WD 2011/ 070045PCT/ EP2010/ 069120 MONOCLONAL ANTI BODI ES AGAI NST THE RGM A
PROTEI N FOR USE IN THE TREATMENT OF RETI NAL NERVE FlI BER LAYER DEGENERATI ON
5 FI ELD GFoTbi/d70MENTI ON The present application gesmrebioscREM A

bi ndi ng proteins, particularly nonoclonal antibodies, and in particular CDR
grafted, humani zed versions thereof, which have the ability to bind to RGM
A and prevent binding of RGVM proteins to RGM A receptor and other RGM A

bi ndi n [ n |y i for use
i he N S A O Iy s el
as net HOMAE TREATMENGUOF RITINAL NERVEVFIBER ¢ AYFRIDIEGENERATHONMI agai nst
RNFL degenerati on. BACKGROUND OF THE | NVENTI ON Axonal regeneration after
injury, inflamatory attacks, or neurodegenerative di seases 15 within the

mamial | R BHENRYVENI9)st em (CNS) i s al nost al ways i npossi bl e; t he
t ) . | most al i
Pibore it raRG At DPLAIANSAEL 1A A BRI @ak il mBhociolf ARCVE

| ocal i zadbodicd, hed m gart@ar CIOR rEeattedphurhingzddesirdonsatherdafysdgéchshatve thondbiilith
activel revent the re-growth, an s the r neration of the injured
fi ber b 5EE0 Romi A H%‘ipfﬁggﬁ\%é%‘{l%#%ﬁt%&gp@ﬁé?s el A e iop apd P ROM

ol i goden gkt HidtciANshd Hrckd?s haRtRllizS AR Rkl ITR GMSA, HELEVIAMe treatment

non- perm ssive structures for axonal growh in the early phase of an

i nj10r y ofsgtirwbngriva diber loysriR&Ghe deginerapior aandllne oreithods gf thetdpentidaillgiori on i n
vitro as |1 .as,in vivo, thereby.r i in direct inhibition of axon
o owethoM st Rl Bralod Smire R REF) Pt ron cns yel | n-and sear
ti ssue have been identified (Monnier et al., Nature 25419: 392-395, 2002;

Schwab et al., Arch. Neurol. 62: 1561-8, 2005a; Schwab et al. Eur. J.
Neur os BACKGROEAND OF THHONENKENIAON et al . J. Cell Biol.173: 47-58, 2006;

for reviews ; - Phi . » i Sci .
361: 1513- 2f’%glﬁb%gg'%%’gﬁ‘fﬂteglné?ry’aﬁhl‘"%ﬁﬂ% R?Crlﬁsﬁﬁenéﬁg%ﬁeg%g"ﬁ? dgﬁ‘%ﬂ,
2003) . R picoheinhaliad ecntifat figgolsalystdmaCNR iagenosr allvegd @ipossibRSthen humans
dying frombrain trauma_or ischemc insult, (Schwab et al., Arch. Neurol.
62: 3013erns depgertsOn the Balapes hepvecadhe Hiaepiarbiliyqfshe asryelbern i he LN t h

spi nal ddonj S | i I - - 5 b;
it o e oy 2Pl e oo R iyl g ONSHRLRREin e InichRfireifent 88 7
Phi | os.thdteatos.or RamSgecsitel whath aBtiBilp prev&atithe B6drowilh bad Aays tRO@GEencYammsifi t a et
al . CurF. . Opin.. Neurobiol. 17: 29-34, 2007). In addition, first data using
clinicd egﬁ%@ggertfarcﬁn Mul tiple sclerosis patients and heal thy persons

suggested t unan A .S -reqgul ated i.n, cerebrospi nal fl wi,d of
o o4 PR TR D AN e RIS R b i EPEGRI AR ROk, bbb

r egener|adiomi s @ aritht ApsPRIEakt min- i maRivREM Aup st dkblal pedwidlip Al cadigt | body,
the anti bodi es were adm nistered in a noderate-to-severe nodel of spinal
cord 5inkpea §f anipisre bypareng gpel gomsrralipie and acyitcgaowhdrbHiontiR g | evel
9/ 10 t i | ogi.cal ' i e h. a

esi on 2l AARYRR Pyetb el B AREERhofI IR0 PR L ANCRCRS plcdhe IHESLD,

The RGWhifibitoryectbfsion (W yoletinahd s itibmdyhage e idatdicd yMonaicp utngd., Marurt wo
weeks induced | ong-di stance regeneratio f injured nerve fibers (Hata et
25" 5 B E a8 ol b s o 08 Rurol imaiadbt OONE Sk b Bt xtanded
past € D524, 0n: $54278M0SIEHGGEY. ELPBI 17 99LNSE 06, LPfeyiBIEcbhan 10 mm
beyond the |'esion, whereas no regenerating fibers were found distal to the

| esi on Mnelbont 2lglPhans.iThansy &t Seatledd.ahBival &i. 30hel $13n29,i2006] Y amehiteclalof t he
anti - Atreated ra v I goifi |y i.nproved in conparison wih

cont r ol PRBay PRl 8! stnay KA Pl VS Prreteil MRBURR G FhaP Rav A
i's a pafiein e UOBSTRIAblANtrd@hi b REfPic AR ASKRNVARER! £, UAND Rt P62
stinmulating recovery in indications characterized by axon danmage or nerve

fiBer ildodrd 20Ppd)anedarcaup-regylatadedt lespRingiites magts with Ganad 0ot inkyp(Swheab gt .
Brain Res, 1 . 14- 86, 7 ddi tion tral i, skh rotein
i i o SR T it ot ABRSE Pt Bty et PRI RSO PLE G
of damagedvingiteret li,Feiss.i MakNR. S@d. Mahl.yB BRj.WBcedol at 313b09, 200bavigaskhithei r
synapse formation thereby enabling the reformatjon 20or restoration damaged
neur ondlt ak iGueniQrén. (Nepsrhioket 7:249-36r2007). ke addifa dirst detagesinppgipjcal samples The rgm
gene fam |y enconpasses three different genes, two of them rgma and b,
are expressed in the mammalian CNS originating RGM A and RGM B prot ei ns,
whereas the third nmenber, rgmc, is expressed in the periphery (Mieller et
al., Philos. Trans. R Soc. Lond. B Biol. Sci. 361: 1513-29, 2006), where
RGM C plays an inportant role in iron




25 netabolism In vitro, RGM A inhibits neurite outgrowh by binding to

Neogeni n, which has been identified as an RGM receptor (Rajagopal an et al.
Nat Cel | BD@b11/076{48), 756-62,2004). Neogenin had first lpeerErd@sositbed as a
netrin-binding protein (Keino-Masu et al. Cell, 87(2): 175-85,1996). This
is an inportant finding because bi ndi ng of Netrin-1 to Neogenln or toits

cl osel yTemB M{ltéﬁleﬁélé@atsaatlm&a%maétbé@eismwgs@%k thpt huprndk G MhAdLS BRren
r epor t Ei‘él\%ﬁl&e& i éEfé:t%ﬁn@aQ FREDEF naki gﬁ? sﬁf‘%?ﬂ &L&é ﬁﬁ sH6@w h (Braisted et

uroscl . 20: '5792-801,2000 erefore rel eases the

RGM rredl at edr o&vaWatt the Rdd3hérbGoh-PonfARB gbf&tl&ﬁff%m@l\/ﬁ&-spéd‘ﬂc péiSciogarite
growt h-stimulating Iigand Netrin. Based on these observations, neutralizing
RGM A cahbody, desantibadicowbes adopeisicord ing m@d@tfartam-zcmge Nedej e spinglreordhdel s of
MD 11/ 070045PCT/ EP2010/ O 20- . hunman ;s I cor Y el si des .bi ndi ng

