (dsRNA) specifically suppresses the expression of a gene bearing
its conplenentary sequence. i RNA has since beconme a useful research
tool for many organi sns. Although the tfchani sm by whi ch dsRNA
suppresses gene expression is not entirely understood, experinmental
data provide inmportant insights. This technol ogy has great potenti al
as a tool to stTkypgsme ifiventien also icompesasethe awe ofla songroondragcdrding to ghe

t he devel oprment. of 30 phay macol ogi cal .agents based 0 i RNA (snal |
i nt erferi ngfeRRARventips, &S_‘a”{ecte‘%\ﬁ%_ ﬁ‘gé‘&%ioﬂiog rpé%fe‘?*dn‘éﬁnﬁé)&’ E‘gﬁ em deicRe ot
conpound 0f p{ARaRERSBPthel PRALOPOHr 1he tRERHAL 8PEM AN Minsh &k, Sidclaging man.
conponent of a conposition that optionally conprises a

phar maceut Prekdrab)y seetegoeeniss emelebtpted or an apgressoigsadcr.i on can be

adm ni st ered orgll . Py. aof.her .conveni ent ..r -
adm ni stered to@lg{%é?fg Vinbg' hmgir}%f%eé“ro d {%F%rﬁlgr(’:qaquuﬁlthac&%% \gfeal g(gig%@xgp&rdmg
Admi ni st r afol B8 pleadht REveftydil 64idl camdtr ik e€ladted MamitigrotiebinéBBting ofiatateanace
known, e.g., encapsulation in |iposonmes, mcroparticles A

M cr ocaps ubclerectalgracare iing cpncer, nspgblesiAmBeglingid apue yRioH lepksmipysarcoma,
selected c . LN t : il :
accept abl eﬁglg Q%Qtﬁgapéxg? flg{\(}g%ﬁ{gggh’o?eﬁgld h’légr%ﬁo%?g(%}?% I n%}tlgg%%%tam zlanrogl &
not |inmteaetus adehoamedmmad, , stombe aaduscalcmomal iddept adepesardimomesm |and rectal
i nt ravilousd subcut aneous, intranasal, epidural, oral, sublingual,

i nt r andSal 2°PRFH¥R%bral , intravaginal, transdermal, rectally, by

i nhal ation, or NERIfG&thYly, e HREBIQF trBdfiet Gtlih el 128 of # cérfpdunll Qcdording
di scretion of the practifioner. In nost instances, adm nistration

wi || resulto tha présentripvension, & nrimery ompywsts jof saidtdauced [CERFESSt PredYRreRpress
.directly in ,the primary tunor. 15Conpositions conprising the conpound
accordi ng ?(Snlf'ﬁ'e i nvention or selected by the nethods according to
the present invEfRt teah, “dnfibedy@l £0uRdr ierélh rfeftes B émanbhodlobudint mokculdh esd

conpositions can additionally conprise a_ suitable anount_ of a )
phar mabeut imammojogically petiis|pertivep pEImEnEeiobulin mlegyley &y HRlecEienihapgontain

proper admnj g il | ind€( RN DGR GRN [p¥otei
accept abl e nglg%@lg%gggf\g%‘gﬂl% 1r*§§‘§?f‘?a‘§@f@‘/ﬁ‘§‘é’g?r’%y or@i sted by p)éo %Bor
nati onal oits racep&aogni zed pharmacopeia for use in animals, mammals,

and nore particylarly in.hupgns. The term."vehicle" refers to a

di | uent, adj uvgﬂf’, te ciaﬂf‘g‘?f{;? WMRESTY F@P"W’Hi %P@HCI‘%P&L@HE%%%T Byt e
i nvention dsmasiarHuifgiz6antBEgls phar maceuti cal vehicl es can'be

| i quids, such as water and oils, including those of petrol eum

ani mal 20. veget abhe isslaterdy netrintli protsin gi metrigtic recepgopprgtaift, aid spestighBagment
i, m | ol il dthe like. T t 3 .
Veh ol o cReREt RRET Ry B ipRiRodet T b Sate MThoBR R SR i brofetn sine

auxi | i ary, stfidafi lettaliqi@s fohpolycistialgnd iioaslend] iafgbaiyhreliohnl Moebs slso -~ '+

may be used. Saline solutions and aqueous dextrose and gl ycerol = .
sol uti ons Roasiblgl ousse awrbrasmerf efs thepqpraieiy evhich contans ratilgint Hne antigenic
i njectable i §Hi§ glilg { . i cles al so include
exci pi ent sdegcuc "‘%@‘Q?E%r C &?ob e&%%%:‘?%gﬁdg%cg@klgﬁ%bse, gelatin, sodium
st ear at%e, gl ycex glroteimniaghwmped eypicatigiismsahkopiegese Bibodiesebly Stommimigka
gl ycerol, propylene, glycol. water and the |like. Test. canpound
conposi ti oﬁ‘f_g?blf’ fsubled; E TR0k, RO T ofhet; W“‘Qﬁo‘ﬁ‘m g‘eo‘FmW_é‘ﬂg_%gAn
or emulsif bRridd Rinfunogdt; gfep&lah&%&ﬁsaﬂwn 3GRrStein] BF AAEMBRSthELS) Snd
of the inventiron can take the form of solutions, suspensrons,

enul si on, fuethdretan, inplufl¢ sn adpivhmst suchcapBigheds complsigl asincamplele rdityant, or
l'i qui ds, powger.s, sustt ai ned-rel ease formul ati ons, suppositories,

emul si ons, HEFIEGHES g‘ﬁ)‘#gﬁg,agg‘lfSpensi ons, or any other form suitable
for usg Said compomkibbBNol SsIRNREShite AT ah R4 b RGO kil GRIsRIonal,

W th routine procedures as a pharnmaceutical conposition adapted to
monoclonal chimeric or humanized antibodies. antibodies able to selectively bind, or which



Fi gure Legends Figures A and 1B: Netrin-1 is over-expressed in human
metastatic breast tunors Figure 1A Expression profile of netrin-1
exam ned with quantitative real time 25 reverse transcription PCR

Q RT PCR was perforned using total RNAldxtracted from 15 netastatic
(solid bar) and 15 non-netastatic (open bar) primary tunor biopsies
Wi th specific human netrin-1 primers 26 and prinmers corresponding to
the human IdBRtigelndidARA eBitoyit-cogtaliimg @ polypepliBPcovasisirgeacansigeous epr @] at
here, as i{ shows a weak variability at the i nRNA | evel  between

nor nal and}"_ﬁ?tgé_g {0 peRori s Of ex#migo aég SERERSS 4 e R EPIORgR P 1R X9
expression is gAyf?&eﬁédé ft foRbLQRE NG §RarBBfifid ARNACUPESNA letbdir} Ra6H1

sanpl e and the average of netrin-1-expression in the non-netastatic
sanpl es.  fpftein, is a ldbielpd muclels: acid- RIbR@Rrinass pele tohyheidizedhia nRNA gF cRNA.

tracted 7NR and 4T1 1] ] it h i
ot 1 ne i prPhaEei i reshro ety enemprisistite S A 4ERE 0 15 R i er 100
2A- 2D For gededtidey RSISh@R a8d sifBibicht o lspbdifi@TlINRybBdSE ut®Rt btrinpdne cotimstto

5 nmetatasi s devel opnent Fi gures 2A and 2B;. Mock transfected
67NR cel | sthsmmBNART 6BNAs The awlsic aid pamergaa e wp cligonasieptiepf pelsakl hdpyor

Usi ng spect] PEcibicaRh! felah ARERGAEEAAD BB BypEiEl bifce GrnsthEEHhdiign:
extract ed forthemBRINNReNeDNA pordompRenaokseqiangeitheredB, Western bl ot using

U O e PSR
67NR-net 2 ghones;fogpRaes © pRy fiotedl, RANRoBNS Lxftivddyl wel 4 dbtbdisble label.

Figure 2D. Metastatic 4T1°cells,”two control cell clones bearing
pur onyci neAntisididsaran ebe( Eotpdionial, amdn@E gRBrrablyd moneclensl.r Am intacs aptileaskyi aga

cell clone 67NRnet 1 .and.15 t2) were injected,in.fat

mice (4 ni E‘@énb%? it (?'%pg‘;" ar RIS E pE SIS, TBE BR ;ﬂa?%lﬁd : ﬁ}“thﬁg&f‘%"g&‘g
envi r onnenprobRRP LAFEIAY Als! MRndACOHheEs ARBS 18elidf @€ thePprobi at adtibddy by
i ntra-parenchymat ous nodul es after injection of the respective cell

cl ones 13 4Teoupb (e, PEYTREz Linking)rniaiestable subgtanderie the-peehecs aniihedy gy avell as
| esi on, UPL:.. . I i i DA 3D i f;

ot ast at | o TP 1l SER prok Sl Aoy kG R it A i Sl ndt's BRUAS
i nt er act i ohbledURemiles & ndirect rieplies endludegdstetion rof la pridanyt antibody using a
receptors, DCC and UNC5H. Fjgures 3 3C, 3D antitati.ve
anal ysi s oﬂ“?!@".ran‘g'elé'P‘T%‘r??C%“fiﬁF( agﬂboéiﬂa@gq}%@ew ‘?‘fé‘%ﬁé&e&%%}&%‘wh
and non Spﬁﬁhft%@ e drdefed RAthAfuofese Ry 4bklel SirdtadigB) . at different
concentration igure 3C) or the nofe restricted DCC-5Fbn domain

(figur203D) as Eor2samplenipeitia sehrfiges fredeicptidy ofserndidate mRiNAeinglide derthern

Cel | death . tified. eith the . . bl i .
(i gur oo SBOTRISPHER 46 Sufhuetiales I viro Ao fr UGN Gl MEae
devi at i onspten | diugat efbyle=3mked | Bih@HsdbetNdssAf- (PMBAY), ONeaém hbha)

metastatic cell death by inhibiting netrinl/receptor interaction,
30Fi gure 4immenepracinitationse apd dninvaaByaressencgals 1vigre | fechpdquien, fof elgteston of

with differ el fOPRel idcRid Buhlm BfadEADEs. Py the trypan blue
exclusi.on assay. .
25 When the invention encompasses kits for quantifying the level of netrin-1 protein,
the kit can comprise a labeled compound or agent capable of quantifying these proteins.
Said agents can be packaged in a suitable container. The kit can further comprise
instructions for using the kit to quantify the level of the netrin-1 protein or of the netrin-1
transcript.
30 In certain embodiments of the method of the present invention, the determination of

the netrin-1 transcripts involves the use of a probe/primer in a polymerase chain reaction



16 Figure 4B: Quantitative analysis of cell death nonitored by
trypan bl ue exclusion in the CALM parental cell line or in the clonal
cell line CAL51-36, treated or not with the DCC- EC-Fe conpetitor in
culture nedia. Figure 5. Netrin-1is oJ%r-expressed i n human

net astati c breast tunors S5Expression profile of netrin-1 exam ned
with quantitative real time reverse transcription PCR Q RT PCR was
per f or ned @€IR)gsuchtaslandRiSAPERt oraRAEE HGRy ror Sdltetnatively.bingpbgation cliie yeagiqre

obt ai ned f patient wth tumor alized t Cbr t _(NO NRfoY
bar); wit h&gﬁ)isegx?-g-r &P’gﬁt"ﬁf&w?n%% Ate %’%ﬁ&@ymﬁﬁ@%&w@? Wern
di stant mepastRseadl. siiagnRsH B360M64)S& didnhaidly qSaeRitive Ged) Wi RT-PCR
netrin- | primers 39 and prinmers corresponding to 10 the human PBGD
gene ( TATATIBs metheg cPp dtchide)thawtens afselectippamampls afsells Hema pagery splgdng
her e, it shows we i abili D RRGY
and br astn‘{cff’ﬁco?céc} (aet%' g’g{}éx, as ecg%l%@tég%%%l%%a@ﬁ{aﬁ%?%% er enc{éaJ
TBP was al sfretisondingicDIN A icohlaétingl RS Hhidigic eidsariplewrijh orldedrmiore primers which
expression is _given as the ratio between netrin-1 ex resgj on [.n, each
sanpl e andPepificalyehdidizst toner peitin-1eRp e o {hitrt RIS BT ypder
non_Par AmelguioddSEA kst hoiaiakioniahi CANABCAER! of MR LARXA WRSDNA
used, the p valle I's Indicated. igures 6A-6C. Induction of

met ast at i coocets) amtequantifyjng thihiprésenaegoft the amplification /predvetst §ris jantiadpaiest theh

Fi BA: - EC- F¢_di spl trin-1 and.UNCSH2/ netrinp-1 .
i or ol | R e GR B e oo et o PRGN S ORESEED B0y
(bottom pa&ﬁhéte&ﬁﬁ(int i' %g'useﬁrf& #y@phbdibic atia@Btedingoound netrin- | using

anti-netrin-1 a y in the presence of increasing concentration of
DCC- EC- Fc. TheRnefhpdssdBBited chesdn naydie parformed fansxample bf uligng pre-

death in 67 and,. 4T1 cel.l s Shig. either - E(C- i.fi
1L3- EC- Fc %?&Nﬁﬁf’ﬂ %P%ﬁ“.cqi’:lél‘i"%‘&’é‘éﬂt“% ﬂ%\é%astq u%n?‘ilg??g 180 °{§?&b§ept%ﬁgmr or
ttypan bl ustiBss) rdsdcandetay hefeirg whith@Bly, be@ontenienty psedpe.g.cini olinicyl sasingy
(figure 25 6C). Standard devjations are indicated (n=3). Figures

7A- 7C: 19 nhicdPRqveHP 8F dipgnoasPASRS: f or mati on in nice by DCC 5Fbn

treat ment FIGUIR pfd ibe, Rt i 8 SHis&iRb lor B finieer
67NR and 4T1 ceﬁlﬂl‘:éégt ngzgtz%amwt {l%%%ﬁwﬁr%r asslasy vvgg per?.l(r)lr mc;gng
on 67NR orRMA} digbhwslafitler specifat ofetite micldic ianidr ewsding mttgeb poftein for the
DCC-5Fbn (jig/ml). Percentage.of cell survival is presented. Standard
30 devi at 1 RO pharEg R ey S inggiPRto YRt indHeE B s G
vere i.V. bofephiethid QaBel B Q1dttcaciéth thiY¥rodp abfbkistihg Jtpedt cAlcks; oblorectal
were injected every two days, once i.v., once i.p. starting at day O.
After 2B deapser, g agitcas insurdelosbmpraliemanemsitesnyelpiddewymia, Frgess apaiona,
recording (fi.gures 7B. .7C) or_by exam nation g : c
Figure 7B: év&"%%p?%&%‘fﬂcﬂ?r%ﬁé i ea&é?o allﬂjcr?rr%oﬁneas %Iﬁ%rgé{ {r}ecszag%g)?%mg?épgggms
treated (raidghdchrcinonia; D(orkdcbn addndedréiflorhd,ef kidnég Cc@denocarcinoihih guand 7€ctal
Quantification of the |um nescent signal neasured by the N ght OM.B
syst'em Thadepepatsdiom phot on/ pi xel / sec was quantified in each ani nal
and an index of L t s [ et e atdRpheinae RR&
aver age photon/%ﬁ?&&e%ﬁ%éﬂ?ﬁgg?éeé ﬁ}%eggeﬁt%bt Ile aver age si gnal

det ectzsd i [@sRNE) Shewifitallg aduppresdes ehe Expressivslepfadgame bearing its complementary

sequence. iRNA has since become a useful research tool for many organisms. Although the

D

mechanism by which dsRNA suppresses gene expression is not entirely understood,
experimental data provide important insights. This technology has great potential as a tool
to study gene function in mammalian cells and may lead to the development of

30 pharmacological agents based upon siRNA (small interfering RNA).