on AL BB gy R0 R RBA Bttt i iR RERE ki ng o
RGM A orhchhi§olo i&@l bantndiidhphagRAehitGuet Olction SRVt 211 a@@ala&qﬁ%m@pﬂb&s
represent another obstacle to successful neuroregeneration and functional
r ecoverdf thagastigaspingt tragt. ThepiiMod — spegifis polrclogakantibpdyigiven Bically vieggumpe 1 :
1513-2 )0 a S
pr|nC|§nTﬁ§ g§ﬂ$§%a§‘Bngfgﬁgﬁ ?e%?@ﬁ&ﬂ??ghJ@%&F@ﬁéé&%ﬁéh@ l‘ﬁq%%é t he
optic dhohé73?ﬁ@5&xmmé)mnthln t he RNFL are not nyelinated unt|I they pass
through the lam na cribrosa of the eye. This structural characteristic of
t hdORNFL naKéendredsan neiedibetsi exsanded paseﬂarhesn@n n@mddbfg@ﬂgmﬁlbm processes

within the CN ecause RNEL thickness.reflects the ¢ trlbq; on of axons

Wi t houtre%%]t%an% @F ‘%%ﬁ%&ﬁ di‘?%lbe%‘? t@? Lesigp, %rlei"%nod‘ée&%eé?t 5 IR Shman et

i' . g\rfg{gn(} ﬁi@ﬂ\% %' the fb@(oh%m g&fﬁro'i a?tﬁ }eatfeataﬁnm@lk ?H‘%egﬂuﬁét[cﬁiaﬂr%bv Fﬁf theFrisn,
an , reporte or irs ime o inning o in

patie ntaéltl\gﬁk@M MIeﬁieé E@S Slap élrgaéicgnf(lwpremd greomparigigwith 9<I?ntr0lvdlltlb0d/9(r ch.

Thor o0 Ratcc S e AL tiercd oGS e RO K 8 BoRens DT RRGAlfgOn) ¥ 2011

| 096 aliohibitéy HlhA \%lmte WeRt for @nmatamg Irecbkaerglm ﬁﬁﬁcambnglchaeacwmtzea bt ax@bout
10-20 m over 60 years (Kanano nolo%wpa 217 273- 278,

2003) . d@m@g? af 9@%%%‘ 1§Juah6ﬂ%ta ?salcyofo€el()§tql elﬂt3s4h5t8h2% B¢l dp@r i enced
acute edy s wthin a
period 0 gﬁ?&vgg%tgogﬁgﬁ%gﬁﬁﬁﬂqg %@%ﬁ#ﬁgg QE@?§#¥$%#%%%%ﬁE%#§®Ory event.

It is ddl@@:urg&prﬂyﬂ&mhlhhﬂbodlyhtmmﬂanqi ndt omt}erega‘dﬁtthaﬁbahagﬁdmef\@\fdjerm thbout 75 m
causes a.decay of visual functja Costel | o, e n

G65° GeaPITna) e BUT TR b PhEp o nakeEDY b HE T bosaic

Mgl i NG LML @i&@eh%@uﬂoﬁal@&ﬁﬁ@é@yo&&eﬂ\@ Bhes RBJ. @334v83-86!2963) ed by
Frohman et al., who al so describe optical coherence tonography (OTC) as a
reprodu0|bIéﬂwnngﬁgeﬁﬂcmm@quemaﬁkbﬂnﬁghﬂbagug@anMQC6ﬂkﬁwﬁgmuhnwﬂness

Froh I b Fr.oh | P
Neur of ay oy inBE ribpaisgays SEMERELA b ofGp P Rgi v o o

obser vedird aichiber, /o8 ¢ JWxpresdd iR lﬂlﬁ@ﬁ@i@ﬁe@;mﬁkll@ﬂ &RASLHIldsl KRinsdRaRL 1 C
retinopat hy, i schem ¢ ogtlc neur opat hy, chr onosone | i nked retinoschisis,

drug- i Hevided Boglt $&. Hdud biat2ﬂy2oq6étwh@a¢ R@M Crpiwn igpertped|raledd iivacul a
ner S t eye
dl%eaSéﬁ%H&ﬂg?hC Q%kzggﬁ§§‘%@ﬁ% 838{8?@ nan ]& ?ﬂ%%dﬁgﬂ%@gbg%?%ﬂﬁs Y
degenertath aientificd asonwGM ecesst (\lejagopelam eﬂaldNﬁzt(E‘éprMl &8Y, 0] 2064).
di sorders wt ptuﬁpneuropathy, p. . Friedreich' s ataxia, Alzh
t

di seaseYeageng hegg”lﬂﬁ %d%ﬁ%ffdr%@rﬁetr(nwb}nfh%rmeﬁbmn%wﬁ% @TaaéeCelzﬁgaﬂr. on

di seas i f al .
ain. eE1x78e§?°r%3%§)% 011 ghfgpcrg Eéﬁﬁigﬁﬁgﬁ%%?%'ﬁpéﬁﬁﬁ &516{(\)% 8552 50
- 99 . Mboselysre Ritldert capltor [Mﬁﬂdd@etﬁgt uﬁﬁﬂﬁrect@DcanB@@ hedbecKatpogtel ae btirkulat

eri ksen J Neur o1, .2 41-849; Tri | J.

e oD oog e TR TGS N SaEro S bt S Nonposc 2D b S0y Yobghi ol ol

214 -Blaaghg RENG et féhe REIBSLCS ﬂletft@Maﬁﬁedfafea gRow e RBRIhIL capRiach
allowing the direct treatnent of 5 RNFL degeneration. The problemto be
sol ved Mgpgehia t@ba@emtneunw@rowﬁnstm@atmma@ﬂé‘ieérm thnsgd o thdec elsanstiand, owi ng
the direc ea partic neur opr ot reat.me FL
degenerBilBiP L kOB & ratbel Rl itfp B sMEtP ¥ G5 LkE B BHAT st Sy
OF THE | NVENTI ON 10An enbodi nent of the |nvent|on relates to
neuroprotective treatnent of RNFL

2



degeneration as observed in a multiplicity of disease conditions using

anti bodi es capabl e of bindi ng RGM A Anot her enbodi nent relates to

t he use ovoaonmemksonal anti body that bl ocks RGM A and prexepdis/ obd1e0
interaction between RGM A and its receptor and/or binding proteins, i.e. 15
Neogenin and BWP-2, BWMP-4, for the treatnent of RNFL degeneratian.

Anot herhugiBsaInskerrd igusy. Besifesbinding pERGM G RNFTozawgend ifUCHS, neuBitpr i si ng

t he st shen I anount
of 2 o B O R B R R R B B
DESCRI RRHGVIEX chiiked ﬂép@slﬁESnotEblgmhsac]bAo shanessftlhreurovegeobanah axhfunboatiads
bindin to h LI ay. FjLgure epict e nocl I

ant i bodf %Vem%%f ’Ftoa %Z%rés‘g%di?’i‘f}%& 2@% éér ]sﬂg_fgc 288@& gure 1C
depi.ct the n antl bod| S bi rat RGM in HEK 293
250811 5. i GUPaOS S Rl MR <Pl Akl ARG R PRER I ek Ors 5P
i nhi bi tfforhighstilida cefl nfewohs thaberipost ﬂt&d}iﬂ@n@ﬁbehm)&bn% wﬂﬁpg@mmm afcl@ur e 3

depicts the full |Iength RGM A bhinding to BVMP-4. MAB 5F9 i nhi bits binding of
f ccouplrByelmgted unihihen paRdiviongh thedwria cribrosa gbthe cye Bpstaictmal Fi gure 4

o0 L TRLACOMEIS, R0 iy Ry A R i, of

2011/ 0Aitkb BETCRE 204060 BNF2 Othfekgens eef’ﬁec&hh%orftﬁblhtldnejfglkbnmﬂld\lt Pporediiglg to