10 experinents are presented (20 mice were analyzed in experinment 1,
8 mce in the experinent 2). A representative nmacroscopic

phot ograph of a lung from PBS treated m.ce or from DCC-5Fbn treated
m ce has been made (not shown) can be nonstrated in the lung from
PBS treated mce. 15 Figures 8A and 8B: Effect of DCC 5an on
netrin-1 expressing human cancer breast cell [|ines gure 8k
Expr essi on of n&then gdminisicied We%jpﬁgﬁnQaWandtﬁﬁthigplteﬁﬁﬂé!n"m}?ne‘%’?eé‘?fﬁtéﬂ

f 48 d
o e B RRoPERRoh TR aSShol i DBLAA ArBARLEE Al
gene HWVBS eecapteblslvelﬁclaWdﬂpdﬂpomymédnwemdhﬂnﬁemg ntaﬁy,scar)bylany ethetconvenient

sanpl e. TBP was o) u s. a control here and giv results,
The two cefquig| r’t‘fﬁ’a ehé Bingtere0 SepRthar o ith opng s(’iﬁ%‘t‘?‘h}' efFive ppeent.

netrinlsar @4 RebeRbe LYo tsgstémc or locall 1 \HHo8s %@hv&flslystglﬂﬁtéﬂe iKkReweEt ben
by DCC-5Fbn in SKBR7 and T47D cell [ines. deat h"was quantified
ei ther by kﬂéﬁpm;z 1m$tpuwms,|rbewpnamcl‘es,grmce)cdysutes,l aghsulgsaplel, padeandie wsd

St andar o LV TTE TG RO, ZPBORHCS) o e Tofkniimy & pafrBeuy

neur obl ast gaepblg WilR tRAeofNetrin-1 is a mar ker of aggressiveness in
human neur obl astoma Expression profile of netrin-1 examned with

quantit at i ve reMethPﬂﬁh%f admjipteasion inphuderbuptre oat Limited-igRntrademyal priranypssular,

per for . t r

neur ob ast oma &%taﬁ mﬁ%@%ﬁ@%@%"e a&a{%}lﬁ a%a&ﬁl rag Srlllgg%%l al, intranasal,

pati ent V\/nmtxwerebrhleiiﬁravaig&ldl htgans@dimaly eentally] By ﬁrﬁmlhumaar)topcalbt age mbde of

di agnosed in patient. who were, nore tggg one ar, old §4>1 ée r).. ltt’

can be not adminkiateng 15t the dissretion elibs prast “é%@ r. 0 gos{ siance t?gtK;“&Stra lon

significan Ea:ﬁ%ﬂiﬁ g theSHehary

and the p %Fﬁ%gﬁg’?(g{eﬁ?ﬁf‘%g@tfgﬁ%ﬁﬁdﬁﬂ?é’%?&wg&wﬁgz cel l © alt w

endogenoushyngr oduce netrin-1 were treat ed or not with DCC 5Fbn or as

a contrpl ILR3 (the interleul.dn- ept o ectodo

Bnaly2 b8 for celPRBRIHNI SPORERNG Jho O R T e YO A E Oy S Flseisd By

by measuri g methbdsSatcordindl tohé pesddt InanEy, fOFOWRY -pafiasfahné dsenttintettion.

I L3R has no effect on the deatﬁ of 1IMR32 cells, - 5Fbn 1 nduces a

si gni fi canithsz\wmgu@@l sandesditionakly seriBrs &evitale AUl 2 Dharaaceutically

(n=3). Fig r,

over expr esgégs ?%193) a? ?[ |Vg(¥$rk§ h% E%r?x’é‘gs&r%&rgf d|t()) ;}g%ﬁt?ent The

net rin-1 eras mm&d&cﬂl}m&ﬁtﬁm ’vmeerneabpxbwtbby £ vegutory mgensy ot pttedahy a
RT PCR was performed using total RNA extracted fro sta

and st dQe patjonglpry HERREH Bagtrtaeﬂia&wafﬂau@tla@@mfi? BEMGIAS &R AT iaélg

and was CONAeLstfheh ehid T BEFe Gtk Hlluent adjulFh UEBiptB-or @ArAbr &ﬁt {hich

t hat endogenously produce netrin-1 (not shown) were treated or not

wi th DCC- SEbompasuntdhé ther iewantion lmdnnmtstemﬂ &wh@bmelamwﬂhm(bﬁs can be liquids,

rnggglrjﬂr) : 23”%&8?&?@%&%{1& \9‘(11%, l?dé%] &8%‘/ %ﬂpetro eur(r:leelulun e%grzata%ie or syntggttc origin,

such as peanut oil, soybean oil, mineral oil, sesame oil and the like. The pharmaceutical

25. vehicles can be saline, gelatin, starch and the like. In addition, auxiliary, stabilizing,
A thickening, lubricating and coloring agents may be used. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as liquid vehicles, particularly for
injectable solutions. Suitable pharmaceutical vehicles also include excipients such as starch,
glucose, lactose, sucrose, gelatin, sodium stearate, glycerol monostearate, sodium chloride,

' 30 dried skim milk, glycerol, propylene, glycol, water and the like. Test compound

. compositions, if desired, can also contain minor amounts of wetting or emulsifying agents,



20 neasuring cell survival via a MIT assay (down). Note that DCC- 5Fbn
i nduces a significant G.26 cell death and that this effect is fully

i nhibited by addition of netrin-1, thus]] deftl onstrating that the

DCC- 5Fbn effect is directly related to inhibition of endogenous
netrin-1. Standard deviations are indicated (n=3). Figures 11A-11C
Lung cancer 25F| % ure 11A: Netrin-1 is overexpressed in a sizeable
fraction off PdbuFerRgmeagenisnti compesitienseighe Biventianecapftakedhe fosmiof SOluuonS
exam ned t v

PCR s per PO RS b BHRE bl MReb REPLAR, SpAIREIh A AT, ik,
and was COquamﬁad-rb]@aseCfbnmﬂatidns,ssupposﬁones cthilgiong atiools,HPEs, asudpehdidfx) or

two NSCLC cel | es e _further. used for cell at h says.
11358 cel | &% ﬂta?r g’ﬁaﬁmﬁﬂa§?ry“ssx§%§gmﬁequnlslgea?fal%1§ L ip &fqpdgnce
fail tosshgw Q@ﬁtﬁ% §urBelsrd ;S}xa?m&‘c’é{?ﬂic%? édxﬁ’ﬁbs%ﬁ %déﬂt&i%%inﬁﬁ bBRks W bl

DCC-5Fbn in the presence or not of an ‘excess anmount of
r econbi nanadmigistration] orafarlinireyaoanadnyipistiationr The hinows aff theeictineeonippund or a

measuri ng vity asuri el I’VI val, via
VT assay FAORI e RV ttlif sl be AERRER Y, Sfepradiihical Bty o
deat h but idditidn, i vaRoyy RVl i biRaltebd & éERVidlp ideatifeditihal
ef fect observed i nv11358 cel | s f%tss %I |?1%:3b| trggwg addll'zl ont15 of :
netrin-1. CIQ?@& mEEes The preeise ose 1o e mebyebwg aé%dﬁwd s@hdhe Fapge 10
OO SFR, ABGAR MR a8y BREhouHAS Pl dfiichse R SR3INSE ddififld LURRTn )
under go apop 0SI'S I h response { andar eviations ar

i ndi cat ed judm@nt of the pr£t1m1ree amdléhch[?@ﬁexﬁﬁbﬁrmbtahnessHMﬂ@grsaitaMd dbi358

tumor growm h in nude nice. Five-week-old (20-22 body wei ght errale
at hymi ¢ nulPRgesHPE arahdPanspl.inadepslodh HG2VERSHUS admigiialion SrcESFe

housed in §heililiis ?ﬁgtd( éﬂoh??S fn‘?lﬂ%%gl Qﬁ?og%}ﬁi bRy Q&@hﬂ% dgf' nibre preferably
pat hogen-free anlmal facility 5 I's were inplanted by s.c.

i nj ecti on @fous).i@6lligeint to § milRgramebet I@bgna@SmdmwghhperldeYt flank of the
m ce. gﬂen tunors were established, PBS or 20 lig of DCC- 5Fbn were
adm ni Stered into the tunor (i.t.) everyday (duration of treatnent is
i ndi cated by arm @) be kdERtood thESWMERS ticTEVRH6E HadVeed deadribe@en cohjlinclign
41 days. The tum)r 15 volune was calculated with the fornula v =
(0.5*(I engih fliecbrgy smiseliments, thag theifersgeine deserptigniand Bedoliewing sramples are

m ce tr eatd i ) iRl Rl allbLE PER hrGRLEDHNINE G EIHAYY

to grow, n treat tunors sho a MassI Ve regression ures
12A and 12ModiNedtionswithivethié stiops ofRECirarantiddNGH M2 appdrérit tethoseadkilled ulFtl@larteo

12A: D% é}ggr@rlzatlon in the presence of netrin-1 in 11E1(293T
cel | 5.200 Yhishthednyention prBYST cel |s transiently transfected with

HA- DCC and/ or c-nyc- DCC expressing constructs together or not with
netrin-1 expressing construct were subjected to myc pull-down (IP
a-nyc): DCthH%MB@ce was reveal ed with an anti-HA antibody.

Fi 12 t th f t
TEr6aT o oipthes g and TEING bR avet-asb EesP{d i fastan e Biiafi Bregat o
done as in (A Ii‘ighireV\lAhEkﬁeés‘i&5ﬁi%ﬁ?e50ﬁﬂ§{hﬁfl Haa - VNContRAREaSSl thfe

constructs. Cell 'lysates were su éﬁCted to Flagv? pul | -down (IP

a- Fl ag. mvmmcmt@gé?% QR Pk avasagripimad wingatl RNA eﬁ{chécfspm 15

62][ ?ljat i On&%%ﬁ?tﬁ (831 em Ca %qg%oggr&eg%sgﬁug%s&s %ﬁ?? %ﬁ?&g{%@r Ig‘Z Ul on

30Fi gure Jtaxﬁlanswumtprﬁndfreﬁ ek ptideisotorRbpdndidg - t/NGS Hmbw STBM gene (TATA
constructions show ng the two constructs (one ta%ged HA, the ot her
one t aggecBlB Wgé’)rotg JdIBR Wagusefpsea control here, as it shows a weak vanab ity at the

mRNA level between normal and breast tumoral tissues, as described in 2°. Netrin-1

30 expression is given as the ratio between netrin-1 expression in each sample and the average

of netrin-1 expression in the non-metastatic samples.



20 the artificial dinerization system Figure 13B: Lysates of
11EK293T cells transiently transfected with Fv2E- UNCSH2 tagged HA or
c-nyc with or without the dinerization;grug (AP20187) were subjected
to cnyc pull-down (IP a-nyc). Total: Wstern blot on |ysate before
pul | -down. HA-Fv2E- 5 UNCS5H2 presence was reveal ed with anti-HA

P 0apopt ot | ¢ adiEwe (B & KT-PER S aeitomed s, Al ENE el 4 i PR end
i nhi bi ted by glohfBiaakt Mnispalicesion: réﬁ?{pﬂ-?ﬁmeﬁsanﬁ‘%%%@ﬂ delle RPYP@ s

bl ue excl usion. HEK293T cells were transfected with nock plasmd
(Cont.), Fst@dagdey), Fv2E-DCC-1C (Fv- DCC) with or wthout AP20187 10

(AP). In a ,J Congé?z)c?@gcceleftére\é\ﬁ%? of e n;[l-r a Sfﬁﬁ&( gm‘ﬁ"sé rleﬁ e SthdLEE

mar ker pKl : Sl
magnet i £al hytataed@dopmelt MVACSel ect M cr obeads and separ at ed u3| ng a

MACS Separator and Separation Colums. lyﬂ&%n bl ue excl usi on
assayed on t hes@igpiss |21?‘|f!§t!i | Ylgek tﬁﬂgfﬁ’ﬁédﬁ Mﬂlﬁﬂbé@bﬁéﬁ“f“t@d

death is i t y uped
byt rypan BERdeaeh (NI e e e Y oxbits B0 oty T P RES
PMACSKI ¢ aPCR Rwidfsifeleific, chiek@natiNeD bh’zlmle@ wds\petbiGEdRipingitatal FOVA wktrdetedtfrom
AP20187 (AR re 14 ndu d caspase act,i.vatian

i nhi bi t ed W%f‘?%r@?é&%n@’%ﬂ%& %Hﬁﬁ’ﬁ t&%‘“ﬁrﬂ%‘éﬂ’r & deIpgk P"éf“étb\%
caspasfy 3 ﬁﬁtﬁe\ﬁmlyammeg Ifeqner e 20 transfect ed with nock
vector pCW (Cont.), Fv2E (Fv), Fv2E-UNCSH2-1C fFv ilNCSHZ W th or

Wi t hout Apzolsmgm) 2Ct rRiwetonutrogl@pm Dﬁeth@atwpaé viand, 678Reresk etanss|
as the ratio bhetween th se .ty of the sanple and that
measur ed i FPORERIGSPAIEH ‘le@?\ﬁf%ﬁt?éif yb\?e}/h pCW. Standard devi ati ons
are indicated (Fg®e 2D; MetasttBUIESS cdif-tHo ConfOE cElE &He: HR&HngS plrubiyeine
fifth fibronectin domain of DCC (DCCZS 5Fbn) inhibits

netri n- 1- i igsisferss OOIRALAnd] (¥e¥R2) fnd dwo netrin-1 IEKI@fG?Sélgl‘@,ﬂ cloges; (AT NEn | apd
b1 6t 1 b Sl MosBABAE Pt 626 4 e BT (G RTaRRR0 o
‘coat ed andanalwzéda astheduifoaasromhenteR epresehtaties phatoideebgtdpht of 8O@rplpural Ghe
T b et QTR P
75 boc (DOTERRAY STnec), (PR it pat e TRID G for ot BRlek el (CORLY 1

was added KigorescA-3D: tlhdugiopsefhmeusf meiastagic EIGIGHD by (i8Ribitng ther nethia-

corrple Not e that DCC-5Fbn fails to conpete with
EéQ’I r?gcie‘iehtf’gr‘éﬁﬁﬂ Fi gure 15C. Netrin-I-induced DCC
rml tinerizati Omlgﬁrdmlsbbén@re% REBA-1 aad kY bR ODCORK OBT LRI | S

transiently transfected with and/ or c-nmyc- expressi ng

constructs wi t Higareni3Badd %tQuant@tw%wlw ofl_§elladrattoin GOR spg #T(1 owlls

ng/ mL) were.subj,ec |

was T bveal B AER BSEECASAnE Nor 55y tratr T Gha cEM gt 3B i Bffen
before pU'donGéiM@tlon (figdre BOYes HeAnaRdredBitied IOCCHFDA @Jﬁta&g@ﬁgtzesm) as a
netrin-1-bl ocking effects on DCC10 i nduced cell death % g trypan

16A - HIK29@mpetior forpein-1 rasartpeintargetion ek é@ﬂbwwwﬂae%ﬁéwr
(300 ng/ m FE ST RRAL RIS A1 A BBy el AR g
trypan bl wevitiahsdre thdicated (n=3).
Figures 4A and 4B: Induction of human metastatic cell death by inhibiting netrin-
1/receptor interaction
30 | Figure 4A: quantitative measurement of CAL51 cell death treated with different
| concentration of DCC-EC-Fc by the trypan blue exclusion assay. A



Figure 16B: Metastatic breast cancer cells 4T1 were cultured in the
presence (+ 15 DCC-5Fbn) or absence (- DCC-5Fbn) of DCC-5Fbn (300
ng/ m.) for 24 hours and cell death was .al so neasured by trypan bl ue
excl usion assay. Standard devi ati ons arlg i ndi cated (n=3). Exanple 1:
Materials and Methods 20 Cell line, cell cultures, transfection
procedure, reagEents and irnnmunoblots: 4T1 and 67NR cells were a kjind
gift fromF. MHuigere 4Bo&uentitativenalysisaf celldgath monjijpyed by ppanmpsesexclugiog in
301, 157, R Gl b 1ifd OPiRleaditl] L Rk BALIY3RT AORATE not with the
pr ocedur e. "Humman greast Cel'T° O fes 156t ed i n rgure 83 and nore

speci f i cal DECIETBc astflpitdd In edlture inkdies wer e obt ai ned from D.

/ 3i mbaun. 67/NR cel ls were stably transfected using 25 the

| i pof ect anFigures ssrie-1s avariepErsted B Aymsnrestrtiebreasdhmersel ecti on.
Transieat tr ansﬁx@f%séigﬁ‘s[ggﬁleHUm_t@prékgﬁﬁxﬁ:dKbvﬂﬂ%[ua%ﬁéﬁv@%ls time reverse

(HEK293T) were p ornmed as previously described't according to a
modi fi ed ctunseniptiop PERMRRT PCR cedureefonnedussingytotal Jo¥ A extadtederem cdr inoy

to the manuf acturer's insfrugtdi ons (Invitrogen). The breast er._ 4T
Ccelt 1T MBORs T P Ot T B RS Aocalr S AR bt R0 gty
by stabl e parpR&fesly %ilﬁ% fddedintoVerhdr€ i(NeS 28§ biH Cin@'wille AlsialOmetastases at
hygr omyci ne resi st ance. ones were selected by g%@n;léne.scence

a

i ntensity disgnesis (e, snlidibanskeasifisdwaen neiat i prn¢s Jrigiggy corresponding to

ant 1 oy B GRPEGP 8 TR BRI R Gl BRI sl frotronc
(Sigma; 1/ kdp€))s itEhewas wichlk Qarkibillly arthé HRNA dyehbetWwed(ibinalvead bfdastrumoral

Ariad Pharnmaceutical s. The conpl ete_extracel | ul ar dggfﬂi,tg of . DCC
(DCC- EC), orsscasriesiiibed bt Ahsaler relnrrbBEyuasalioatiad R similef rgsuli{not

Apot ech CofBunfQletfifh! e&?e}g%?ss gﬂ@hya'éitﬁe &5 BERReR bkl 1 ¥xgTRABH iR ERBY

and i nmunopreci pitation, was used at a final concentration of
10 n1V1l ansmplt andile wesagesefdnettind éxipmabion ancbatNGisiroplenfA 300 pagdmdtric

Human east . t.unors. sanpl es; uman breast cancer .S |l es were

pr ovi'dgj b%fat{sh%’d P@Wﬁ?%ﬁﬁ?§@g@g@h&%ﬁ?@st hts“iﬁvglé‘? é?rlﬂ‘?lg%cgsh tissue
of the tunppu¥RBABE TR bF RiktditAR el eEAEHY inMibifihg B nétyiml BFdceptor
therapy and snap-frozen in liquid nitrogen. Site directed nutagenesis

and pl asmiigdteraefonr uct s: PGNET-1 pCW and pGNET-1 encodi ng chi ck

netrin-1 were S previ escri b -] :
The dom nant n\gg%ffrgv@' rrl?}lgk;'n)és'fii ?)l(rgp lffég%(cg%ﬁf]r 'I?f%% @W&‘g"ﬁzqﬂ%r&m
UNCSH ( p CREMNEHsE:y! ath BEZNEC IR (opliratl) pr UNCSHRIBC-Hie gisotiohephn6l) cdated, dnd
HA- DCC was obtained by introducing a HA tag in_the tenplate pg;l\N-HCC ‘
6 by Gl kcavangication et Beyndey- hybigg enfiastend antibady i the pregase Pl (rSTane
the foll ow J: S F:

5'- CACAC{&%%&BW%%@TGT ACCGGATTATGCATA 20 ACATGTA 1'1

| CTGAATG 3' " ( SHigures 6Bahil;6CDQUattfate anhlysiCATCEIAIGAAAN 67TNR and 4T1 cells using
TACATGTTATGCATAAT ACATCATATGGAT, GAGCCT ' EQID .
NG 2) - TESDDECHS T 56 BBk HERER oyt AU Ac Ao Gelngrath 95" Ameifed
tenpl ate peMV- bifeha [ i rd ; G (Bo
25 oA P e N S T el e
CTGAATZS 3' 6@)ShiandaBl deidions BEihdigatedn=3%). - CATTCAGAAATACATGITAC AGATCL

encodi ng SIEPHR AT JBRIERHON P PHEERY o BIEN I R isaM DRCLE gt
‘ Figure 7A: Quantitative analysis of cell death in 67NR and 4T1 cells treated with
DCC-5Fbn. MTT assay was performed on 67NR or 4T1 cells after treatment with
increasing doses of DCC-5Fbn (ug/ml). Percentage of cell survival is presented. Standard
30 deviations are indicated (n=3).

Figures 7B and 7C: 4T1-luc cells were i.v. injected in BALB/c mice. at day 0 and



30 Honodi nerization kit is fromAriad Pharmaceuticals. Fromthis
plasmd, the 1-1A-Fv2E- DCC-1C plasm d was constructed. A PCR
fragnment of the intracellular domain of DCC 23

(1122-1447) wasobt ai nedw t ht hepri ners: Fg
TATGTCGACCGACCCTCTTCAGCCCAGCAGAGA-3' (SEQ I D NG 5) and R 5'-
TATGAATTCTTAGT CGAGT GCGTAGT CTGGT ACGT CGTACGGATAAAAGCLCT,
GCCTOTGATRRATTIREE-5Pn WesED) actyduem)two gaysy anged e 08ES ik Pﬁ%ﬁmgﬁﬁéaéfd) dter
the HA tag

b P ot b e Biin i B S Oy b oL ARTRR RS GRHSEHE R o
c-nyc- FVZ&Mnhﬁumsflubgmmmpeng t he Qui kChange site-directed

nmut agenesi s syst em &St r at ageng C% Fv2E- DCC- | S
and the fol | owifgprBnérepressntative H?age? TungResRAFEEER] ;M%él%%%l 9
11%@@%@@@3@&;@%@@%};&0 CTGTAAGAATTCATAAAGGGCAAT-3" (SEQ ID

NG 7) and prinmer R
ATTGCCCTI TATGAM@EEVWE@A@&G&WW&E@YW@ by the NightOWLB

al T catly beoN Bl Moo FTaBRETIhE e SN et i R PelE

gener ated mhncés@bat ﬁ@nall s PIR¥Ehedie W%\Zeéh t{léhgdmge mmnmmsc BECEBS tlegRd
15 fragnment derived from HA-UNCSH2 as tenplate and the follow ng

prinmers: phicgefo fhesavergreGsigotcdetaceardaCacibncrated gres. | vaonéypeaﬁlﬂt
pri mer ( h
Pl Fo 21y nBep e A SR R0 e pBT e n (il 65 & e, i fhe
by PCR anpdpbiigadtizpn of the UNCSH2 intracel lul ar domain usi ng t he

]E g:;lQOYVIDn %Oprlllgm %;@r%ségtgge tpég'ﬁ@lgépllc: p otograpﬂ %FGT%F Sgg trea%e d mice orsfrom

5 TT, o o
o A A I M AT o o

(SEQ I D NCPB.S)reaiﬁﬁnidNCSHZ nyc R 5' -

(S5 | 15 Mo S $ et o sibn on g SEFa e S i oot

by Sall angpuhaeR restriction digestion. The cDNA encoding the
HA- Fv2E- UNC5H2- 1 C and c- nmyc- Fv2E- UNC5H2- | C fusi on _proteins were then
subcl oned i n pdiiae. 8ATERDepsiOPOR neliimby expmined | WoRrky RR sing: tofal, FiN4c

o TOATCOADRTECEEE A e PR AL RR YRR ol e g e rao

NO 16), ankiWwyedE fretfin-1 CCAPLATIGRIGREAGT A&?A—hauseké‘@@gl ng?d@ HBlBSandxpréSdion
UNC5H2- nyc R 5' - TCACAGATCCTCTTCT GAGATGAG 1 IP d
GOCAT CHGT cipdroxymetgbylas syoflase) ip sachesaple TBP S %OA“Sﬁﬂ‘/ Eﬁ't_a cRiesealpete @n
and_cnyc- F M*i]% oM 1 &ﬁ?ﬂa{%%&? i &8fa¢ B8ir high level of netrin-
Ps974- DCC- %é%sj \lgvg\}lﬂ{nsgr ag{berl aFn%Sexpresm on %f the fif {hl fibronectin
type |11 dbamimlickeddyBEGs.was obt ai ned by*inserting a Pstl/BanmHL DNA

fragment gener 6%'l,gl(ljrebf%}: %%ﬁ dea f!h lﬂdxijcg&cb)%cs 5Ebn in S&&BJII A447D cell lines. Cell

death was quantified either by MTT assay as described in figure 4A (right panel) or by’

25  caspase activity measurement as described in figure 3D (left panel). Standard deviations are
indicated (n=3).
_ Figures 9A and 9B: Human neuroblastoma
Figure 9A: Netrin-1 is a marker of aggressiveness in human neuroblastoma.
Expression profile of netrin-1 examined with quantitative real time reverse transcription '
30 PCR. Q-RT PCR was performed using total RNA extracted from 101 stage 4 or 4s

neuroblastoma biopsies. Tumors were either stage 4 diagnosed in patient who were less



DCC- 5Fbn producti on: DCC- 5Fbn production was performed using a
standard procedure. Briefly, BL21 cells were 10 forced to express
DCC-5Fbn in response to i mdazole and the BL21 | ysate was subjected
to affinity chromatography using Fl ag-agarose (Signa).

| munopr eci pitation: Coi nununopreci pitations were carried out on

HEK293T cells transfected with various 15 tagged constructs tﬁs

descri bed reoreoest 9ldXF<Bysask erystagppidiagnpseddn Patight WE0 (XS ERofeghongyyear
HEPES pH 7,6, 41 e “%4 0 NReAO(stdde th e enge
of prot eas(jelﬁi(ﬁ%fS/FWr&gr’lcP °t Ur @rg I@ﬁ@ﬁ%%@g%s/vﬁfcgr a(nta{gfa HA (%i'eg!?ra), :
ant i - c- nmy csigiifidaho dyer{eShrsgn oA mtirik! lagvRicaSt dests) wereduspd anéithe p values are
Sepharose (Sigma). Washes were done in 50 nmM HEPES pH 7.6, 125 mM
NaCl, 5 nmvpgemad’ 20 Bindi ng assay and ELI SA conpetition assay:

DCC- SFbp (10MnGgiene g RIS B BN SIRPEno 80P PEudB et §RAWeke GRRated or not
maxi sorp plate ( unc) and increasing doses of netrin-1 (Apotech)

wer e addedwit) DGC-8BIBNg) af arcobireldiLRG (@lss ijerlepida-3ECc¢pETECisdomaing and were

125ng) was cpat on xisajp plate for ELLSA conpetit i

Net i n- 1 Pt fRscil e B e ot e e S ERCh A, T e RRY ool
(625ng) wequgvitd180a added MidUIdbRAR QUSE Yhat AVHiRI ILBRSHAe o dffect botthe death of
bi ndi ng assay or EL1SA conpetition assay, residual netrin-I-Fl agW

still fixcRidscallavRaCetFbmiindiicesa significrptady(B32a¢all drgthy Stagryyfipviations are
pl ate ung ). rding to manufacturer instruction. Flag-tagged

Net ri nlfq\l (%%%é‘fﬁﬁ?ywas t hen added together with increased
concent r atFigifes 90A Rad-188: GliomAf ter a 1 hour incubation, plates were
extensively washed and bound netrin-1 was, detected b(}/ imnol el | i.nng
usi ng an anti - FHIGYEPLOA {NEERN} 16 QVEHFADTCSRY 1y 2 Hipsee 3@8’1‘ TRt BUM G SEPESSIO
(Jackson). | R ] HESveREAl R TRI Q8 rah@riffidt PCRDGIRT
Vi ctor ‘stal‘%rlagir?q}r(f aic)ﬁxz[}?(ﬁ‘g?f ea assgys: ‘67NR,e4T1, C&E%Hl T4l7)%
and SKBR7 RE&R ewgs operfarmed ensing ptotal RN uprteacttdwdiom 10ager dhtand (stpge 111

not) wth - EG- Fe or - 5Fhn 4dhaours. Cell death n

PR S R s N RN S e R b S
extent of gghl death is presented as the percentage of trypan

bl ue-positive cells in the different cell popul ations. To sel ect

transfected celBigurecH)B:sGlrg el thet spddesequsty piogpeet marinn) r (ogl shayay e

pl Ck and the plasmd. i enes ' r

Expr casi ng Ei1a ke RRr e 1o AL e By Remel T E B o AR Bnant
M cr.obeadsnenitel] 8@ alyied Rg c3ll MR cfkgasyahersuidinglcaSpysa metivityr(top) or by
Colums (M Iltenyi Biotec).. Trypan bl ue excl usion ssayed on thes
puri fi%d capsssringslsusiya) vipa Mid essy {doaNolr dit Qﬁﬁ%ﬂdgéﬁﬁs %%‘%‘?ig"an
Vybrant g 2038y débh APYEE ULR' offdeP RE LA BRSNS LB of netrin-l, thus
manuf act urer procedures. spase actiVity nmeasurenment: Relative
Caspase acddiionityating shatethe C@SHbin eifedtas dingetynetiated taa imhibpéens of sndogenous
follows: 2.105 treated cells were. harvested, washed once in 1 nml PBS,
and resuspéisd S exfationsAre idicated (Bton cont ai ni ng FI TC- VAD- f mk

( CaspACE, \-116% [ 8holcRgdpat i on for 60 mn at 37C, cells were
washed in @kgﬂf@ggs alnd regusp_ended in 200 pl PBS for flow cytonetry
25 anddsis. StEgwedldeNeginnk issovsourpresstdis pisipeablemamgoraf hwnan (upes euser.

Di cki nson)_and Cel | Quest. apal ysis software w.th excitati -y
em ssi on SEHTHGE p68ﬂﬁ§t8p ”B%}né%&x%‘%% n%la\é\ﬁ“f‘{?‘fee%r%gﬁzt‘% ,rg&r&wmsmpmn
respecti vepgR. GRAPPSR whsPetforhddyusitoAERBIA @irabigd fisinnigng banctiasipmtes-ad
assay from Bi oVision. Caspase activity is presented as the ratio

bet ween t Heascasparsd tape tisfuof the sanple and that neasured in
HEK293T cel | s ti.ansf egt i : I q{}m{ ' d
caspase activi t@g%aisal;ﬁr'g’?r:‘;eérgt mAg%G{ gﬁgﬁ% cﬁfeil? ?L%%ﬁ&%r ar%%%%C@gFg%

wer e agbdedddath @edys. BO5S el thadbntvg@fdubly Uaxprean detfintioand HesMhralls that fail to

col l ecting cells. . .
gshow detectable netrin-1 expression were treated or not with DCC-5Fbn in the presence or



26 Quantitative RT-PCR To assay netrin-1 expression in human breast
tunors, total RNA was extracted from bi opsies of patients undergoing
surgery for breast cancer using Nucleospgin RNAII kit (Macherey-Nagel)
and 1 Rg was reverse-transcribed using the iScript cDNA Synthesis kit
5 (BioRad). Real-tine quantitative RT-PCR was perforned on a

Li ght Cycl er 2.0 appar at us oche). i ng the .Li ght cler Fast Start

DA Meat or P PBaRERGay o O reseiad nAdach g Lo ARG cPE e flr by
opti mal anpkishiig@tisphse a%ﬁvi‘{fgblga& W tnBBRGHSE LEL SirPRalOfia AQUTT Nsshy (M0,
determ ned as already described | g. The ubiquitously exrressed human

PBGD, TBP Mg this AeCRPuPOdyenassighfomnh §i3dhecll deah bufrfedpiol shoy qnyeffect on
eXpr eSS 0N WS MBRLVR'm ANl (redf SR8k HIRES odik MRS i YR fition

used as intern contr oW ng priners were

FOR 5'5 CTédadtmn! CAGAGIARTHOGEE:: that HEHEQel1Dark40t $eByitive to REXC-5Fbn, these data
5' - CAGATCCAAGATGTCCTGGICCTT- 3 SSE NO. 19? ; TBP: 15- FOR

5' - CACGAACTRPZECHIRERET. Sressipg)lyng (Nmopeglls undegeq-apeptogty in response to DCC-