BI\/P—2 MAB 5F9 i nhi |ts .bi ndi ng .of fccoupled full Afr rrent
428yckugl Bﬁﬁtgo myglin @eggn?@ﬂan ﬁFdﬁlb‘i“F‘l%?‘iagm gh. %ﬁe&: &R?wa}ﬁaéo owi ng

mAb5F9 (ggyta[sglplgl%llglj of RGM A fragnent in NTera cell neurite outgrowth

assay. MAB 5F9 heutralizes the outgrowth 5 inhibitory activity of an

f c- conj ugat egiseRat. and HoRGW A t@bn@a foRfthd fu@gﬁﬁetofunmﬁﬁglbfkmwlﬁ%ﬁb@says
with human Ntera aggre at es. Control culture, growih of Ntera neurons on

| ami ni vitiBMudfgple Skigrast (MSHFQQWW, L @zywém'l Wab., Argls @)ptisabmet O3t ¥1-9Z. 1974E. on a

| am ni n- hRGM A fragment (47 - 168) substrate in_the sence of
0. 1i Li o/ mi v hE ey idusiv. e RiNieisspd thov) 114 dp0ing sk Bresq e§15 10

Fi gur e y%aﬁ@ﬁ&@n&sbﬁo%@ﬂ{dwlﬁﬁdlét/ {1103 ¥5dus OQ)f17W?%13ye%r RS aYal e WhMﬁ‘B SF9

neutral’i zes dose- dependent e outgrowh inhibitory activity o
f c- conjaqgatteth, aboot mzonmwa t0nteatsi(Kenarhoraghet ol ( @pletbateviogica 2A47: 273}68) in

quant | L7 SUST, GRTE i apd B ot P SRLETS R rardiedistrs T Rorle

repul siQyritit (KOKS §|hJ=?;Ved51t0r tbl%%m@ R SthidkdeRflodsUlikhih 8 pekibd BP&E abisav13A6 of
human SH- SY5Y neuronal cells in stripe nenbrane carpets. he absence of

MAB 5Fangmhs tedloving the iptridlgeriaemefory @WnM&BS@dmaemrte@itth@ﬁbmmgS‘fﬂm Gk ons

t A st b
CordentERET s Ch! R0 AR e BVt Teow (Rt SR e et fon
(10i Li ggomp3-(8p, 2086 S\fﬁ\f)of@uamﬁnﬁ bﬁt/MeiRNIFE Mgh@pﬁﬁ@ie&ff(iﬁbcfeﬁﬁgt he 20 RGM A

stripes in conparison with the Collagen | stripes. Figure 9 sunmarizes the
quant i tHEBIOPEOtEFIOMYIE respmscHpBES Elwgapa?ﬁdva@mggﬁsmhy&relwwa@ttaés npiakse.  MABs 5F9

BP- 4 1 p e e cBerk B phy (GPOTRL Propfiihinte imdBME SR ol
neut r almeasm@n&ntsl of IRNFIE OicknBSNIFAS tsnamhee by sep ubsiey endaEtohytiah yt aif Natun@ni zed

as éy ?ﬂ?%ﬁicé ggélng%{é H??ﬁ‘é%%%pg}ggén;paﬁ?vgta@\\/{i fgeg?t ?)(;ICZI 5F9
VAB 5F0 hZEt 2R al R R s BlniPat Sel PR R0 iR i amaged
optic rtﬂ§eﬁ§%s@?k@%abdﬁlc&eﬂi paﬁhg' I¥Bhenfio @Btic ﬁéur thy )O@lﬁl‘éﬁlo%ﬂdé anédn t he 5F9
treated aninmals (A, 43 positive fibers are extendi ng 30 beyond

the cr G@%n@pllﬂélsi gomduca pptioIqURRPagyhtTtisel dyBopiDL agByslatephingRuldoes not bi nd
to rat thIl %%rcﬁ eag’gs dﬁal%@%ng&gﬁg 81?‘[1011?61'\786 E&ﬁ‘ﬁr&s@g e@%%nsleﬁeat ive analysis

of |ocal ion in
30 characterlzed by genetic determinants of photoreceptor degeneration, autosomal recessive

cone-rod dystrophy, mitochondrial disorders with optic neuropathy, i.p. Friedreich’s ataxia,
Alzheimer’s disease, mild cognitive impairment (MCI) Parkinsons’s disease, and Prion

disease, 1.p. Creutzfeld-Jakob, Scrapie, BSE (see also Sakata LM, et al. Clin. Experiment



ani mal nodel of optic nerve injury. (A 5F9 but not the control MAB 8D1
significantly increased the nunber of regenerating GAP-43 positive fibers.
Si gni fi camol2g1mmo@sfi bers (p < 0.05) were observed in arcraipsotneated wth
5F9 at di stances 200 |am 400 I am and 600 | am and at 1200 lamfibers are
only found in 5F9-treated animals but not in cantrol aninals fBg 5F9

si gni f i Galtiehmpli290P e¥ls 80 PRe Moaps RYV goali Ppiparchy @Q0%t80; he- 18Pt K allonbrahel esi on
site in [ i h r [ [Xe, contro
B Th R R g B TP BB B o e
usi ng t2e28d28¥i Samn Act bhWdne. Ogéiags)l. 4Fi ¥ €23@. shows the in vivo

neur oregenerative activity of system c 5F9 application in an ani mal nodel
of optic nerherdinjameyd inthe aelfer avbcepeutcsapetbagh ehosing the digesy troatasdt efay 21

with 1 [kg and 1 Lk respectivel v. Antibody or vehjcle were given
"t Papaty P AEBRigh it E RS 61 e Bt R8PPSR et e,
I n the h&3dé rrabedloah@iledited) trealfBent, @MRrfE31R @sitobrteedivh et sndheoPRNENi Ng
beyond the crush site in contrast to control animals treated with PBS (B)
The cr ulsBengrationjas obgrrxedin apultiplicityepk dispapqysadiip®ss egener ating fibers are

stained with an antibody to GAP-43. Many fibers are observed at the upper
and lower rimof 15 the optic nerve in 5F9-treated animals but not in PBS

i mal i i 14 B sh th titati | ysi f
2yt on SIS O RIS ENEIONS o) “rodel ' of optic nerve inury. Fioure
L5 jghows theyi 0 ihefRIHAL IakddATeRERY hldtofiorRHSL Rl CAFS) ARPY T cation in

an ani mal no optic nerve 1njury. Animals were treate 5F9 at day
0 and dRgemirittonZisobbdegeRibandultipliony &itdisaass gaditions luying Antibdaldehycapably ehi cl e
wer e givgg iﬂ? peritoneally or intravenously. Conposite inages of rat
optic rdf B%.C%séYination is visualized using an antibody directed agai nst

the nyelin rker el,in basic protein P, us Ltes .a I in the
i al e of 't ot sBR R P iRt Facb i Banqelo R wlitof ik Flor R REEE A
cont r olan@dHrdRh thfinddrektBh.-betwech REGHFR ahd R tREptBNATIAbSIAdin@ PEbtddhs, i BBNY
MBP- posi tive structures are 250bserved in the mddle area (crush center) of

t hd SoptiNeogariniad BMPguBMPHE, 9K 8ikdraatiacry 0h Nk adpgeactipect on renyel i nation
of system c 5F9 appligation in<$n ani ma|] nodel of optic nerve.inLury.
Figure 17 i IMMipdhergmbediniat isjyapingd opireatbgti Vel degcagtatigh. comPrisEigyhSHaP on
RNFL T rdiiBYiGSte@hg to a ma@HalH fecWihdde RN PRl Vn St 8Pa cdndHitd | cant 'y

hi gher density of nerve fiber bundles Is 30observed in retinae of aninals
syst eniwalpryingraptibedicsdaphbls PObinEinglR@MIA. i | | ustrates the infl uence of

anti body 5F9 on intraretinal neurons fromeyes of aninmals with optic nerve
crush. A significantly higher nunber of sprouting intraretinal neurons is
observed in retinae of animals systemcally treated with the 5F9 anti body.
Fi ¢dre Wm BIGURES: fiber Iayer (RNFL), which is the

| ayer Cirig@fet 1A SM@&@monbaohél%nﬁb&ﬁ@s%ﬁdiagk@hRGM sin F9NTgRAs DY, the axons of
retinal ganglion cells. The other layers are the inner plexiformlayer