T AR A8 e et TN R
5' - GCTCGTGCCCT GaguaTIHCAG GC-5FBE@hibitsl Aéno2Bifted 2{B 58 UN@EBgrowdOR) nude mice.
g :%%C@E% -Zglg b%)gggre:lgtﬁgrﬁ% :athé%@/:nu/nu mice wepg~pbtained from
5! - AGGAATECKARAMINET ATEGEE AferadhodsRER &Y Aftbr-togSed JaEeé and maintained in a
5' - AGGTTGAGATCCATGALL1GATGAG 3' (SEQ I D NO 27); UNCSC. - FOR )
5' - GCAAAT TIRtreaEisaATmCRCinA H3 58 (ceitQvep inplapiyl by-speipjection of 5.10° cells in
5 wmmﬁO%Tmﬁg%Tﬁa%k of B RLE W t62bss were established, PBS or 20 pg
of. DCC-5Fbn were administered into the tumor (i.t.) everyday (duration of treatment is
indicated by arrows). Tumor sizes were measured by a calliper during 41 days. The tumor
15  volume was calculated with the formula v = (0.5*(length*width®))+ SE,*) on 6 mice treated
with DCC-5Fbn and 4 mice treated with PBS. Note that while PBS treated tumors were
shown to grow, DCC-5Fbn treated tumors showed a massive regression.
Figures 12A and 12B: Netrin-1 mediates DCC and UNC5H2 multimerization
Figure 12A: DCC multimerization in the presence of netrin-1 in HEK293T cells.
20 Lysates of HEK293T cells transiently transfected with HA-DCC and/or c-myc-DCC
expressing constructs together or not with netrin-1 expressing construct were subjected to
myc pull-down (IP a-myc). DCC-HA presence was revealed with an anti-HA antibody.
Figure 12B: UNCSH2 dimerization in the presence of netrin-1 in HEK293T cells.
Cell transfection and cell lysate preparation were done as in (A) but with HA-Unc5H2
25  and/or FlagM2-UNC5H2 expressing constructs. Cell lysates were subjected to FlagM2 pull-
down (IP a-Flag). HA-UNCSH2 presence was revealed with an anti-HA antibody. Total:
Western blot on lysate before pull-down.
Figures 13A and 13B: Validation of the chemically-inducible system for UNC5H2
dimerization
30 Figure 13A: Schematic representation of Fv2e-UNC5H2 fusion constructions
showing the two constructs (one tagged HA, the other one tagged c-myc) used to validate



27 Syngenic mce nodel. Femal e BALB/ cByJ m ce of 8-11 weeks of age
from Jackson Laboratory were used for surgery. For mammary gl and
injection of 67NR cells, mce were ane?od'ueti zed with
2,2,2-tribronoethanol and 106cells in pi PBS were injected into
the mammary gl and and mce were sacrificed when the tunor exceeded
1.5 cm and_caused edi rent to the novenment of the aninmal. For
mtravenougleﬁ‘ﬁ"g‘ﬁl nrgf PEEBY 4T1-luc cells in 150 pl PBS were
injected into angI‘%ké IW'L%ﬁ%mE@W &11?&5&%@ %&Edfécké&%ﬂﬁlfvﬁm@ﬂz
15 (after 4T1 cells injection) or at day 20- (after 67NR cel

i nj ecti on) tagged &l y zedyurwitingr wuh&vuu@mbme@zanecdml(ﬁgmI\Kﬁ)awelarsubjmtgi to c-

were sacrified S rere d d and co red t he

wei ght of PHEP. éﬂ%#ﬁ‘f%( §D§¥a‘§1 Yy\etﬁ’g‘hﬁf)'egn i‘«'fﬁtﬁ{% re fﬁh%g Fl\é‘f\hfv%%h
nude m ge: Uﬁdﬁfm%nééﬂas(rg&a?eav@th%de@ﬁt%H} femal e athym ¢ nu/nu
m ce were obtained from Charles River. The mce were housed in

sterili zedeguh‘eSelM-b%eEerqu§Cahmematmndﬂnd@ ltsmraammfg@hvw ee
animal facility S T47D a
11358) 15 were FWBF ”ﬁﬂé [g@ééndc f’at% P 1?1%@1&%10535 ceri[1 ?réza‘fdr;l% fgg]c?odl by

of PBS int ap2brs7 aﬁ&néaé@%bpftrypﬂebmb (‘eﬁcl\ﬂi&m MBKDI3T wlrsay@stuaﬂdfwéziednh
(5 weeks for T47D, .2 weeks for SKBR7 and 5 d%‘? for 11358), PBS or 20
pg of DCC- BPph %F’éd Adentoi By é%V)i RYZE-PRE-KQURBDEC) twish @R/é’#tyﬂéyAP 20187

during,;44 STn I
Vo 10 PR T SR 0 S S Y O i e
Tunor anal Wﬂssexptbsﬁng thei mkrkbmwgresmngnemaﬂymmekdpwmtpm&im Mtbmbmid and

w t h hemat ox -eosin ron. Hi sto] ogi caI aSSI | cat .
gradi ng of S® asec? P’@gﬁ%ﬁgpmr b‘éirjf’ %“lﬁr i* P ﬁ’&s%?‘&ﬂoaﬁ‘@s,

accordi ng 5@5‘%3%;1@1%51 Bipeedig es. For in VI vo i magi ng of met ast asi s
using 4T1- 25 |uc ceI the light resulting fromthe biolum nescent

oxi dati on of t hBigir l‘éB déNCﬁHaaMnCtdﬁjsébdm sridwbited 'W ﬂi!r@eizatimi ihducied by
(Prorre ) Lk bod s detected. a nt|f 1 .
b ot o ar OB 2 e By bR o iin S48 ¢ G Blnieg i

| 3erthol d JM@IESKI@Q&(BFVZBIW gFmE-aN@smheS@a-my@sm Wﬂﬁ I&r YaHE@MUAP20187
i sof l urane from TEM SEGA. 3 28 Ve first analysed netrin-1 and

its depend&dOe receptors -i.e., DCC and UNC5H expr ession by Q RT-PCR
in a panel of 319gRPefi§§:I ol 63;1% n?g é&é Ry {3 mmed’“bgh(ﬂiﬁfenzanon

known net astaticeevol u PRere ne atl1c at diagnosis
Whi | e DCC MﬁscddahsyelAysz&?efat arbelaalramﬁy lﬂélﬁﬁ\l*d Eapised iamvﬁjnol‘lEKiZ@‘Ii téllsamtre

change_ between the two ty es of
o1 gn 11E ety sistavibipp et b o pﬁM?éi Rhiteihoabik OREsEeifhpifesmn
non- met ast gl G Ki@gst Aﬁmz 'Iﬁdé&%f }A)tive caspas®9 1§ &%Ee%%d as the ratio
met astatic breast tumors showed an over-expression of netrin-1 (range
from 1.4 toet@edh theobabpage<aOtidlysif ticTalipte anyl that measured in HEK293T cells transfectcd
‘ with pCMV. Standard deviations are indicated (n=3). '
Figures 15A-15C: The recombinant soluble fifth fibronectin domain of DCC (DCC-
25  SFKFbn) inhibits netrin-1-induced DCC-multimerization
Figure 15A: Affinity curve of netrin-1 on DCC-5Fbn measured by ELISA test

shows that DCC-5Fbn is able to bind netrin-1. DCC-5Fbn (100 ng) or IL3-R (600 ng) was

coated and increasing doses of netrin-1 were added (0 to 800 ng). The IL3 values were
substracted to the DCC-5Fbn values. The approximate Kd of DCC-5Fbn/netrin-1 was

30 estimated at 5 nM.
| Figure 15B: Competition assay. As in (A) but the complete extracellular domain of



10 Table 1: The percentage of sanples showing a netrin-1 expression
hi gher than the average expression in non-netastatic biopsies is
indicated, as is the range of the over-gxpression. n = 15 netastasis
non netastasis % of breast tunors that oOver-express netrin-1 60 33
Range of over-expression of netrin-1 1.4-9.6 1.6-2.9 In mce, M IIer

d |1 d | d
ot astat | CDUEI G Rbn Feta st reed BHERGe! PEoTTRS e aran g Tirarged (00 b
mamary tupnfe Ex@?éncgspéi LHCB4 b Vn Oél) R BBl e BOUSER (B253R). INte Hat

cell lines wer obtalne t hat showed fferent "netastatic potentials
when i nj ecD@dﬁ—iEbh(ﬁalhsyugenpazte m&@CG/mtqmaﬂnntqmtmn while 67NR cells

formprimry no Tl .cells f r
tunors and matglg ééé”ergﬁtéle' nfi‘ifef‘[ﬁ‘ﬁ qﬁﬁ‘ﬁﬁzatlﬁg i) dpia blﬁﬂq?ynz%/e?n !
the Iiver 12 ate& ereHEKQ%‘Q'c)élls WhibbientRO trigbdcied- With alHAGDICC OanER)r demge.wt
in 67NR cells, netrin-1 was highly expressed in 4T1 cells ure

1B) . hTo a?@@yesem$@¢r§tm¢thénth@r sdtheutinetrinok SAP ina4mldfaan§@r-‘} n( by
to that 67N
were o cetopounde § HABPLEERLP AR LRt Sk MR s

or 67NR- nefyy€ Altibsdy. Tatal: eWEd’t&ﬁ%ldﬂ@ﬁ lysite ﬂ;efbfei ;@dllrcﬁﬁstA 2B) were 25
injected in mammary gl and .V. and netastasis was nonitored

anat ono- paFlHBr%‘glﬁAeﬁam Hele:i BEQﬁFbruragsagogé%nefém-l-bl%wgf gf"-lcﬁ‘d"‘l d)CC—
form asi n_hnjected in fat pad, suggesting that the
preseg}gée o'f' I‘C\IMIJI fat:hn 67NR i s not sufficient to allow |ung
netastasis for rmgm&ma‘Ar HBK 98 Toellsroene teintientlyHoasteeted withenmoek (Gonthepora

'njected | fu\lll 1éng?h ]%b%néol;léu%%t and incubated or not with netrin-1 (300 ng/ml) and/or DCC-5Fbn
(800 ng/mL). Cell death was assessed by trypan blue staining.

Figure 16B: Metastatic breast cancer cells 4T1 were cultured in the presence (+

15 DCC-5Fbn) or absence (- DCC-5Fbn) of DCC-5Fbn (300 ng/mL) for 24 hours and cell

death was also measured by trypan blue exclusion assay. Standard deviations are indicated

(n=3).

Example 1: Materials and Methods
20  Cell line, cell cultures, transfection procedure, reagents and immunoblots:

" 4T1 and 67NR cells were a kind gift from F. Miller (Detroit, MI, USA). Cal51, MCF7,
MDA-MB231, 453, 361, 157, SK-BR3, CAMA-1, T47D were cultured using standard
procedure. Human breast cell lines listed in figure 8B and more specifically T47D and
SKB7 cell lines were obtained from D. Bimbaun.67NR cells were stably transfected using

25  the lipofectamine reagent (Invitrogen) and puromycine (Sigma) selection. Transient
transfections of Human Embryonic Kidney 293T cells (HEK293T) were performed as
previously described 10 according to a modified calcium phosphate procedure or using
Lipofectamine according to the manufacturer’s instructions (Invitrogen). The breast cancer
4T1 céll line was described previously 2°. 4T1-luc cells were obtained by stable transfection

30 of a CMV-luciferase vector bearing hygromycine resistance. Clones were selected by

luminescence intensity using the luminoskan Ascent Station (Labsystems). Immunoblots
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29 increase of netastasis in the lungs was detected in the netrin-1
expressing 67NR (figure 20). See Table 2 show ng the nunber of
under - pl eural (netastasis outside the g ng) and i ntra-parenchymat ous
nodul es (netastasis in the lung). 5 Ta Fe 2: under - pl eural | esions
I nfra parenchymat ous Lesions (lung netastasis) mce injected with

Nnbor of TG HPAACL SGCHtSar IBTIONDH TESE JElor G P g3 % PRI a2
0-5 0 0 678fan# 1/200) or anti-HA (Sigma; 1/500). The artificial dimerizing agent AP20187 was
from Ariad Pharmaceuticals. The complete extracellular domain of DCC (DCC-EC), DCC-

EC-Fc were obtained from R&D system and Netrin-1 from Apotech corp. For cell death

5  analysis, caspase activity measurement and immunoprecipitation, AP20187 was used at a

final concentration of 10 nM and netrin-1 was used at a final concentration of 300 ng/mL.

Human breast tumors samples:
51 human breast cancer samples were provided by the tumor bank of the Centre Léon
10  Bérard. Fresh tissue of the tumor was obtained during breast surgery prior any systemic

therapy and snap-frozen in liquid nitrogen.

Site directed mutagenesis and plasmid constructs:
PGNET-1 pCMV and pGNET-1 encoding chick netrin-1 were was previously described s,
15 pKk was described 2. The dominant negative mutants for DCC (pCR-DCC-IC-D1290N)
and for UNCSH (pCR-UNC5H2-IC-D412N) have been previously described 6,277,
HA-DCC was obtained by introducing a HA tag in the template pCMV-DCC ° by
" QuikChange site-directed mutagenesis system (Stratagene) using the following primers:
DCC-HA F: 5’-CACAGGCTCAGCCTTTTATCCATATGATGTACCGGATTATGCATA
20 ACATGTATTTCTGAATG-3® (SEQ ID NO:1); DCC-HA R: 5'- CATTCAGAAA
TACATGTTATGCATAATCCGGTACATCATATGGATAAAAGGCTGAGCCTGTG-3’
(SEQ ID NO:2). ‘ e
c-myc-DCC was also obtained by introducing a c-myc tag in the template pCMV-DCC by
QuikChange using the following primers: DCC-myc  F: 5-
25 CACAGGCTCAGCCTTTGAGCAGAAGTTGATAAGTGAGGAAGATCTGTAACATG
TATTTCTGAATG-3’ (SEQ ID NO:3). DCC-myc R: 5’- CATTCAGAAATACATGTTAC
AGATCTTCCTCACTTCTCAACTTCTGCTCAAAGGCTGAGCCTGTG-3> (SEQ ID
NO:4).
HA-Fv2E encoding expression vector (in pC4M) from the Argent Regulated
30 Homodimerization kit is from Ariad Pharmaceuticals. From this plasmid, the HA-Fv2E-
DCC-IC plasmid was constructed. A PCR fragment of the intracellular domain of DCC



0:2 0 0 67NR-netl1 3 0-51 0-4 67NR-net2 1 0-3 2 1-2 . Thus,
netrin-1 expression appears to be a crucial event that supports
nmetastasis formation, probably by favorj,ng tunor cells after

i ntravati on. Because netrin-1 appears t2 be sufficient for the

net astastic potential of 67NR cells 10 after intravati on- and because
netrin-1 was shown to inhibit netrin-1 dependence receptors- induced
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i nhi bi t5 bopfy, REGLNEE b Taded @b the HA tag to C-terminal end of DCC. The PCR fragment was
subcloned in HA-Fv2E by Sall and EcoRI restriction digestion. The c-myc-Fv2E-DCC-IC
" was obtained using the QuikChangé site-directed mutagenesis system (Stratagen) with
pCAM-Fv2E-DCC-IC-HA as template and the following primers: primer F: 5°-
CTTAATGCCATCACAGGCTCAGCCTTTGAACAGAAACTCATCTCTGAAGAGGAT |
10 CTGTAAGAATTCATAAAGGGCAAT-3’ (SEQ ID NO:7) and primer R: 5°-
ATTGCCCTTTATGAATTCTTACAGATCCTCTTCAGAGATGAGTTTCTGTTCAAAG
GCTGAGCCTGTGATGGCATTAAG-3’ (SEQ ID NO:8).
HA-UNC5H2 (in pcDNA3.1) has already been described ? the constructs encoding FlagM2-
UNCSH2 was generated by cloning in p3xFlag-CMVTM-7.1 (Sigma) the Notl-EcoRI PCR
15 fragment derived from HA-UNCSH2 as template and the following primers: primer F 5°-
' GCGCGGCCGCAGGGCCCGGAGCGGG-3° (SEQ ID NO:9) and primer R 5'-
CGGAATTCTCAGCAATCGCCATCAGTGGTC-3’ (SEQ ID NO:10).
HA-Fv2E-UNCSH2-IC- and c-myc-Fv2E-UNC5H2-IC in pC4M were generated by PCR
amplification of the UNC5H2 intracellular domain using the following primers: UNC5H2-
20 HA F 5-CGGTCGACGTGTACCGGAGAAACTGC-3® (SEQ ID NO:11) and
UNCSH2-HA R 5-GCGAATTCTCATGCATAATCCGGCACATCATACGGATAGC
AATCGCCATCAGTGGTC:3» (SEQ ID NO:12), and UNCSH2-myc F 5’-
CGGTCGACGTGTACCGGAGAAACTGC-3’ (SEQ ID NO:13) and UNC5H2-myc R 5°-
GCGAATTCTCACAGAT_CCTCTTCTGAGATGAG’I'I‘TTTGTTCGCAATCGCCATCA
25 GTGGTC-3’ (SEQ ID NO:14) respectively. The PCR fragments were cloned in HA-Fv2ZE
by Sall and EcoRI restriction digestion. |
The cDNA encoding the HA-Fv2E-UNCSH2-IC and c-myc-Fv2E-UNCSH2-IC fusion
proteins were then subcloned in pcDNA3.1-TOPO by PCR using the following primers:
Fv2E F 5-CCACCATGGGGAGTAGCA-3’ (SEQ ID NO:15) and UNCS5H2-HA
30 R 5’-TCATGCATAATCCGGCACATCATACGGATAGCAATCGCCATCAGTGGTC-B’
(SEQ ID NO:16), and Fv2E F 5’-CCACCATGGGGAGTAGCA-3’ (SEQ ID NO:15) and



UNCSH netrin-1 interaction (not shown). DCC-EC-Fc was then added to a
culture of 411 cells and cell death was nonitored either by a trypan
bl ue exclusion assay (figure 3B) or by asuring caspase activity

(figure 3C). As shown in figure 3C, addition of the conpeting protein
in the culture nedi umtri ggers death of 4T1 cells in a dose-dependent
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activity oPPYFLMYS asqemglaee 3D). Thus, while netrin-1 appears to
confer metastatic potential to tunor cells in 5 mice, these netrin- |
expressing nmetastatic tunor cells can be engaged toward apoptosis by
i nhi bi ti onDGIC-5Fm pwiduction:/ r ecept ors interaction. To further

anal yse this holds true in human breast t
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affinity chromatography using Flag-agarose (Sigma).

Immunoprecipitation:
Coimmunoprecipitations were carried out on HEK293T cells transfected with various
15 tagged constructs as described previously 2 Briefly, HEK293T cells were lysed in 50 mM
HEPES pH 7.6, 125 mM NaCl, 5 mM EDTA and 0.1% NP-40 in the presence of protease
inhibitor, and further incubated with anti-HA (Sigma), anti-c-myc antibody (Sigma), anti-
~ FlagM2 (Sigma) and protein-A Sepharose (Sigma). Washes were done in 50 mM HEPES
pH 7.6, 125 mM NaCl, 5 mM EDTA. '
20
Binding assay and ELISA competition assay:
DCC-5Fbn (100ng) or IL3-R (R&D systems, 600ng) was coated on maxisorp plate (Nunc)
and increasing doses of netrin-1 (Apotech) were added (0 to 800ng) for binding assay.
'DCC-EC (R&D systems, 125ng) was coated on maxisorp plate for ELISA competition
25  assay. Netrin-1-FlagM2 (50ng) and competitor DCC-EC (125ng) or DCC-5Fbn (625ng)
were then added simultaneously. After washes, for both binding assay or ELISA
competition assay, residual netrin-1-FlagM?2 still fixed was revealed with an anti-FlagM2

antibody (Sigma).

30 DCC/netrin-1 ELISA assays:
DCC-EC-Fc (1.25ng/ml) or UNC5H2-EC-Fc (0.5ng/ml) was adsorbed on 96-well maxisorp
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plate (Nunc) according to manufacturer instruction. Flag-tagged Netrin-1 (0.5ng/ml) was
then added together with increased concentrations of DCC-EC-Fc. After a 1 hour
incubation, plates were extensively washed and bound netrin-1 was detected by
immunolabelling using an anti-flagM2 antibody (Sigma) and a HRP-goat-anti-mouse
(Jackson). Colorimetric measurement was performed on the multilabel Victor station

(Wallac).

Cell death assays: :

67NR, 4T1, CALS51, T47D and SKBR7 were grown in sefum—poor medium and were
treated (or not) with DCC-EC-Fc¢ or DCC-5Fbn for 24hours. Cell death was analysed using
trypan blue staining procedures as described previously ® The extent of cell death is
presented as the percentage of trypan blue-positive cells in the different cell populations. To
select transfected cells, cells were co-transfected with the surface marker pKk and the
plasmid encoding genes of interest. Transfected cells expressing the marker were
magnetically labeled with MACSelect Microbeads and separated using a MACS Separator
and Separation Columns (Miltenyi Biotec). Trypan blue exclusion was assayed on these
purified cells. Cell survival was also measured by MTT assay using Vybrant MTT assay kit

(Molecular Probes) according to the manufacturer procedures.

Caspase activity measurement:

Relative Caspase activity was determined by flow cytometric analysis as follows: 2.10°
treated cells were harvested, washed once in 1 ml PBS, and resuspended in 200 pl staining
solution containing FITC-VAD-fmk (CaspACE, Promega). After incubation for 60 rﬁin at
37°C, cells were washed in 1 ml PBS and resuspended in 200 pl PBS for flow cytometry
analysis. Stained cells were counted using a FACS Calibur (Becton Dickinson) and
CellQuest analysis software with excitation and emission settings of 488 nm and 525-550
nm (filter FL1), respectively. Caspase-3 activity was measured by using the Caspase-3 assay
from BioVision. Caspase activity is presented as the ratio betWecn the caspase activity of
the sample and that measured in HEK293T cells transfected with pCMV. For cell death
analysis and caspase activity measurement, AP20187 or/and netrin-1 or/and DCC-5Fbn

were added in cell culture medium 20 hours and 1 hour before collecting cells.
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(BioRad). Real-time quantitative RT-PCR was performed on a LightCycler 2.0 apparatus

‘(Roche) using the Light Cycler FastStart DNA Master SYBERGreen I kit (Roche).

Reaction conditions for all optimal amplification, as well as primer selection of netrin-1,
were determined as already described '®. The ubiquitously expressed human PBGD, TBP
and mouse RPLPO genes showing the less variability in expression between normal and

2528 were used as internal controls. The following primers were used:

breast tumoral tissues
PBGD:
- FOR: 5’-CTGGAGTTCAGGAGTATTCGGGG-3’ (SEQ ID NO:18),
-REV: 5’-CAGATCCAAGATGTCCTGGTCCTT—3’ (SEQ ID NO:19);
TBP:
- FOR: S’-CACGAACCACGGCACTGATT-3' (SEQ ID NO:20),
-REV: 5’ TTTTCTTGCTGCCAGTCTGGAC 3’ (SEQ ID NO:21);
Human netrin-1-NTN1:
- FOR: 5°-TGCAAGAAGGACTATGCCGTC-3’ (SEQ ID NO:22),
-REV: 5’-GCTCGTGCCCTGCTTATACAC-3’ (SEQ ID NO:23);
UNCSB:
-FOR: 5>-TGCAGGAGAACCTCATGGTC-3’ (SEQ ID NO:24),
REV: 5’-GGGETGGAGGATTACTGGTG-3’ (SEQ ID NO:25);
DCC:
- FOR: 5>~ AGCCAATGGGAAAATTACTGCTTAC-3’ (SEQ ID NO:26),
-REV: 5-AGGTTGAGATCCATGATTTGATGAG-3’ (SEQ ID NO:27);
UNC5C:
-FOR: 5’-GCAAATTGCTGGCTAAATATCAGGAA-3’ (SEQ ID NO:28),
'-'REV: 5-GCTCCACTGTGTTCAGGCTAAATCTT-3’ (SEQ ID NO:29).

Mice, intraveinous and mammary gland injections, measurement of metastasis

development:
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25 DCC was barely detectable and UNC5H expression failed to display
significant changes between the different types of tunors (not

shown), netrin-1is significantly nore _expressed in N+ tunors than in
NO tunors (nedian: 1.8 versus 0.5, p. O@g) with a range of netrin-1
expression higher in N+ tunors (figure 5 and Table 4). 33 Table 4:
The percentage of sanples show ng a netrin-1 expression higher than
the average expWesiistomalysedi@thin-dpanideits dependsinge Iiegpiers be.. DLE apg UNCSH

hi gher is indicated s, the ran f the. over-ex ' =
NOLocal | sepregon PR Bk i e Rgda Breab T ERBE RSB A By
met ast asi SkfdwnlBkta¥fatd elyl@ant ahdinPrihatt it nRtBtatieXdd (dgaodiet While DCTL was

73.7 93.7 % of breast tunors that over-express netrin-1 Mre than 5
fold 0 31.bargly detectgble and KINC5H5 falgd gp show significant change between the two types of

5  tumors, netrin-1 appeared to be significantly more expressed in metastatic breast tumors
than in non-metastatic breast tumors (figure 1A).
60% of tested metastatic breast tumors showed an over-expression of netrin-1

(range from 1.4 to 9.6 fold, p<0.015) (Table 1).

10  Table 1: The percentage of samples showing a netrin-1 expression higher than the average

expression in non-metastatic biopsies is indicated, as is the range of the over-expression.

n=15 metastasis non metastasis
% of breast tumors that over-express netrin-1 60 A 33
Range of over-expression of netrin-1 1.4-9.6 1.6-2.9

In mice, Miller and colleagues developed a powerful model to study the biology of

15 metastatic versus non-metastatic tumors; from a single primary mammary tumor that

occurred naturally in a BALB/c mouse, a series of cell lines were obtained that showed

different metastatic potentials when injected into syngenic mice. In particular, while 67NR

cells form primary mammary tumors but no metastasis, 4T1 cells form primary tumors and

metastasis, especially in the lung, the bone marrow and’ the liver 2. Interestingly, while

20  netrin-1 failed to be detected in 67NR cells, netrin-1 was highly expressed in 4T1 cells
(figure 1B).

To assay whether the metastatic potential of 4T1 cells, compared to that of 67NR
cells, was related to netrin-1 expression, 67NR cells were forced to stably express netrin-1.
Mock transfected 67NR cells or 67NR-net cells that express netrin-1 (figures 2A, 2B) were

25  injected in mammary gland or i.v. and metastasis was monitored by anatomo-pathology
examination of lungs. Both cell lines failed to form metastasis when injected in fat pad,
suggesting that the presence of netrin-1 in 67NR is not sufficient to allow lung metastasis

formation from the primary site. However, when cells were injected i.v., a significant
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domain) interacts with both DCC and UNCSH receptors (figure 34; ©), so that a soluble
15  extracellular domain of DCC (DCC-EC-Fc) can inhibit both DCC/netrin-1 and

UNCSH/netrin-1 interaction (not shown). DCC-EC-Fc was then added to a culture of 4T1

U

cells and cell death was monitored either by a trypan blue exclusion assay (figure 3B) or by
measuring caspase activity (figure 3C). As shown in figure 3C, addition of the competiﬁg
protein in the culture medium triggers death of 4T1 cells in a dose-dependent manner.
20 Moreover, this effect is specific, as DCC-EC-Fc had no effect on 67NR cell death and
IL3R-EC-Fc (the extracellular domain of IL3 receptor) failed to trigger 4T1 cell death
(figures 3B, 3C). This effect is due to netrin-1 inhibition, as addition of an excess amount of

netrin-1, together with DCC-EC-Fc inhibited the pro-apoptotic activity of DCC-EC-Fc on
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4T1 cells (not shown). To restrict the competition to a smaller domain, we produced the
fifth fibronectin type Il domain of DCC, which is known to interact with netrin-1 o
Addition of this domain -DCC-5Fbn- had a similar pro-apoptotic activity on 4T1 cells
(figure 3D). Thus, while netrin-1 appears to confer metastatic potential to tumor cells in
mice, these netrin-1 expressing metastatic tumor cells can be engaged toward apoptosis by
inhibition of the netrin-1/receptors interaction.

To further analyse whether this holds true in human breast tumor cells, netrin-1
expression was analysed in a panel of human metastatic breast cancer cell lines (see Table

3).

Table 3:

Human breast Netrin-1 ;
. . transcriptional DCC-EC-Fc sensitivity
carcinoma cell line .
expression
MDA-MB 157 - +/-
MCF-7 -+ -
CAMA-1 4+ -
SKBR3 ++ ND
SAV-NUDE ++- ND
Cal51 ++ ++H+
MDA-MB231 + R
MDA-MB453 + | - -
T47D - ND
T47D" ++ ++

* Carried out on another T47D cell line

Table 3 showing the different human metastatic breast cell lines analysed for the netrin-1
expression by Q-RT PCR as in figures 1A, 1B, and their sensitivity to DCC-EC-Fc by
measurement of cell death by trypan blue exclusion. The relative amount of netrin-1

expression and DCC-EC-Fc sensitivity are indicated by (), while the absence of these



15Thus, netrin-1 expression in tunor cells is not sufficient to
enable nmetastasis formation fromthe primary site. Because
netrin-1 was shown to inhibit netrin-1ependence receptors-induced
cell death 6' 7' 18, we next investigated whether the autocrine
production of netrin-1 detected in nmetastatic 4Tl cells confers a

sel ective advantage.to.these cells
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“associated with metastasis in the lungs. Moreover, mice or human metastatic tumor cell
lines, that were shown to highly express netrin-1, undergo apoptosis when the netrin-
15  1/receptors interaction is inhibited by a competing protein. Thus, netrin-1 is a marker for

human metastatic cancer such as metastatic breast and inhibition of the netrin-1/receptors

interaction represents a therapeutic approach to induce metastatic cell death.

Example 3: Restoration of the netrin-1 dependence receptors pathway triggers

20  apoptosis in metastatic breast tumors

Netrin-1 and its dependence receptors -i.e., DCC, UNCSH2, UNCSH3 expression
were aiiiysed by Q-RT-PCR in a panel of 51 breast tumors. It includes patients whose
tumors were either localized to the breast (NO, 16 patients), had nodal involvement (N+, 19
patients) or had distant metastatic disease at the time of diagnosis (M+, 16 patients). While

25 DCC was barely detectable and UNCS5H expression failed to display significant changes

* between the different types of tumors (not shown), netrin-1 is significantly more expressed

in N+ tumors than in NO tumors (median: 1.8 versus 0.5, p=0.007) with a range of netrin-1
expression higher in N+ tumors (figure S and Table 4).
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t hree manners. First, expression of the dependence receptor can be

down- regul ated, as extenS|ver descri bed for
31.5% of the N+ tumors show at least a 5 fold increase in netrin-1 expression while

no such increase was detected in any tested NO tumors (figure 5 and Table 4). An even
more striking difference is observed when comparing netrin-1 expression in M+ versus NO
tumors (median: 7.8 versus 0.5, p<0.0001). Along this line 62.5% of M+ tumors show at
10 leasta 5 fold increase in netrin-1 expression. A significant difference in netrin-1 expression
also exists between N+ and M+ tumors (median: 1.8 versus 7.8, p=0.009). Moreover,
netrin-1 overexpression is higher in M+ tumors than in N+ tumors, as 37.5% of M+ tumors
display more than a 15 fold increase in netrin-1 level, while such an increase is not detected
in N+ tumors (figure 5 and Table 4). Thus, netrin-1 up-regulation is a marker of nodal

15  involvement and distant metastatic disease in human breast cancer.
In mice, Miller and colleagues developed a powerful model to study the biolgg 8y of
metastatic versus non-metastatic tumors: from a single primary mammary tumor that
- occurred naturally in 2 BALB/c mouse, a series of cell lines were obtained that showed
different metastatic potentials when injected into syngenic mice. In particular, while 67NR
20  cells form primary mammary tumors but no metastasis, 4T1 cells form primary tumors and
- . inetastasis, especially in the lung, the liver and the bone marrow 2 Interestingly, while
netrin-1 failed to be detected in 67NR cells, netrin-1 was highly expressed in 4T1 cells

(figure 1B).

To first assay whether the metastatic potential of 4T1 cells, compared to that of
25- 67NR cells, was related to netrin-1 expression, 67NR cells were forced to stably express
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netrin-1. It was reported that a domain located in the N-terminus of netrin-1 (the so-called
laminin-VI domain) interacts with both DCC and UNCSH receptors (figure 3A; *'). We
show that a soluble extracellular domain of DCC (DCC-EC-Fc) can inhibit both
DCC/netrin-1 and UNC5H2/netrin-1 interaction, as measured by ELISA assay (figure 6A).