(1 PL), mberelB Bepi@nBe fonsciand aRiiRli@&rbindrs SR GRr MesyRaRtiif HEXRGEtSs Wi th
the retinal ganglion cells. Photoreceptors, horizontal neurons and bipol ar
5 neur ¢¥Y88.-nakes synapses in the outer plexiformlayer (OPL). Photoreceptors
(rods and cones) are located in the photoreceptor layer (PRL). RPE is the

r et i nal Figien derigh thegonaetpal erebedisssbipdiggfariag R AcgxpagssedindhEKREdr ol . 65,
26535, 2008). DTAI LED DESCRI PTI ON OF THE I NVENTION 101. Definition of

Ter s Unl ess otherw se defined herein, scientific and technica

terns Usgglrd ﬁsH‘oQWtﬁ&ﬁilpleng‘ﬂﬂm}Mh@b{?ﬂ’dﬁi"gecﬂtl\ldog;&’rﬁﬂ.tMWB Sihainhitid behdit}eo fmeani ngs
that are comonly understood by those of ordinary skill in the art. The
meani nguliengts dpeowrled MRGMeArte Neheenie- be cl ear, however, in the event of

5o ct 1R B e B GRS, QR BHL P AMEA AR BB SR B S0

nition. ess ot herw se Tequired by

cont extcouplet Gl RhgthetRGMSA d@lapmiencl4ad42 plte/BMBR-4i es and plural terms shal
include the singular. In this application, the use o nmeans_"and/ or"

f "or"
uniP8ss Hgwredidanice RGN & fragper Orteding ta RMPdMAB Tfeinhibitsbinding ofdeng”, as
well a i "4and "included", is not [imting.
Al so, ?gghggéﬁgﬁhggﬁﬁéﬁéﬁen zlg?fﬁﬂgﬁgé%ent" enconpass both el enents and
conponents 20 conprising one unit and el enents and conmponents that conprise
nore than one subunit unless specifically stated ot herw se.
General |y, nonmenclatures used in connection with, and techni ques of, cel
and tissue culture, nolecular biology4 inmmunology, mcrobiology, genetics
and protein and nucleic acid chem stry and hybri di zati on descri bed herein
are those well known and commonly used




25 in the art. The nethods and techni ques of the present invention are
general ly perfornmed according to conventional nethods well known in the art
and as desorhbadoiss vari ous general and nore specific retCemrpaescitbat are
cited and di scussed throughout the present specification unless otherw se

i ndi cated. Enzymatjc reactions and purification techniques arejferforned

accor diliguxe f’Pé?ﬁNﬂf&Etl%gg’ng%ﬁe@mﬁP%éﬂ ByHs2. M&W?Wséé@w .féhed. in the
art or &58%9%§&5%1tﬁqg{m&glﬁg§m§ﬁg4?gc _q(l) ahyses used in connection wth,

and the laboratory procedure iques of, analytical chemstry,
synt hetliguer @ani @ndtietios tof ymicraphbtoedpld shalvirnd ADBE? neagslitzatéal ofdi@Ni At ry

descri bed herein.are fhose well known a o] nly used in the WO
2011/ o%@&?ﬁtﬁ@ﬁ%@f@ d@gﬁwwpwﬂse%mi?éﬁt@omw alggsg}eeo%%feml% or cheni cal
syn&hesgsibit iCRY o BRIV BfrgaRRBBsITBR SRIGM A Agmn%gﬁta%ﬂn@& infhefiilogd@n, and

delivery, and tredtnent of patients. use roughout this
speci f iassays ovithadngnanietceamggnagetts cA aCongrol chigurt.adrbwth eigN teesr memirdrawe lahain,

fol |l ow ani.n he.terns /.ac or" and."acceptor.anti y.' refer to
the ancrigdy BB hEEeRATEER) Shortiits o ERabuT R Asast 50 o6
at | easttag@Ren¥47at 1696bstA& Hoth@preb@Rs bf 83 [ HmPUMARSEY (OF Yh©ml MAB%FOf t he
am no acid sequences of one or nore of the franmework regions. In sone
enbodi rfEhk 40 gHel M&BwF%ddept or" refers to the antibody amino acid or

nucl ei c_.aci d sequenpce providing ar encoding the constant region(s). In yet
AndPherFIEREHIRIINS RS RPTEY St e D2 PSegveticsulisoMMg SERDFHEEYani no aci d
or nucl giC 4aGnderst Vi el Qkti In"e-8R akciig f ramewor k
regi onsﬁgﬁgéﬁéﬁgec‘éﬁgggﬁ%ﬁ%i on%is?%y :étrlﬁg%s%él%fcigcﬁggn%g’ I neglrtlt , GEhe term

" acceptiohibitorefrggnsent ¢frzgnantri@nd antl b$ad yrcamtic goovatbi adsays wathdiugian Nterad sequence

t hat provi dets or encodes at least 80 % particularly, at least 85 % at

| east IEEBFEYED 1 east 95 % at |east 98 % or 100 % of the amino acid
sequen f ) : ) : r W th
hi's onButr e AEhsdhe JRlfuRe udy i BEREPRY Y Ry RLBREOREABNES, ¥, LD,
3, 1beastpdlsioatintw@8 by 3tripek cadsistidasi ful DlcagihmanaaiRGVes bdbgsai BHLSYIDES (do)
not occur at one or nore specific positions of a human antibody. An
accept drrurnaheshs ik striag Mmsmbsig @rpche e e gpscsn et MiiB pEY(Shesh thipressace e g. |
derive i i t 3 t - antihody gene,
e Ui AR N S U S SR el
i n 20dehckhapumanteveoed aptindrcdingscoocemmtionsadfl thie BB SBHI (8)to Dhet the highest

"anti bqody", as used ein, oadl fers tq any inmunogl obulin (1g)

ol ecul WhBb s LEaon T BeriL D, SHEY SE Etar oM st ey et Ehdihs and two
| i gt (RGMCARIrRs iPforAhisby AethitRnebllddc-aI B pes. Mut ant, variant, or
derivation thereof, which retains the essential epitope binding features of

an | g muperd sumrdbittes it @nRhtita¥ias hgdysis Of mABsISFatahY 8D Dimtihg Bodyctdrariont s are
known in the art. Non-linmting enbodi nents of which are discussed bel ow. An

ant i bodYABs 558iaad 88 1pes cvelipissi @ WYGMihdinggeenin. @I u} e BMP2tand dREGN bl e of
speci f"CEW‘éBtﬁ@ﬁ%%%ﬁaE@%@e%t Mc%ﬁﬁ‘étfon&.o thereby bind the nolecule to the

ant i body. conjugate”™ refers to a binding protein, such

as an gty hﬁﬂﬁysho%%%&ﬁlzhﬁg alc'ti@l%?@orﬁfk(ﬁ\d%ﬁ%ﬁ@'m&&ﬁms%'actﬁm{féﬁhunﬁﬂ%das a
t herapeutic or cytotoxic agent.” The 30 term "agent"” denotés a chem cal
copourtd? aatihvdieuthé FBL 1 clibdivi 23ahS k&b dpanrd SH-8YBIY athemo taatis asseyr onol ecul e, or
an extract made from piological materials. Particularly the therapeutic or
cyt ot oxiguegginthewisileq ddvo prprorggenciptve lartyityeRf loenl SpRppRicstian tnoag 4nimelxol |
cytoch i . 1 Chdi ol LA 4, -] N&,~ K cin,

et oposi gc,?el? gﬁgbogl{se??e@d\i/iynmc%gﬁfpﬁggﬁo\lﬁll@nwg&gﬁ%el}e%{gg écefr%%ccli Nr?,[& gfg%:or ubi ci n,
daunor ubintilaies @idneet e pranthtufaamagei gne, nermictassaninraomaeanimat modehodioptic

actinonycin D, 1-dehydrotestosterone, glucocorticaoids, procaine,

t et r acd°R¥, Cmfrhdaz:fgﬁer?i?, tr&@*&ﬁ@amﬁ%&]), Y SOty BPHI ¥ be&ﬁéﬂ@&@tﬁ@gm& honol ogs
t h@heOofpeyond the chfif s{t@M‘Eo'h%&t't@%ycoﬁﬂﬁﬁMHBFébla(%B}Jv% {Ih RGEEAD bikRS t%&?t to a