25 DCC-EC-Fc was then added to a culture of 4T1 cells and cell death was monitored, either
by a trypan blue exclusion assay (figures 3B and 6B) or by measuring caspase activity by
flow cytometry (figures 3C and 6C). As shown in figures 3B, 3C, 6B and 6C addition of the



Exanpl eexpression and inhibition of netrin-1 activity in other human
tunors A) Netrin-1 is a marker of aggressiveness in human
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5 netrin-1, which blocks netrin-1 receptors-induced cell death.

Because the complete extracellular domain of DCC appears as only of modest
interest for use in vivo and in therapy (DCC-EC-Fc is about 1100 amino-acid large), we
looked for an alternative polypeptide from the DCC extracellular domain, which could
trigger apoptosis in 4T1 cells. We consequently produced the fifth fibronectin type III

10 domain of DCC, DCC-5Fbn, which is known to interact with netrin-1 *' (figure 3A).
Interestingly, this 100 amino-acid protein does not interfere with the binding of
DCC/netrin-1 or UNCSH/netrin-1, but affects the ability of netrin-1 to trigger
multimerization of these receptors (see Example 4). As DCC and UNCSH multimerization
is a pre-requisite for the netrin-1 inhibitory activity on DCC/UNCSH-induced cell death, the

15 addition of DCC-5Fbn triggers apoptosis in DCC-expressing cells cultured in the presence
of netrin-1 2 and triggers death of both 4T1 (figure 7A).

We next investigated whether the cell death effect observed in vitro may be

 extended in vivo. To do so, 4T1 cells were stably transfected with a luciferase-based vector

~ and 4T1-luc cells were intraveinously (i.v.) injected into syngenic BALB/c mice. Mice were

20 then intraperitonaly (i.p.) and i.v injected (1 injection every two days, once i.v., once i.p.)
from day O to day 13 with either PBS buffer or Flag-tagged-DCC-5Fbn (1.25 pg/mouse
:;;?;.’injcction). Metastasis formation was then analyzed using luminescence recording. As
shown in figures 7B and 7C, when i.v. injected, 4T1-luc cells efficiently colonize lungs. On

the opposite, mice treated with DCC-5Fbn show a dramatic reduction of lung metastasis

25  (figures 7B and .7C). This inhibition of metastasis formation was then confirmed by

anatomo-pathological examination of ungs, (not shown, see Table 6).

1
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Table 6: Total number of lung metastatic nodules in individual mice were counted under a

CLB-CAR ..

CLB- ESP 4+ CLB- GAR -
PCT - CLB-HUT +-F+ CLB-MAR MO -1+ CLB-MAR LT + CLB-PEC -
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CLB-GHE MO - CLB-GHE

CLB- REM

dissection scope in the two-treated populations (+PBS, +DCC-5Fbn)

Treatment Mice (n) Average of Metastatis | Range of metastasis
per mouse per mouse
PBS 10 42.4 0-75
DCC-5Fbn 10 2.6 0-6

Similar results were obtained when we performed daily i.p. injection of GST-
tagged-DCC-5Fbn instead of Flag-tagged-DCC-5Fbn and GST-FADD instead of PBS (not
shown). Thus, in mice, the inhibition by DCC-5Fbn of the pro-survival activity conferred
by netrin-1 autocrine expression is associated with metastasis prevention.

The acquired survival advantage through netrin-1 autocrine expression is not
restricted to murine tumor ceﬂs, as it is detected in human breast cancer cell lines. Indeed,
netrin-1 was shown to be expressed in a sizeable fraction of human breast cancer lines
(figure 8A) and -addition of DCC-EC-Fc or DCC-5Fbn to naturally netrin-1 expressing
human breast adenocarcinoma T47D or SKBR?7 cell cultures triggers cell death induction

measured either by caspase-3 activity assay or MTT assay (figure 8B and not shown). This

. effect is due to netrin-1 inhibition, as addition of an excess amount of netrin-1, inhibited the

pro-apoptotic activity of DCC-EC-F¢/DCC-5Fbn (not shown). To monitor the anti-tumor
effect of DCC-5Fbn, xenografts of T47D cells were implanted in nude mice. When tumors
reached a palpable size, mice were daily treated with either PBS or DCC-5Fbn and tumor
volume was determined for 18 days. Similarly to the data obtained in the “syxr;\zznic model
above, DCC-5Fbn fully inhibits tumor growth (Table 7).

Table 7: showing the number and behavior of xenografted T47D tumors that have been
treated either with PBS or DCC-5Fbn. The number of tumors that has grown in size more
than 40% and the number of tumors that has a reduced size (more than 30%) are indicated

. Tumor growth Tumor regression
Treatment Number of mice (> 40 %) (> 30 %)
PBS 4 3 0
DCC-5Fbn 5 0 3
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Here we show that netrin-1 expression may be considered as a marker of breast

tumor ability to disseminate. Most of the breast tumors with metastasis propensity showed

. elevated netrin-1 expression. Both the data obtained on human/mice breast cancer cell lines
and the syngenic/human xenograft mice models described above and support the view that

S this elevated netrin-1 level is a selective advantage acquired by the cancer cell to escape
netrin-1-dependence receptors induced apoptosis and, consequently, to survive
independently of netrin-1 availability. From a mechanistic point of view, in the human
pathology, this autocrine expression of netrin-1 probably inhibits UNC5H-induced cell
death. Indeed, DCC was barely detectable in the different groups (NO, N+, M+) of breast

10  cancers studied, hence suggesting that DCC is either down-regulated early during breast
tumorigenesis or is only weakly expressed in breast tissue. Moreover, inhibition of
UNCSH-induced apoptosis by co-expression of a dominant negative mutant form of the
UNCSH pro-apoptotic activity inhibits human breast cancer cell death in response to DCC-
EC-Fc (not shown).

15 Thus, as predicted by the dependence receptor model, we have now shown that a
tumor cell can escape dependence receptor dependency in at least three manners. First,
expression of the dependence receptor can be down-regulated, as extensively described for
DCC and more fecently for UNCSH 15 1" 192 Qecond, the downstream death signalling
can be shut down. Along this line, we have recently shown that UNC5H2 pro-apoptotic

20 activity relies on the binding of UNC5H2 to the serine/threonine DAPK 2 a protein that
was demonstrated to be involved in metastasis regulation and doWn—regulated in human
malignancy **. Similarly, a recent égort by Stupack and colleagues shows that, in the case
of some integrins that act as dependence receptors, caspase-8, which triggers the cell death
mediated by these integrins, is crucial for neuroblastoma metastasis 3 Here we show that a

25 third selective advantage for the tumor cell is the self-production of the dependency ligand.

" One intrigning question remains as to why breast tumors with metastatic propensity seem to
have preferably selected netrin-1 self-production rather than receptor loss, while colorectal
tumors have mostly selected loss of the receptors rather than gain of netrin-1 expression -
indeed, only 7% of colorectal cancers show an increase of netrin-1 expression 18 A possible

30 explanation is that netrin-1 expression not only confers a gain in survival to the migrating

cells, but also possibly a gain in the non-apoptotic/positive signalling of netrin-1 receptors.



B) Netrin-1 is overexpressed in a large fraction of glioma (see
figure 10A and its legend) and inhibition of netrin-1 activity
pronotes glioma cell death (see figure;d0B and its 10l egend). C)
Netrin-1 is overexpressed in human |ung cancer (see figure 11A, its
| egend and table 9) and inhibition of netrin-1 activity pronotes
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even though conflicting results have been published 3638 we cannot at this stage discard the
role of netrin-1 as an angiogenic factor that somehow could favor metastasis development
at the secondary site. However, the gain of “positive” signalling by nefrin-1 autocrine
expression is probably not sufficient per se to promote metastasis, as forced expression of

10  netrin-1 in non-metastatic cells failed to be associated with metastasis formation.

These observations not only provide evidence for the importance of
ligand/dependence receptors pairs in the regulation of tumor development, but also
enlighten a new therapeutic strategy. Indeed, as of today, there is no efficient treatment for
patients with metastatic breast cancer, a lack of treatment that leads to the death of 400,000

15  women worldwide per year **. Here we propose that a treatment based on inhibition of the
interaction between netrin-1 and its dependence receptors could positively affect a large
fractions of the patients suffering from metastatic cancer, such as breast cancer -i.e. patients
who would shown high netrin-1 expression in pnmary tumors-. These treatments could
include chemical drugs, monoclonal antibodies or the DCC-5Fbn prbtein presented here.

20

Example 4: Netrin-1 expression and inhibition of metrin-1 activity in other human

tumors
A) Netrin-1 is a marker of aggressiveness in human neuroblastoma (see figure 9A, its
legend and table 8) and inhibiting netrin-1 activity promotes neuroblastoma cell death (see -

.25  figure 10B ant its legend).



H460 - H1299 + SCLC H69 - 11146 + H196 - D) Netrin-1
expression in other human tunors. Expression of netrin-1
exam ned by Q RT PCR using total RNA exyracted fromdifferent human
tunors as in figures 10A-10B, 11A-11C, 12A-12B. The table 10

i ndicates 10 (n) the nunber of tunors tested and the percentage of

! umors s hol\i_ma_;blnqg_&: %% n%tl/r% ﬁg:(t rrng %glil ﬁgesC)(]ceiﬂpc?E)gtial{lllé& dljrencﬂ? %'Corr}x ;?a%ten C{Lr%g%'at Centre
Léon Bérard (CLB-X) or classic neuroblastoma cell lines (IMR32, SHEP, SHSY or
SKNAS)) were tested as in (a) for netrin-1 expression by Q-RT-PCR. Netrin-1 level is
indicated as (-) no netrin-1, (+, ++, +++) low to high netrin-1 level. It can be noted that a

5  significant fraction of cell lines have high expression of netrin-1.

Cell line netrin-1
CLB-BAB -
CLB-BAC -
CLB-BAR -
CLB-BARREC -
CLB-BEL . +
CLB-BOULT +
CLB-BER2 -

CLB-BERLUD -
CLB-CAR -
CLB-ESP . : -+

| CLB-GAR -
CLB-GHE MO -
CLB-GHE PCT -

1 CLB-HUT Lk
CLB-MAR MO ‘ -1+
CLB-MAR LT +
CLB-PEC -
CLB-REM ++
CLB-SED +
CLB-TRA -
CLB-VOL At
IGRN91 . -+
IMR32 A+
SHEP -+
SHSY 5Y -+
SKNAS 4+

. B) Netrin-1 is overexpressed in a large fraction of glioma (see figure 10A and its legend)
and inhibition of netrin-1 activity promotes glioma cell death (see figure 10B and its

10  legend). |
. .C) Netrin-1 is overexpressed in human lung cancer (see figure 114, its legend and table 9)
and inhibition of netrin-1 activity promotes lung cancer cell death and prevents lung cancer

development (see figures 12C and 12D and their legends).



Tabl e 10: -Cancers n over expression of netrin-1 Renal adenocarci nona
5 40 % Acute nyel oid | eukaenm a 55 62 % Sarconma 10 30% Mel anoma 6 50%
Ovari an adenocarci noma 14 93 W Pancr eatggc adenocarci noma 7

Table 9: Lung cancer cell lines either derived from small-cell-lung cancer (SCLC) or non-
small-cell-lung cancer (NSCLC) were tested as in (a) for netrin-1 expression by Q-RT-
PCR. Netrin-1 level is indicated as (-) no netrin-1, (+, ++) low to high netrin-1 level. Itcan

be noted that a significant fraction of cell lines have high expression of netrin-1.

Cell line netrin-1

NSCLC
A549 +
H322 ++
H358 ++
H460 -
H1299 +

SCLC
H69 -
H146 +
H196 -

D) Netrin-1 expression in other human tumors.
Expression of netrin-1 examined by Q-RT PCR using total RNA extracted from
different human tumors as in figures 10A-10B, 11A-11C, 12A-12B. The table 10 indicates
10 (n) the number of tumors tested and the percentage of tumors showing an overexpréssion of

netrin-1 in each pathology.

Table 10:

Cancers n over expression of netrin-1

Renal adenocarcinoma 5 40 %
Acute myeloid leukaemia 55| 62 %
Sarcoma 10 30 %
Melanoma 6 50 %
QOvarian adenocarcinoma 14 93 %*
Pancreatic adenocarcinoma 71 57 %
Uterus adenocarcinoma : 42 19 %
Stomac adenocarcinoma 27 26 %
Kidney adenocarcinoma 20 50 %
Rectal adenocarcinoma 18 17 %

15 *100 % of the 7 metastatic samples



57 % Ut erus adenocarci noma 42 19% St onac adenocar ci noma 27 26 %

Ki dney adenocarci noma 20 50 % Rect al adenocarci noma 18 17 % 15 *100%
of the 7 netastatic sanples 41 Exanpl g;5 To anal yze whet her
DCC was under its monomeric form unless netrin-1 was present, we
transiently co-expressed an HA-tagged full-length DCC together with
c-myctagged ful | -1ength DCC in FIEK293T cells. |munoprecipitation
was t hen 1 using 5 an anti-c-myc anti body and as shown in

figure 12A, desyj LEaiGrc0RR6hEX DUES @ ndér ROtbnReAD dortn Mikess netrin-1 was
t agged- DCC, HA-DCC was only nodestly included in the c-nmyc-DCC
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triggers I 'on or Is result 1s 1n
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reported netrin-I. -induced nultinerization 46, even t
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netrin-1. This constitutive, low nultinerization |evel could either
be attri butled, HA-DRE wasicledry ntludedoin thecmycBfCandl-doym, hproggismeasiraing

e e kbR b AR MEEE, T oS s
. with data from Tessier-Lavigne and colleagues who first reported netrin-1-induced
multimerization *, even though in our culture and immunoprecipitation conditions, DCC
15 - displays a modest albeit detectable level of multimerization in the absence of netrin-1. This
constitutive, low multimerization level could either be attributed to the low affinity of DCC
receptors for themselves in the absence of ligand or to the system used, which is based on

forced expression of high levels of transmembrane receptors.

We then investigated whether the other UNCS5H netrin-1 receptors share a similar

20 behaviour. HEK293T cells were transiently transfected with an HA-tagged full-length
UNCSH2 together with Flag-tagged full-length UNCSH2 in the presence or absence of
netrin-1. Immunoprecipitation was then performed using an anti-FlagM2 antibody. As
shown in figure 11B, the presence of netrin-1 triggers an efficient immunoprecipitation of
HA-UNC5H2 with Flag-UNCSH2. Thus, while in the absence of netrin-1, DCC and

25 UNCS5H2 are mainly under monomeric forms, both DCC and UNC5H2 show an increased
propensity to multimerize in the presence of netrin-1.

To determine whether netrin-1-induced multimerization is the crucial step for
inhibiting DCC/UNC5H2 pro-apoptotic cell death, we developed a chimeric system in
which protein dimerization can be induced by a chemical agent. This system was

30  successfully used to show both the role of caspase-8 dimerization in caspase-8 activation 9

and the importance of p75ntr-multimerization in p75ntr pro-apoptotic activity . This



W then investigated whether the other UNCSH netrin-I receptors share
a simlar 20 behavi our. HEK293T cells were transiently transfected
with an HA-tagged full-length UNCoH2 tggether with Flag-tagged
full-length UNC5112 in the presence or absence of netrin-1.

| mmunopreci pitation was then perforned using an anti-Fl agM2 anti body.
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AP20187 walstAdd Geiilartye|whilde ByZe-UNESHRAChyigBus ecolbaivathc(igse dFBher | @anapy
' educez‘% (fz{cg\brlgt%n (figure 14C) when expressed in HEK293T in the absence of AP20187, the

addition of the dimerizing drug is sufficient to reduce significantly Fv2e-UNC5H2-IC-
induced cell death (figure 14B) or caspase activation (figure 14C). Thus, while monomeric
DCC-IC and UNCS5H2-IC are pro-apoptotic, the multimeric forms of DCC-IC or UNC5H2-
IC no longer display pro-apoptotic activity. Therefore, the ability of netrin-1 to inhibit
30 DCC/UNCS5H2-pro-apoptotic activity is intrinsically linked to the ability of netrin-1 to



14A). Simlarly, while Fv2e-UNCSH2-1C triggers cell death (figure
14B) or caspase 25 activation (figure 14C) when expressed in HEK293T
in the absence of AP20187, the additionsof the dinerizing drug is
sufficient to reduce significantly Fv2e-UNC5H2-1C- i nduced cell death
(figure 14B) or caspase activation (figure 14C) Thus, while
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apoptosis inhibition '8 and we have recently observed that netrin-1 is overexpressed in the
30 majority of human metastastic breast cancers. Moreover, the mechanism of netrin-1

overexpression appears to be an acquired selective advantage of metastatic tumor cells for



30 majority of human netastastic breast cancers. Mreover, the:
mechani sm of netrin-1 overexpression appears to be an acquired
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Thus, to inhibit DCC/ UNC5H di neri zati on woul d putatively represent an

interesting way.to trigger .tunor | | apqpt osi Al on j s 1i\n t he
(11 eh 11 bromatih SerbestR Syttt Sond T RRERAT cof bR nd DTy B
i nteracti ophMitIFCORINGIN dinfekik&ioh el oudd\paateh pre€h€ Bn i@egig way to trigger
conflicting data have al so been reported 43. W thus fast assessed
whet her a ewopdiapapiesisol ubl e fifth fibronectin domain of DCC
(DCC- 5Fbn) coul g bi to , ' : : 0= 4 :
denonstrates t hlglf’ a _lg;'gb{rl]lg?%b?&%%tﬁ@o&%ﬂn%fggg%#e%%ﬁ?@ygsbegpd&ng end
t o t he £xt sfaaetdtibawitd asmh (@fuanbAlaid! peesh thegdpooflictidg GtFhdveiatabeen
15A). The approximate Kd for DCC- 5Fbn/netrin-1 was 10 é@gghlg . .
esti mat ed &poredni We rhusdusi %&SWtWefl}?éaé?cﬂ ingpt i (S8 ‘it’l‘?edo_mam
descri bed Q%@E{g)@gpﬂﬂqnggoul%iﬂ&%treém{ gatied. PhesA 8dsay Eélﬁorﬁﬁﬁfﬁé that
I Sp

was sufficrent t ce DCC netrin-1 interaction. As shown in
figure 15BDCAsiFhy sperifitall@Aimdsstaynatnin-ihascbppobes tox the sazehdelinkar damaii of of

DCC was coated and netrjn-1/ i hteraction .wa e etyin-

i munor eac‘ﬂ‘]réfl‘?@,re%t%t}t’gﬁ/g@ufeh%)‘ f PRI eplggitf?riclégeéﬁﬁgﬁmflhve&
conpl efee 1%(@9 rea@Rhtbdllafls RO keQfindDWih( BEGrES) ofvasg il iofi the dedctibed
di spl ace netrin-1 interaction, DCC-5Fbn failed to interfere.
Thus, DCC-BEBmetrintkKae (e wexthinvestigaterl whether this despain yras| spfficignt ¢Q) displace

i nhi bi t trin-1 interacti tod [ :

D SFbn cOuT AT ebERBeas AP S ARG, 195 4B bRSATAEh R which e
cO- i mmunop&@atdiutaatdopaini 6f DEK2Q&T cdataingidemditing L DGO fterattio wist fetected by
HA-t agged full-length DCC together with c- m{c-tag&%d, full - 281 I en%i h
DCC i n t hehghiled dpwBmareagiyifin be dromed fhah whilenas 3 RosttyE Sopfrplethe; Gomplete
Fi gur e;slA, _.pt e NeL i hEget) S FAMAROR Q5hlicd abtomeRin-1
HA- DCCIS\]I-VI t%ﬁggﬁ%@mge%%(%a{q%g ngt ?Vitaér}?sul-i ndu%egfsgcc )
mul ti meri ziateratiog, DGTSEDA Fhled thlomterfere., Thuse PO EFtmeintegactsnwillb aetad-lwput s

netrin-1 were al so sinul. usly treated with - 5Fhn

DO oyt secien B BRCPTeth E3a, Wepbrtingstenitr bR gron
Thus, DCC- &ilifinflRerlc® DEXAGhRimbikRioREWeipRridrmed 3-8 optedipitdtion 1 HER293T
the netrin-l-nmediated comng closer of two or nore DCC nol ecul es and

i s abl e t otransiehtly tramséectadnwith Hetiseaesl folldenath DG toggther with c-myc-tagged; fyd,

B o ey
forced to supnesst REGN D tif@rpties eneendrechiBto of MAAME i wit c-myt-BCE

wi t hout DCC-5Fbn, and cell death was deter m',neg( 30 lfg/ t(%\fvn bl ue hen th
excl usi on GeEremgtrating quefran-|-Ryduceds Do mitiperizatinny Bigesn 15 Gh Haweses when the
triggers OShted Wi ) b Qi PRICRSFYn, the HA-
activity g%@%&@%bﬁﬁd Qﬁ%‘f&%@ggﬁg}g@g@ S%I%%P%lg-%a&?hel presence ofe

DCC- 5Fbn " i BCSfhieDER! irnteradtionc ketirhe 1o nietrivi-1 arop-tesateidvievgls.oThyse tPEE-5Kbn

thus |l eading to DCC-i nduced cell death cause. the H 93T.celll
syst entus e‘é‘ge&?fsog%n Wﬂ”ﬁe’é’s‘? g~ e?‘?é’ﬁlplﬁl-%g’i ,ﬁle\ﬁst%ﬁ‘fnegj‘ég‘&& TR CI8se §f
in a more {oYrdHre BOYmbIeh %Rl id B inthbit 8RN LihJucd® DOTSintRinfezAtvAL
conpared to non-netastatic breast cancers, the ngjority of 5 hunman

net astati c br eddt theantesied whotbereRECeSda sconlkt ¢ansequentipptriggieranciins b 1R

that titrati,ng,overexpressed netrin; i u I i
novi tro dRACKLCRTs T6 NI BhePEh HE AP aus dehiiled g R BEE e
Many br easgredeHfdér sdnke bf Atisn-2PRERbr Wwih@X DTG SFHigtd cellldeathdyvasalecteanimed
shown that & ating netrin-1 in mce breast carcinom 4T1

| |
triggels dpoiarresibhie(eselusion apay £iguze ApR)- 3. shawn shBEHCiLAAS P Esofetg',ggers
addi tion ngo%-s ?xlx: Qkpe «Iib%er?CcéloJfJneﬁ’ﬁLL algx%gip%ﬂ{oﬁc 'aéti\ﬁ‘@fstﬂ&ik%& %9 the E)stence of




25 UNC5H2, is the critical step to inhibit their pro-apoptotic
activity. We therefore propose a nodel in which nononeric
netrin-|-dependence receptors are pro-4apoptotic, while their

mul timerization, induced by netrin-1, abolishes their pro-apoptotic
activity. Using this property, we propose the use of a reconbi nant
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Here, we show that netrin-1 triggers the multimerization of both DCC and UNC5H
receptors. By using a system in which dimerization is chemically-induced, we demonstrate
that multimerization of the intracellular domain of netrin-1 receptors, such as DCC and

25 UNCSH?2, is the critical step to inhibit their pro-apoptotic activity. We therefore propose a
 model in which monomeric netrin-1-dependence receptors are pro-apoptotic, while their
multimerization, induced by netrin-1, abolishes their pro-apoptotic activity. Using this
property, we propose the use of a recombinant specific domain of the DCC extracellular
region that (i) interacts with netrin-1 and (ii) inhibits netrin-1-induced multimerization, in

30  order to trigger apoptosis of tumor cells.
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domain of said netrin-1 receptor; b) contacting said nediumw th the
conpound to be tested; <c¢) - neasuring the inhibition of the
interaction between netrin-1, or a fragoent thereof, and said
netrin-1 receptor, or a fragnent thereof, and/or 15- determ ne

whet her said conpound inhibit the dinerization or nultinerization of
said netrin-1 receptor, or a fragmengyhgiseof, particularly the
dinerization of the intracellular domarn of said netrin-1 receptor;
and d) selecting said conpound if: - the nmeasuring in step c)

denonstrates a significantly jnhibition of the interaction,?2 et
nettin-1, or a ¥rag O%t #‘?érsg t,mga?\&O‘HB?‘ﬂdn{Oi%i‘eeBrgﬁ?rg'\%? °53h%19[f°? g‘&%ﬁ?
thereof , |nnR-SSRAGE B metlod cEAPRAY B foRGWNEEteps of:  the determ nation
in step c) denonstrates a signiticantly inhibition,- e-f the

di mer i Zat | ®rhaving mumadivme containing netoin-Is af 2 fragmerit heteof, apd gingtin-recgptor, or a
fragnment t ereo{ in ﬁ@esence of said conpound, particularly the ‘
di meri zati e t{hﬁrgog, P5¢%l 1 ul ar domain of said netrin-1 25receptor.
2. The nethod acgey détAg-1} or ¢l RigMdnt thef,cind Sid dettiasicarertar, loe apfirapwent

or treated is a_cancer wherein tunoral cells express .or oQverexpress
netrin-1. thereof, 5 ablprie spesifically mtesast tngagents fma 'i’ff“im%?alé,a“&ﬁ’ér ein said
cancer to be preyent or frsated Js.5qh&cieds LhRMot PRuGT M dERFEhEI BY
of breast cancer, colorecdtal carcer, lung cancer, 30 neurobl astoms,

gl i omal0 acstleimeyiedtion df baidiketrin-d, receptoe,coma, fragekstrigerenf, mwtigulagly the intracellular
adenocar ci noma, renpal adeno carci noma pancreati c adenocarci nona,
uterus 51908k eHhreCet®mac adenocar ci noma, ki dney

adenocar i gapfaad &R 4ARARARIRRRPo v ithe; et hod according to

clains | t rein said cancer to be prevent or treated is a
met ast at i cc)canceneaguringrthaiphibitsmi ofsheiaterastion BEwanenetrin- hod adtagmens theyeefo

clainme 1 to 4, .wherein at step.a) said netrin-1 receptor is selected
fromthe POGRISE FC“@E\?ES?E a?fb"a%}?ef‘%f”&f’fg‘/“ C5HL, UNCSH2 and
UNC5H3)s neogeni deteaifhet wit:iiasl 8418 Tom@oiidibinhibit the dimerization or multimerization of

said netrin-1 receptor, or a fragment thereof, particularly the dimerization of the
intracellular domain of said netrin-1 receptor; and
| d) selecting said compound if:
- the measuring in step c) demonstrates a significantly inhibition of the interaction
20 between netrin-1, or a fragment thereof, and netrin-1 receptor, or a fragment thereof, in
presence of said compound, and/or
- the determination in step c) demonstrates a significantly inhibition=.ef the
dimerization or multimerization of said netrin-1 receptor, or a fragment thereof, in presence
of said compound, particularly the dimerization of the intracellular domain of said nefrin-1
25  receptor.
2. The method according to claim 1, wherein said cancer to be prevent or
treated is a cancer wherein tumoral cells express or overexpress netrin-1.
3. The method according to claim 1 or 2, wherein said cancer to be prevent or
treated is selected from the group consisting of breast cancer, colorectal cancer, lung cancer,
30 neuroblastoma, glioma, acute myeloid leukemia, sarcoma, melanoma, ovarian

adenocarcinoma, renal  adenocarcinoma  pancreatic  adenocarcinoma,  uterus



6. The nmet hod according to claim5, wherein at step a) said netrin-1
receptor is selected fromthe group of DCC, UNCS5H1, UNC5H2 and
UNCS5H3. 107. The nethod according to cl&iins 1 to 6, wherein at step
a): - said netrin-1 receptor fragnment conprises or is the

extracel lul ar domain of the netrin- | receptor, or part thereof able

to interacfy, %ésapcugb‘?ﬁa;' Ntomac@n 4%%036 cifdthd nﬁl{dflé}n 1ddBELBLONa f rAdMeRE al

conprises or | ntracellu omain of the netrin-1 receptor, or
part ther eafenadataindnen. di meri ze or nul t| nerize in presence of netri n l.

158. The nmet hod accordin clainms 1 n at, ste

netrin-1. or/an saﬂg‘ ﬁ‘gefkﬂ%r?c‘iorfl‘é‘g é‘bf%?“ ¥@v$ P%‘ﬁﬁcwa%%?a“"%é?% %“’i“e“‘
f'rom noUSeyediis @nelitiBEcancer or an JggrddIfe BRIcBOd according to clai ms 1
to 8, wherein at step a) said netrin-1 is from chicken.
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said 20 netrin-1r nd/ or i
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11. The neUNQISHay@%géhm&naﬂle@handﬁﬁlelAZbo 10, wherein at step c): - the
nmeasure of the inhibition of the interacti on hetween netrin-1

or
fragment theredf, ardesugthpdreeqrding fo claim i whereipat Seprd) SyfeRiing ]h@F%‘fr 15
Is carried %ngq;t ol dGBSA b
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(SPA) tr by FlI u70resd&amﬂl@dmmngtcﬁrlangyta'ﬁawhefrena(ﬁﬂﬁr)r and/ or -
the dimerization or multinerization,.or its inhibition

netrin-1 resa: pgtpn— 1yfecqpior, ng %?%FS orpgrtp? &xifage 19 tq.?énam of {he netrin-1

i ntracel | uleat,i6logmiaR thdrSor@Bitid ffer@id withhetrHRAHEBLCI pi tation or FRET.
3012. The met ﬁ)od according to clains 1 to 11, wherein at step_a) said

medi um cont sEidsetgetll scmmrcﬁamt mpxmes Dhéi the dnfracelldar Homsim Ab thgrhetrin-1
O SeT O Seh o b SRR B P P SR B RegptcccP o
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step a) s aclar(/jang?sglld l:xre?n(rzlci nrte?elp?oi are from mammal, particularly from mouse, rat or human.
9. The method according to claims 1 to 8, wherein at step a) said netrin-1 is
from chicken.
10.  The method according to claims 1 to 9, wherein said netrin-1 or/and said
20 netrin-1 receptor and/or the compound to be tested is labelled by a marker able to be
directly or indirectly measured.
11.  The method according to c¥iims 1 to 10, wherein at step c):
- the measure of the inhibition of the interaction between netrin-1, or a fragment thereof,
~ and said netrin-1 receptor, or a fragment thereof, is carried out by immunoassay
25  (particularly by ELISA or by Immunoradiometric Assay (IRMA)), by Scintillation
Proximity Assay (SPA) or by Fluorescence Resonance Energy Transfer (FRET); and/or
- the dimerization or multimerization, or its inhibition, of said netrin-1 receptor, or fragment
thereof, particularly the intracellular domain, is carried out by immunoprecipitation or
FRET.