pol ypept 7dle conprising one or nore the antigen binding portions of the

i nvent iRGM Anked to a |inker polypeptide or an 5 i munogl obul i n const ant

domai n._ Li nk | ti ise two. i i d i d j oi ned
by peptTEradAdb e igires o8 ANEE e PRSI AR AL G o ABR AP "8 1 ons.
Such | kRl MeleY BESHticHRSvAnRIrYRIA) SKDBWNndtAhd EfhtdI M/(ﬁ%@l%i%]ﬁﬁca'ﬁ'ﬂ l'iger, P.,

lal) 5
et al. (1993) Proc. Natl. Acad. %CI. USA 90: 6444-6448; Poljak, R J., et
al. (1994) Structure 2: 1121-1123). An i mmunogl obul i n constant donain

refers to a heavy or |ight chain conssant domain. Human



10 1gG heavy chain and |ight chain constant donmain ami no acid sequences are
known in the art and represented in Table 1. TABLE 1: SEQUENCE OF HUMAN | gG
HEAVY CHAVY 20GNSTABIT DOVAI N AND LI GHT CHAI N CONSTANT DOwBirpi&olsabei n
Sequence | dentifier Sequence 123456789012345678901234567890 |1 g gamma- 1
constant region SEQ | D_NO 11 ASTKGPSVFFLAPSSKSTSGGTAALGCLVK

DYFPEPVTS/SHRE . Fregonapiin i B BSarpsitedhsrsagnitcentimmepsfibers (p <

PP O T A A R B VA L PRI AR RN, 600 pm

LPAPI EKTitl SKAXIBQRRECAVATE BS REE AV KIRQV Sla TGLavKEBHY BEDIcAVEWEBNGR mals (B)
ENYKTTPPYLDSDGSFFLYSKLTV! FSCSVIVHEAL HNHYTOKSL SLSPGK 1. gamra 1
const an; D?“Hﬁﬂ%@%‘%@W@“ﬁ%ﬁ@é ﬁEK@%@K%%@%ﬁ&AL
DYF8EP%#@%HMW%&EP&M&%&@H%W&%W B ENMNHEESo
NTKVDKKVEPKSCDKTHT CPPCPAPEAAGG "PSVFLFPPKPKDTLM SRTPEVTCVWVDVS
HEDPEVKFMWWMDGY EXFINAKTRPRESDWN IS RYRY) VEYINTOdb DU NGRE VKGR VISIIK Ao ftware

LPAPI E IS%AKGQPREPQ\/YTLPPSREE MTKNQVSL TCLVKGFYPSDI AVEVESNGQP
ENYKTTE%VI SDGSFFL YSKL TVDKSRW QQGNVFSCSVMVHEALHNHYTQKSLSLSPGK | g Kappa

FPrEARUERBR R Be e A0t 4t RS BT SRR kelyign i on

QCL SSP\AhKNR§seCo T gpticarsbatainfuonsa@intalsregt oratSEQ ifh(3 HYQt Hdy 0 and day 21 with
QDKAAPSVT PPS EE”% KATLVCLI DFYPGAVTVAWKADSSPVKAGVETTTPSKQ
 EESPORK I ey

SNNRYAASEYIkg ergghven intraperitoneally or
2011/ OKQQ%BGISIHEWSQ@ %&?é%s 8f rartrg{/)t%)hérkfesf i fhla%'i@ tf%'ateﬁ 'lhinlﬂﬂéjg )Oﬁlan

ant i gen-bi ndi ng portion thereof e part a larger inmu oadhe5|on
mol ecul @4P-4Bqomitice ipesavadaending beyond MMSltass owiteast @rroofrok dmemalst | body or

anti bo rtio i ne o re other proteins.or peptides | es of
oheh e HebhbliePad Al HEalh sl Niadiif B BR i g e SR R RERe T et on
t o makegAnddel iR BR hhtfood§ iy GIH-8T Wighy( iR Ak dBR¥vedatvhe uer 8hd 1obkP B ofHUMEN
Ant i bodi es and Hybridomas 6: 93- 101) and use of a cysteine residue, a

mar'Rer theppticrershi ﬁ%f@aéqdnﬁnmaalﬁbm%ul@PB&anénqlag to make bival ent and
bi oti nyl ated scFv nol ecul es (Kipriyanoy, et al. (1994) Mot. | pmunol.

31: 104gursskh A ang Figg 4 8% shovsribe Cl‘éad’élFﬁtlé@ aP%lMSI%lﬁEISYISte&BWW faml@ﬁmﬂgl can
be 10 %%Bﬁﬁﬁqngde?ﬂﬂgﬁﬁl&r@&hj&gd' es using conventional techniques, such as

papai n or pepsin tion, respectively, of whole antibodies. Mreover,
ant i bodiigere Endhobwodlye moritd mehmiiﬂgmm‘nibﬁdfmsiwﬁc 689 eppliceSorcaranbmimndt ai ned

UST NG S B e P A A s S A e TG S50 250 b 36T dBP TS merke
20 and 10 mg/kg, respectively. Antibody or vehicle were given intraperitoneally or
intravenously. Composite images of rat optic nerves. Myelination is visualized using an
antibody directed against the myelin marker myelin basic protein MBP. Crush sites ate
located in the middle of the composite nerves and the area is free in vehicle treated control
animals (A and B). In the 5F9 treated animals (C and D), many MBP-positive structures are
25  observed in the middle area (crush center) of the optic nerves.
Figure 16 shows the quantitative effect on remyelination of systemic 5F9 application in an

animal model of optic nerve injury.

Figure 17 illustrates the superior protective effect of antibody SF9 on RNFL from eyes of
animals with optic nerve crush. A significantly higher density of nerve fiber bundles is

30  observed in retinae of animals systemically treated with SF9.
Figure 18 illustrates the influence of antibody 5F9 on intraretinal neurons from eyes of
animals with optic nerve crush. A significantly higher number of sprouting intraretinal

neurons is observed in retinae of animals systemically treated with the SF9 antibody.



The term "antigen-binding portion" or "antigen-binding fragnent” of an
anti body (or 15sinply "anti body portion"” or "antibody fragnent"), as used
her ei n, rwbens/dro04ene or nore fragments of an anti body rohatere@bas2d he
ability to specifically bind to an antigen (e.g., hRGMA). It has been
shown that the antigen-binding function of an antibody can be perfornmed by

f r agmerfigusy 14illpgiratey tap sitmabprry o uesr. lash 6RNE R el sdhbburrireedy Agigcat so be
b P o145l RERL MoyHL WS BECUA oA, PRESH B 1 10
enconpabs Eniemplbjmfarnt llayert(él?m Whmtel the ambdrmdi amg bnmrlarimnfon@ for_ansyaalptnd) ody

i ncl ude ) a Fa fra FE N %P gvalent fragnent onsi st .of the VL, VH,
CL and rety nglipp geils) Shetprrgrripts, Noyzgntal paeny 4 # conpri si ng
tV‘DSFathetlfcﬁ‘lg 'ﬁ?dik%%)}naﬁi‘e@%ﬁﬁéo%teq Sl hH 8 Eléf (o), Photbf'&eﬁ}bﬂg?ods%ﬁﬂ @Bnesfii1) a
Fd fragnent consisting of the V and CHI domains (Y fragnent

conS|sUH@@waﬁdmhéwvmownﬂ£MHfHOﬁBﬂﬁ@JORPEl$ﬂmgﬁﬂwhpﬁn@ﬁtGmﬂ@an(ﬂﬁ©mW (v) a

oubl | ca oA ke 6k MREPERR: PRoS DOt e by roferencey. which |

conprises a single variable domain; and (vi) an isolated conplenentarity

determ ning region (CDR). Furthernore, although the two domains of the Fv

fr agnerDTAWLEDDIESERIBTEONOETHDINMENEI@N at e genes, they can be joi ned,

u5|ng reconbi nant_ net hods, by a synthetic |inker that 30 enables themto be
as—éﬁgﬁﬁﬁﬂéﬁﬂﬁﬂﬂﬁrlchaln in which the VL and VH regions pair to form

mnoval ent o1 sﬁwtﬁéw(s%%me@&r&hn%h&tﬁe%hal (HnicHAEs y S8 Sorbecticd 1 €t

al . (1988) Science 242:423-426; and Huston et al 88) Proc. Natl. Acad.