30 12.  The method according to claims 1 to 11, wherein at step a) said medium

contains cells which express at their surface membrane an endogenous netrin:1 receptor or



cells which express reconbinant netrin- | receptor. 514. The net hod
according to claim 12, wherein at step a) said nedium contains
tunoral cells which express endogenousl5y said netrin-1 receptor at

t heir nenbrane surface and whi ch express or overexpress netrin-1, and
wherein at step c¢) the inhibition of the interaction between netrin-1

and its nejiBeoyime ReRin-1 %&i}e&{a PeRicbrly e ReIPOY NEktrheellaRr t@aiaad of i £

nmeasured by the apoptosis or cellsS death i nduced by the presence of

t he conpourdoriBihant betrindgeesptor15. The net hod according to clai m 14,
wherein at step ,a) id i um cont ains tastati u I :
particularly celrs ?@Fé‘&e{aﬁ% FrOme %CIS%E%’ ‘g%err\eéq%‘gﬁt#g%%ﬁ 411 cdélé?lg?ms
CALS51 cel | &ls Whidh ekglebsSreconkBBidat 6@tih9.redepdd2 cel l's, G.26 cells and

H358 cells. 16 _A method according to clainms 1 to 15 fqr sele ting a
conpourid for thk. 15 Theaweshad aseordingioglaim &2 Wsiein gt stemcaid mefhun gppfains

sai d met hot%m%?a[mgﬁﬁsxg%glﬁ Pﬁ)résg leh@dgeﬁ(g]s s?lf?isn(f‘ﬂflri-l @ceﬁ@y 1tNGei PmBRBiaHT S urface

contai ni ng a nanma expres n endogenous or a reconbi nant
netrin-1 radephioh expressaorfl ovegerpress hbeinegfand ovherdis engemt) teashibitios of the
intracel lul ar domai n, preferabl r cell

y.a tu . TOr e pr f rabll}/ adct:eLI
present i ngETIFEPT PeiNesh neiFiningfd; ‘itsr’r’é?q“g'gtrﬁﬁﬁt%dﬁﬁmis?%c r?gtt% frpound to be
receptor i t@gt&&gﬂlaéma bQQItE)Elad'epB{n%Eis Br &ils e BIRESH UyltRe prRichtdofkhé EBaRuAA

intracellular domain is”a o dinmerize or nultinerize in presence
of nettd n-tbbetebtet]) contacting said nediumwi th the conmpound to be

tested, optionalldy e ium fyrther, containi I\ o OF :
fragment thereo 'ab}@e%%‘?g%a@?%gpgaf Flaty Elé’ %’Qﬁrrlggg%éﬁ)gﬁ gdcfg%éll“ﬁ coptamns
the netri nmdiatigGeRtiral cds, partidahey BdiReclsted iom thbgralbrendigtimtiofATorells,
mul timerization of said netrin-I| cept intracellular_daomajin is

re or

i nhi bi t ed CALPF edlsnE4&Dhells SKBRbegYs 2o Glbicsls ahHR§c hal |y,
det er m ne whet t e hg..; hest oA $&Sth
the cel | death Bf sa RUERCARGdle bEaERTPHTY HEARMER! G ©
conpoursl i fretdneionl et eentaaghéndiof tanced, efherin shidroetiod abmpriges shegfollowingrstdpy
30 inhibition of the dinerization or nultimnerization of the

intracel | u?far domain of said netrin-1 53 receptor and/or if the

det erm nat %%vi.n ah&Ruf bofleRRE St hahRal dexpRding8AdddofinodPbich WeGHBthant
cell. 17.An I n Vitro nethod for predicting the presence of a )
met ast at i cnadrin-dnreceptor, or a fragment thereof comprising at least its intracellular domain,
preferably a tumor cell, more preferably a cell presenting dimerization or multimerization
20 of its netrin-1 receptor intracellular domain or a cell wherein its netrin-1 receptor
intracellular domain is able to dimerize or multimerize in presence of netrin-1;
%) contacting said medium with the compound to be tested, optionally the medium further
containing netrin-1, or a fragment thereof able to interact with the extracellular domain of
the netrin-1 receptor;
25 ¢) determine whether the dimerization or multimerization of said netrin-1 receptor
iﬁtracellular domain is inhibited in presence of said compound to be tested;’
d) optionally, determine whether the presence of the compound to be tested induces the cell
death of said mammal cell; and

e) selecting said compound if the determination in step ¢) demonstrates a significantly

30 inhibition of the dimerization or multimerization of the intracellular domain of said netrin-1



aggressive cancer in a patient having a primary tunor from a biopsy
of said patient 5 containing primary tunors cells, said nethod
conprising the following step of: (a) #Basuring of the netrin-1
expression level in said biopsy. 18. The nmethod according to claim 17,
wherein an increase of the netrin-1 expression level in said

bi opsy, ng&?f&gnﬂy'of {T (B Bét&AM0n & stBEHY dindnsirReathB el GRiASE Ald Mammal
primary tunor biopsies or in a non-aggressive cancer biopsies is

si gni fi cangellof the presence 10 of a netastatic cancer or an
aggressi ve cancer. 19. The.net hod ,agcor di. cl aj .
wherein a rati g%upéi"l & R i“%%cid\/\goce%npr%%l?%%% %%érﬁggé%oaﬁ%agt mé or an
bi opsy to @reés@6d eshcanth ianpdtest howngrat mihay i tomoe fieme s ddorisy ayfssaid patient
significant of the_presence of a_ petastatic, cancel. 20.A WE%QOd for
det er mishi repniaining primary femess eells; witbgpeed sopprine thelapingsEROkent 15

for apatient gfy fouffl of hd furith BEEQGE B tayr espond to a

specific anti-cancer treatnent, sal'd nethod conprising the follow ng
step of : (a) olBai niThg raethod meoydingi e clain olds ywieteis an dntreasatafdthe netrin-1

atient; and (h suring .of the netyin-1 expressi on. level in said..
Ei opsy, eXPW%%ﬁ)’%g’i’e Wesalé’?tPlPBﬁyeﬁ%PaB %"2“ ﬁx%fﬁ{%fopcojjﬁ?gw‘fVie%lfl%ﬁ’te%ftgm
corr el at edyih 4 tdhs HiGH18 35 & Phork dpBredQvedmiaivicysict Rsigiffidantoflthe presence

expression level neasured in said biopsy, or wherein the sel ected
pati ent®s wife metastaicanasr ar anrgeickIIve @Aedr- cancer treatnent are patients

where the anou of i he trin-1.expr | O v - 1
bi epsy has beenbdec J%‘Ssr%fgg%i ?césf’rdé%{é éé%gr{gi llfr)zl J(’:n fééé{ﬂr%e?e?{?gq’%id %p%gft&lh%dz
accordi ng BePwénefirD exp¥oSicRi il thabidpsyan dRrtestaiianddd timodBmetastatic reference

overexpression of netrin-1 and/or is a nmetastatic or an aggressive
cancer. 22igpRy inggnibepnhekbe arestyce of MgiapRtoPNeEs: 21, wherein the

measur ed netrinyl eXPLERHHAN RhAHE 1nSitd RGO b il Bk b irchument

particularly neasSured by a quantitative real time Feverse PCR method.
23. Thelhetfopd patizat i fgr o vitkaisetectihg patic®d, whiheespomd tthe spegifie swiieancer

| evel of 30 netrin:1 ich is nmeasured is the_neasuring of the
netrin-1 pfSBM %}E&gmﬁmﬁf@% ef{?ﬁﬁvmﬁs fod using specific

anti bodi es abl G{a}&tﬁﬂﬁgiafphﬁahlMmbesi@ge@io@%aia%.ieﬁte@ga_reh@aad protein. 54
24. The nethod according to claims 17°to 23, wherein the prinary
tunor is a pri rhymeasuring ofthe petgmr capressidrelevd dn saidbirpSe gr oup
consistin f breast. cancey . .colorecta ncer

neur obl as ?xgﬁg,eméﬁer Stﬁﬁfen%ﬂ{%d: NIl lerﬁef(%%ﬁl&tal,s t%ljéérﬁ(}gdnam% %er?(r)e rarlwsae, of the
ovar i agy adgnaes£thd ein- Il XpRksiatliend eedagirediimsaiddigisgaki C

adenocar ci noma, uterus ) ) .
wherein the selected patients who respond to a specific anti-cancer treatment are patients
" where the amount of the netrin-1 expression level measured in their bicpsy has been
decreased after said specific treatment.
21. A method according to claim 20, wherein said cancer induced an
25  overexpression of netrin-1 and/or is a metastatic or an aggressive cancer.

22.  The method according to claims 17 to 21, wherein the measured netrin-1
expression product is the RNA encoding netrin-1, particularly measured by a quantitative
real time reverse PCR method.

23. The method according to claims 17 to 21, wherein the expression level of

30 netrin-1 which is measured is the measuring of the netrin-1 protein level, particularly by a

method using specific antibodies able to specifically recognize said netrin-1 protein.



5 adenocar ci nona, stonac adenocarci noma, ki dney adenocarci noma and

rectal adenocarci nona. 25. Kit for the selection of a conmpound
for the prevention or the treatnent of 54ancer, wherein said kit
conpri ses: a netrin-1 receptor protein, or a fragnent

thereof able to specifically interact with 10 the netrin-1 protein to

form a bi ndi ng Jaai r ,ThenedtesPRIcyrdingCo rdMinany tpre} ®héreinane primary tumor is a
netrin-1 protein, or a fragnent thereof able to specifically interact
with sai d peRgy famercefeh sanceyelseter dram thegraupacarsising of bigast cansere pRlPIEHIAY

reconbi nan an@err,oﬁxgé t@%né;exi, neurgg’last%ﬁin%,f glg{na} DeeSHLA6H! laﬁceﬁ\ia, gzgt?(?ﬁq? Qbkdhobf!

t he prevention’ or reat men cancer, erein sard
conpri ses:ovhfan t adenoakcin®hd, s rasal cddemocprogmsmangiandreatit adamparcinomad uterus
whi ch express or . overexpress netrin-|, arH cularly cells from
t unor al® c PRI, ofSIGEAg  2dWOEAEIBY  oiiIPHE Gﬁ%’ﬁﬁ”‘&‘ﬂ?fg? st¥flg Betal
4T1 cells,, i 4s, T47D cells, SKBR7 cells, IMR32 cells, 0L26
cells and 11358 cells; and, optionally, - netrin-1 protein,
or a fragnment tXeredit fiylthe sadectipr of kicompbynd for dreaprevenfioth os tiedreatment of
netrin20 1 receﬁ[‘ or. Qrgiﬂey nto forma binding pair, preferably a
r econbi nar®FEt YIRS SPF STEPRHPTSS: 27 A conpound sel ected fromthe
group consi sting @rin-1 PP Prodin, Sk la&Fdep@n Y edebfabltopetififallo liftbrast with
to 15; a conpound conprising an extracellul ar donmai n of
netrint0l rteengitinrd mseteinste formma bindiag paF, Peastrably seeembivpntinsieim andnhi bi t
the interaction . I N- i L ; :
and/or able to 'innﬁ—ftn\f),\fg %{%@%&Q%ﬁn%ﬁ %%qgﬁl%&gf&?&n%?%a%e?%ﬁ&ggggg:ﬂgtm
netrin-1 regeghidproiein ta fdripgbivdihg pais padérala rdcombinant prottine
intracel lular domain of said netrin-1 receptor; and . -.a
monocl onal or P&t ycKdhiar thesslessiay OBPr"@E‘P%‘HPds%éét?efﬁ’rE‘éﬂnPW 9 e feptment of
netrin-1 Ot{an%,t\f/ljné?éinkai?ﬁﬁ%&%@ﬁscs:pfarti cularly directed to the

a

extracel lular domain of said netrin-1 receptor or to the netrin-1
fragmetrft abl e t-cuinotadiceldt which lexpiess msttin-dcedepior and sduehi axprshs emPgrexpress

netrin-1 30 receptar S di canent.. . A n

accor di ng 6% ’ag?@?%‘?%(/ﬁg?%?'ﬁms g‘inborﬁlxﬁngggﬁ”l WF%Fa%g'o ﬁ%fcge%g?r 8}riile?'re i AP
receptor Odonﬁi_éﬁ%miﬂﬁ'rlt &6 COALS B o8R! 4B dells] SRBRITEDS, IMR3Q{celEOGL26 cells
UNC5I -1 (particularly UNCoHL, UNC5H2 and UNC5H3), neogenin and the

adenosi ne mg@I358 cells; aﬂ@@Ptiwai:l{z&rrpound according to claim27 or 28,
I T
or DCQbFbhnreceptor protein to form a binding pair, preferably a recombinant netrin-1 protein.
27. A compound selected from the group consisting of:
- a compound selected by‘ihe method of claims 1 to 15;
- a compound comprising an extracellular domain of netrin-1 receptor or fragment
thereof able to specifically inhibit the interaction between the netrin-1 and said netrin-1
25  receptor, and/or able to inhibit the dimerization or multimerization of said netrin-1 receptor,
or a fragment thereof, particularly the intracéllular domain of said netrin-1 receptor; and
- a monoclonal or polyclonal antibody directed specifically against netrin-1 or
netrin-1 receptor, particularly directed to the extracellular domain of said netrin-1 receptor
or to the netrin-1 fragment able to interact with the extracellular domain of said netrin-1
30  receptor,

as a medicament.



30. Method of treatnent for inducing the apoptosis or the cell death
of tunor cells which have acquired the sel ective advantage to escape
netrin- 1 dependence receptors induced sgpoptosis, preferably by

el evated netrin-1 level, in a patient conprising 10 adm nistering a
conmpound able to inhibit this selective advantage in a tunor cell in
said patient i eed, t her eof M%h - 20
for the treatne ofA C%fﬁeound accordmgttlgtjac}]l corrp(&gmfei:H Szwg)r{rltpzac:a‘ﬁtﬁgelirdi I%f
conpound ag&mAhdi Rgeptér 6f a}a;gmeaﬁ tﬁeeeozsslgalestaﬁ d(’rqﬁﬂtﬂhergromp"l oﬁem@c UNCSH
t hereof. 1532, Use of a g&ound accordi to clains, 27 to or the
manuf act ur @aéfc‘ﬂéﬂﬁ%% %ﬁgmeP%??‘%?“dtth"ea@%%‘i
cancer in mamrg i

rding ¢ FN&rMed NQdeRr Eeh@é&ﬁ) d
according to cI a| m ﬁ Hﬂié)ggd n%;lg(? ac eroi f%gnl n tkrlat sai 8 élancer i sogn

met ast af i ccamiprizingagg eetseidac domain . of netrin-1 3dcepbngs rfesinh QUG r preferablys said
according to cl ai to_ 32, cterized in that 20said cancer

sel ect ed f?%?ﬁ%ﬁ%"é?@%&@ﬁ%gﬁ‘%&?ﬁr&%f breast cancer, col orect al
cancer, |ung caficer MARM ePlBameRetor g{du@iﬁgyth@@ébﬁhs@kﬁ'tﬂé €kll death of tumor
adenocarC|nona renal adenocar ci nona adenocar ci homa, Stonac

adenocar ci mlﬂa‘{hlddmvg eequited dhrasele28 B5adrRRIagRIPSEPO petgine deppendeBecoieeRPERYS

to cl 29 h d t
L oume P, B BB 30, SRebf o PIAEY bUBRIn it
level pf n&hﬁlhiateihngewbﬂ@smWams t(ﬁuﬂiﬂﬁtkﬁfs delttiteamivastegd infd mator oell af said

metastatic or an aggressive cancer in a patient. 37. Use
accor di ng Ppasicaligin creghherei n sai d netastatic or aggr essi ve cancer
I's 30 selected {y omylag, g f&ecg%ﬁ&)}m& & R GRImERE Rance OhOf BEAGE
cancer, lung cancer, neuro ioma, acute myeloid | euken a,

sarcoma, nNEdnagding, adﬂma'stbxa'mg a bémpelmd (aomahngmndaxm A4l tad8imead patieotia need -
pancreatic den car ci noma, ut erus adenocar ci noma, Sstonac :
adenocar ci kldney adenocar ci nona and rectal adenocarcirtona.

15 32. Use of a compound according to claims 27 to 29 for the manufacture of a
medicament for the prevention or the treatment of cancer in mammals, including man.
33.  The method or the use according to claim 31 or 32, characterized in that said
cancer is a metastatic or an aggressive cancer.
34.  The method or the use according to claims 30 to 32, characterized in that
20 said cancer selected from the group consisting of breast cancer, colorectal cancer, lung
cancer, neuroblastoma, glioma, acute myeloid leukemia, sarcoma, melanoma, ovarian
adenocarcinoma, renal adenocarcinoma  pancreatic  adenocarcinoma,  uterus
adenocarcinoma, stomac adenocarcinoma, kidney adenocarcinoma and rectal
adenocarcinoma.
25 35.  The method or the use according to claims 29 to 34, characterized in that the
primary tumor cells of said cancer express or overexpress netrin-1.
36.  Use of the level of netrin-1 expression as a marker for the identification of a
metastatic or an aggressive cancer in a patient.
37.  Use according to claim 36, wherein said metastatic or aggressive cancer is
30 selected from the group conmsisting of breast cancer, colorectal cancer, lung cancer,

neuroblastoma, glioma, acute .myeloid leukemia, sarcoma, melanoma, ovarian



56

adenocarcinoma, renal  adenocarcinoma  pancreatic  adenocarcinoma,  uterus
adenocarcinoma, stomac adenocarcinoma, kidney adenocarcinoma and rectal

adenocarcinoma.