Sci . USaMIB&Lementﬁaﬁal)nonSh@ihhwen@& meghagsthatre b«ndmeslyamdeat@d blyrthtmaded to

A e B R T
2011/ 0ZQOERRES S HRAGLR LRGERDy, AeBnRbASpRIRIRBE LWk ol &xrahg bival ent,

bi specific antibodies in which VH and VL domains are expressed on a S|ngle
pollypepti¢timarsher oatrinsis dQE@itwgl &durthetk @nleﬁ&mhemsetroqplmddm contexalsingwlar or

(Fj)glm;: Rgt PO %\1/: Sl e u(f H)lurah{j 15s<nd MR t?lg(rgpte ns sh Sshaft 1nclccq'egtlrl]1(e) ]flllér Cﬁﬁythfs%rﬁgfl%a?leoa,t i ng

two antthg@ese cm”ﬂﬂ'l Means I”ﬁrﬁﬂoﬁ LBREs &atgd otHdﬁiJﬂsb JRiithefhore fthe abe of(tAORSh Proc.

Nat|. Acad. Sci. USA 90: 6444-6448; Polja RJ., et al. (1994) Structure

2. 1121inclytne”, sywhll anethsoeympisteh fy lmimlqs apelugsrowm nohlimpiigarAlso,

(Kont er " r-Verl ag.
NEMIYDRE ;égﬂ EH%?%E g§(@2@8%%§5%%§5ﬁg e%gg@%$ﬁ§%§§ég Sﬁ gfernlnant or
e@OtopﬂanMﬁ@udemnamydpmhmpsmmddenmem@mmmmanmqﬁﬁeaanHEmmmes@@mmﬁ|c

bi nding to an i Iobulln or T-cell receptor. In certain enbodinents,
epi t ope'leEt EPaTHA Yétﬁﬂéﬁﬁﬁ@“@henlcally active surface groupings of

mol ecul es suGhcad ggmrﬁm&m% usSHA 2608 GAR! A% cAMATRUBEXLH a8 sk onv
and, in certaln embodi ments, may have specific three mensi onal structural
char acteetinss modsculrntiodogys peminiclogy maicgbiaddgr, genatics sid protciandpidope i s a
region of, an anti d an anti bod In certain enbodi nents,
o Sarei SRy S8y b el TR RN Al RNl i BinGiTy 25ed

Pr @ber aRthddrt h @¢Rds 288 tdchiqhéd @he pRbéd @ty chiioRae QaRdENy Férkirdicg Of
protei ns and/ or macronol ecul es. The term "biolo cal act|V|ty refers

to all acperdingrie cpinentgnal arctinds pealltinesyngn tRGVE Mdes deedribeddn h@rit@ismenerhle term
"canoni _cal i d fer t fines
o Sopar TR auran Eaf R aaiel el B BT Bst byl MRigRhy IR Syl

Mol . Biwlless d@8iwiS0id2Ated( ERB /M 4ticChatibhaatt pLﬁiﬁcatldn teh@thqudgla@é perfotificd 799
(1992), both are |ncorporated herein by reference) Accordlng to Chothia et
al ., criceordne tﬁaraﬁmﬁaﬁalr@fs sprafieghiRgs.gp cprﬁlﬁ}?ﬂb}h%qcaﬁl@il&e Ha e 3y i dent i cal
PeRp! SeRARAANEE AR OARIREPI L Rh A GhE IHoHutry bR Bk Of

am no acl d sequence. Each canonical structure speC| I es y a set of
pept i dendactbaes bf)aﬁalpmcaizshmgﬂrﬁsyﬁmemaongamt |cga:rmsa~y,saexgrm¢tt1cmm aati no aci d
residues formn | oop. The. term "chiperic anti body” refers.to

ant | bodiPaEmYgeRER ?%Wﬁ%g desrEhed Nt arg geee SrlRhovast BIBTPRYi B Yeftiences

from one species and constant regi on sequences from anot her species, such
as anti bodi es having nurine heavy and |ight chain variable regions |inked

to human constant regions. The chinmeric antibody can be produced through
reconbi nant 30nol ecul ar bi ol ogi cal techniques, or nmay be physically

conj ugat ed toget her. The term "CDR" refers to the conplenentarity
determ ning region within antibody vari abl e sequences. There are three CDRs
in each of the variable regions of the heavy chain and the |ight chain,

whi ch are designated CDR1, CDR2 and CDR3, for each of the variable




WO 2011/ 070045PCT/ EP2010/ 069120 regions. The term "CDR set" as used herein
refers to a group of three CDRs that occur in a single variable region
capabl e olohkondizogst he antigen. The exact boundari es of pCrgEPeo1CDRa2have
been defined differently accor di ng to different systems. The system

descri bed by Kabat (Kabat et Sequences of Proteins of | munol O(:,il cal
| nt er estt- SRAAMEHeghnqygs aﬁew%f%fch@i@m wnthssgseehrayien anppiscs Algemicearal( 1991))
not onl d i system applicable to any
ar i bl e e o ol s 1 osi due
boundar| es dfm‘msadmlgrouglmut ﬂnE@eﬁﬂ@sﬂonTEhEiS‘.he GipRaderbglaipes, theffellowedgttanas Kabat

. q@% nd. coworkers (Chothia &.esk, J. M. Biol. 196: 901-917
(1987) Pi%lt BtV ReRCaYNeS: Nat ure 342: 877-883 (1989)) found that certain
subspor ti onsyy g akabadr RS ARt antiBhEAT LRy 'tcﬁﬁ@tahﬁ@ddy%%bl‘é% Rackbone
conformations, despite having great diversity at the |evel am no acid
sequencsequeTlheB@Vm poercoding ahsast 8084i 4 heasedd Us all_lleast 00 Yarid ldag Br%Ht, H2 and
H3 where 0"L nat es t e |light chai t.he heav
chai e Fish DBt |B0GAEHR o SEReSIRNES it oh Pk STR: B PRSP0 Rat R B b
CDRs, wahfeleniadended fistadeiR Sadcbbr a¥fid dRhdwitibodfRalind AR or fAdiaE adl@undar i es
defining CDRs overlapping with the Kabat 15 CDRs have been descri bed by
Padl an SCHERSEBPIPViding grentgding 11939@3nytaaw@gm@o:én|yemr(03hqv1§mb3dmen26126( E)‘m 732- 45
(1986) ), w one
o he 2EShleT s pra LR ARY ok RLULRTSIATAAGE pRMEE Bl
al t hougihetoneyoreraf/thb érasteavorle regtbrerand areg:tohetaﬁtdegmn@ ghh spémﬁc egibediment, or
experi rTFnt al findings that particular residues or ups o reS| dues or
even erlt’f FEMCERESPIE FRSTTS &0 HAVPREARIOPY PRRTIRCICIGRE 1Y C% 5?%16119@ atThe
met hod &en teln| o} rﬁ??g a f se
syste ,rygllggshougﬁb%ggﬁég% ggr%é%bo I nﬁtg{s!egsggségﬁ%&g{%(%éaﬂ?%ﬂ gé(ls %gd
The t erleast €0, gr a0 &dofaht hihowydcid exjecrees of amt drbuaices thﬁrﬁaﬂnemkmeglsre; heavy

ht ch in vari bler on sequences from.one s C|es ich the

2 edfendBactiuiis "o A B bR SRcig: BT OB KRR of 10t ar 8 s aced
wi th CORisBaaHenses o?ft REQUDGIMIASENE GdstRics BHAE Bo &Y d& ot BOEir@Boktay Mgremur i ne
heavy and |ight chain variable regions in which one or nore of the murine
CDRs ( espegific Q]?RB()HSHE@ Hyeem amemcbcédl agcetiohiiarasw @RRegion ardieraccempe t er ms
"crystal stallized) refe ant | bod n bindi ng
porti onOP?%%I?‘e%%mHmtay 1 P 5 gL %’tam frfomaé?r n&”“ﬁ?@s%%nfs & B one
f or m ofantibedys@dnieda fifnatieénad hintdd dRee. &€ bntibddicd hvdllskrdjvat innBé art rahﬂb@dlla@m forms
such as the anorphous solid state or the |iquid crystalllne state. Crystals
ar @0corfisyelepment, %@mbadles eepegtaially, avealde) di nensi onal arrays of atons,

| 13 b
onS e ChRSoh e ibaBr oL el U 1A\ DK FhO SRRl TRRSRHIRS
arrays raslecide cmgmbdaxf Cf@trdjoty@epmiapﬂmsfm himtzjn&ﬁ)acthacml andewatighn@hi ps t hat

are well -understood in the field. The funda
2011/ 07HBRSEEAREBMTTONY dergssny autant Yarlﬁﬂi g H%gvaﬁ%&h@reqfh\ablCh Ctpgpdigted in a

cryst alesée?ltlﬁlaérdlt%ﬁe Bﬁ‘ﬁl SYATIRS b Gn %Blecﬁ%pghi:ﬁ hﬁfhn? valilh@, @rsd/e'm;% f[dC unit in
an arrangenen at co forms to a given, well-def |ned crystal | ographic
sy et raptibodwfodmatstatﬁekﬂbunm n toedrt. Noﬁ-htrmeng eypbodimenRepethich ondotusee uni t

See o ARt ipodRa] § 0 Al o Ry A PRI BB ORAEI oi o A ce

and Pr qe,beélﬂéauyafeg’dtﬁgtwlqeﬂhe ARERRLHD, th&@ﬁiy Bigid thdPReleéBle td thbGntib¥dyor d
Un| versity Press, New York, New York, ('1999). The terns "donor" and

"donor anti ﬂﬂwemn smnsibodpceniugnte’] Ilgfmytomlmqilag pEpteinesush aprap ant@ods. | n a

parti cul Lar . e the nor antl bod n_.ant i bod froma i es
Gt er enemi PR EF R e O SRR SR e s B P RO e

or 3der itviedl"agent"tddRote oM tithicdlGoaipoand) urhiRtuze of etitintibd dympbhnelst £bidlogiamnor
ant i body refers to a non-hunman anti body providing one or nore CDRs. The
t er m " engERp peulgRyextrpgmagds fiogn biedoachb materists. Faptiaafythoscgapepic or

S.Uf fi C'cSF&tth a%e%%lﬁl@luag ‘tﬁl'?g}e' IR)I:[ ﬁ}r%ha ﬁﬁﬁlis t[))(maﬁgél }étgéﬁa{lﬁshpﬁ of a

di sorder or ong or nore sy prevent t vanceneht of a
di sord egramtca'adm D, e&ryhemshromldef ememhes nmdery;cmp cpesitic, térepd&ide, etncrisems e,

devel oprre ons t .ar essi on of one qr nore s associated with a
di sor dGRMDIALIECHoO GG %*rbl%rd%emfahlee rhydigsy @W%%P&ﬁﬂ%%{rp&e,or

t herapeutic effect(s) of another therapy (e.g. , prophylactic or

t herapeutic agent). The term "fgamewor k" or "framework sequence”

refers to the remai ni ng sequences of a variable region mnus the CDRs.
Because the exact definition of a CDR sequence can be 20 determ ned by
di fferent eystems the rreanl ng of a frarrework sequence |s subj ect to

r r o " . a —— o NN P g— N 1



i ght chain and the heavy chain into four sub-regions (FR 1, FR2, FR3 and
FR4) on each chain, in which CDRL is positioned between FRL and FR2, CDR2
bet ween RR® 2aneh76(38, 25 and CDR3 between FR3 and FR4. WeCha@mrbospenid yi ng
the particular sub-regions as FRL, FR2, FR3 or FR4, a framework region, as
referred by others, represents the conbined FR s within the variable region
of a siTgMeMyA: RetEPMyCHdUA¢YEratpaRIBNG BINCPFPTHERIN Prow@ings BH2¢/dP%i n, a FR

repr esq{lfo%aig@%r%raﬂch&, Bﬁd“'gl%rﬁﬁgéinra%giaﬁ?égue%%q hgﬁﬁédgsﬁl&é&m S two or nore of

the four su regions constituting a mewor 30Human heavy chain
and |ight chain acceptor sequences are known in the art. In one enbodi nent

of the inventheqdrmt hehtidEaRBoRREBMY af D dheddfl rdfb@hd a@b%b@ptﬁié%ﬁip@i@in@@ﬁ_@ences
are selected fromthe sequences described in Table 2 and Table 3. Different

conbi natrineais theomtigembimdingnesigos lof dequenties lipkad o e pelepetiedd apn sai d

t ablzes.. . P2 T 2 . !

b O BB R DS Gy M RN

123456 #8903 34in6d 89 pdin itk Dok &94hi2ard DsdH3 1B bd&dr MRie antigen binding portions.

EVQLVESGGELVQPGGSLRLSCAASGFTES 16 VH3-48/ JH3 FR2 | RQAPGKGLEW/S 17

VH3- 48/31198 lipkg nRiyneRRENNARNSE ¥ KeRNSRDE BT AVPCAR O BIZUHE. 4811 (P BREroc.

VCRCTMARNE b2 ¥ stPo 6 A4l 4B MR MR SRV 0k Rl e @ 121416 23). An
immunoglobulin constant domain refers to a heavy or light chain constant domain. Human

10  IgG heavy chain and light chain constant domain amino acid sequences are known in the art

and represented in Table 1.

TABLE 1: SEQUENCE OF HUMAN IgG HEAVY CHAIN CONSTANT DOMAIN AND
LIGHT CHAIN CONSTANT DOMAIN

15
Protein Sequence Sequence
Identifier
123456789012345678901234567890
Ig gamma-1 SEQ -ID: NO: 11 ASTRGPOVEFLARPSSKSTBCGGTAALGE LVE
constant region DYEPEPVIVSHNSGALTSGVHTFPAVEOSS

GLYSLESVVIVEPSSSTGTOTY TCNVNHERS
NTRKVDKKVEPKSCDKTHTCRPPCPARPEL GG
PSVELEPPRKEPKDTLMISRTPEVICVVVDVS
HEDPEVRENWYVDOGVEVHNAKTRPREEOYN
STYRVVSVLETVLHODWINGKEYKCRVSNKA
LPAPIEKTISKAKCOPREPOVYTLRPRSRER
MTENOVSTTCLVKGEYPSDIAVEWESNGOP
ENNYETTPPVLESDGSEE LESKLTVDKSRW
QOGNYESCSVMEEALHNEY TFOKSESLSPGK

Ig: gamma-il SEQ ID NO:12 ASTEGPSVEPLAPSSKSTEGETAALGULVE
cotistant region DYEPERVEVSWNSGALTSGVHTEPAVEOSS
mutant GLYSLSSVVIVEISSLETOTY ICNVNHEPS

NTKVDKKVEPKSCDKTHTCPPCPAPEARGE
PSVFLEPPKPKDTLMISRTPEVICVVVDVS
HEDPEVKENWYVDGVEVHNAKTKPREEOYN
STYRVVSVLIVLHODWLNGKEYKCKVSNKA
LPAPIEKTISKAKGOPREPOVYTLPPSREE
MTKNOVSLTCLVKGFYPSDIAVEWESNGOP
ENNYKTTPPVLDSDGSEFLYSKLTVDKSRI
DOGNVESCSVMHEALHNHY TOKSLSLSPGK

Ig Kappa constant SEQ ID NO:13 TVAAPSVFIFPPSDEQLKSGTASVVCLLNN

region FYPREAKVOWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

Ig Lambda SEQ ID NO:14 QPKAAPSVTLFPPSSEELQANKATLVCLIS

constant region DEFYPGAVTVAWKADSSPVKAGVETTTPSKQ
SNNKYAASSYLSLTPEQWKSHRSYSCQVTH
EGSTVEKTVAPTECS




VH3- 48/ JH4A FR2 WRQAPGKGLEW'S 17 VH3-48/ JH4 FR3

RFTI SRDNAKNSL YLQVNSLRDEDTAVYYCAR 19 VH3-48/JH4 FR4 WGEQGTLVTVSS 15

VH3- 48/ JH§oRRIl/EM@E VESCEELVQPGGSLRLSCAASGFTFS 16 VH3- 483 it&PR618/069120
WRQAPGKGLEW/S 17 VH3-48/ JH6 FR3 RFTI SRDNAKNSLYLQVNSLRDEDTAVYYCAR

VH3- 48/ JH6 FR4 WGQGTTVTVSS 21 VH3-33/JH3 FR1I QVQLVESGGGVVQPGRSLRLSCAASGFTES
22 VH3-33/JH3 FR2 W/RQAPGKGALEWA 23 VH3-33/JH3 FR3

RFTI SRDNSKN'I&IM_W“@IL RAEMhRdy wcarigen-binding portion thereof may be part of a larger

immunoadhesion molecules, formed by covalent or noncovalent association of the antibody
or antibody portion with one or more other proteins or peptides. Examples of such
5 immunoadhesion molecules include use of the streptavidin core region to make a tetrameric

scFv molecule (Kipriyanov, S.M., et al. (1995) Human Antibodies and Hybridomas 6: 93—
101) and use of a cysteine residue, a marker peptide and a C-terminal polyhistidine tag to
make bivalent and biotinylated scFv molecules (Kipriyanov, S.M., et al. (1994) Mol.
Immunol. 31: 1047-1058). Antibody portions, such as Fab and F(ab'), fragments, can be

10  prepared from whole antibodies using conventional techniques, such as papain or pepsin
digestion, respectively, of whole antibodies. Moreover, antibodies, antibody portions and
immunoadhesion molecules can be obtained using standard recombinant DNA techniques, as

described herein.

The term "antigen-binding portion" or “antigen-binding fragment” of an antibody (or

15 simply "antibody portion" or “antibody fragment”), as used herein, refers to one or more
fragments of an antibody that retain the ability to specifically bind to an antigen (e.g., hARGM
A). It has been shown that the antigen-binding function of an antibody can be performed by
fragments of a full-length antibody. Such antibody embodiments may also be bispecific, dual
specific, or multi-specific formats; specifically binding to two or more different antigens.

20  Examples of binding fragments encompassed within the term "antigen-binding portion" of an
antibody include (i) a Fab fragment, a monovalent fragment consisting of the VL, VH, CL
and CH1 domains; (ii) a F(ab')y fragment, a bivalent fragment comprising two Fab fragments
linked by a disulfide bridge at the hinge region; (iii) a Fd fragment consisting of the VH and
CHI1 domains; (iv) a Fv fragment consisting of the VL and VH domains of a single arm of an

25  antibody, (v) a dAb fragment (Ward et al., (1989) Nature 341: 544-546, Winter et al., PCT
publication WO 90/05144 A1 herein incorporated by reference), which comprises a single
variable domain; and (vi) an isolated complementarity determining region (CDR).
Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for by
separate genes, they can be joined, using recombinant methods, by a synthetic linker that

30  enables them to be made as a single protein chain in which the VL and VH regions pair to
form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird ef al. (1988)
Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883).
Such single chain antibodies are also intended to be encompassed within the term "antigen-

binding portion" of an antibody. Other forms of single chain antibodies, such as diabodies

10



18 VH3-33/JH3 FR4A WGQGTMWTVSS VH3-33/JH4 FR1
QVQLVESGGGVWQPGRSLRLSCAASGFTFS  VH3- 33/ JH4 FR2 | RQAPGKGLEWA VH3- 33/ JH4
FR3 RFTI SRON®KMTLME QUNSLRAEDTAVYYCAR 19 VH3- 33/ JHA FR4 YWEQEPRLMINEG221
VH3- 33/ JH6 FR1 QVQLVESGGGVVQPGRSLRLSCAASGFTFS 22 VH3-33/JH6 FR2
WRQAPGKGLEWA 23 VH3- 33/ JH6 FR3 RFTI SRDNSKNTLYLQVNSL.RAEDTAVYYCAR 20
VH3- 33 /a\yggl&p:mcwq}\/ﬂy@gdleyﬁgc bigaleniz byspgeific antibodies in which VH and VL

domains are expressed on a single polypeptide chain, but using a linker that is too short to
allow for pairing between the two domains on the same chain, thereby forcing the domains to
pair with complementary domains of another chain and creating two antigen binding sites

5  (see e.g., Holliger, P., ef al. (1993) Proc. Natl. Acad. Sci. USA 90: 6444—-6448; Poljak, R.J., et
al. (1994) Structure 2: 1121-1123). Such antibody binding portions are known in the art
(Kontermann and Dubel Eds., Antibody Engineering (2001) Springer-Verlag. New York. 790
pp. (ISBN 3-540-41354-5).

The term “antigenic determinant” or "epitope" includes any polypeptide determinant
10  capable of specific binding to an immunoglobulin or T-cell receptor. In certain embodiments,
epitope determinants include chemically active surface groupings of molecules such as amino
acids, sugar side chains, phosphoryl, or sulfonyl, and, in certain embodiments, may have
specific three dimensional structural characteristics, and/or specific charge characteristics. An
epitope is a region of an antigen that is bound by an antibody. In certain embodiments, an
15 antibody is said to specifically bind an antigen when it preferentially recognizes its target
antigen in a complex mixture of proteins and/or macromolecules.

The term “biological activity” refers to all inherent biological properties of RGM A as
defined herein.

The term "canonical residue” refers to a residue in a CDR or framework that defines a

20  particular canonical CDR structure as defined by Chothia et al. (J. Mol. Biol. 196: 901-907
(1987); Chothia et al., J. Mol. Biol. 227: 799 (1992), both are incorporated herein by
reference). According to Chothia et al., critical portions of the CDRs of many antibodies have
nearly identical peptide backbone confirmations despite great diversity at the level of amino
acid sequence. Each canonical structure specifies primarily a set of peptide backbone torsion

25  angles for a contiguous segment of amino acid residues forming a loop.

The term “chimeric antibody” refers to antibodies which comprise heavy and light
chain variable region sequences from one species and constant region sequences from another
species, such as antibodies having murine heavy and light chain variable regions linked to
human constant regions. The chimeric antibody can be produced through recombinant

30  molecular biological techniques, or may be physically conjugated together.

The term "CDR" refers to the complementarity determining region within antibody

variable sequences. There are three CDRs in each of the variable regions of the heavy chain

and the light chain, which are designated CDR1, CDR2 and CDR3, for each of the variable

11



EvQLLESGGGLVUGGSLRLSCAASGFTFS  VH3- 23/ JH3 FR2 WRQAPGKGLEW/S VH33/JH3 FR3
RFTI SRDNSKNTLYLQWNSLRAEDTAVYYCAK 18 VH33/JH3 FR4 WGQGTWTVSS 24 VH3- 23/ JH4
FR1 EVQLLESGHGINGRSGSLRLSCAASGFTFS 25 VH3- 23/ JHA FR2 W/RQARGEGLEWIS) 26
VH3- 23/ JH4 FR3 RFTI SRDNSKNTLYLQWNSLRAEDTAVYYCAK 19 VH3-23/JH4 FR4

WGQGTLVTVSS VH33/ JH6 FR1 EVQLLESGGE.VOPGGSLRLSCAASG-TES  VH33/ JH6 FR2
VWRQAPCRELEAJEC term “CDR set” as used herein refers to a group of three CDRs that occur in a

10

15

20

25

30

single variable region capable of binding the antigen. The exact boundaries of these CDRs
have been defined differently according to different systems. The system described by Kabat
(Kabat et al., Sequences of Proteins of Immunological Interest (National Institutes of Health,
Bethesda, Md. (1987) and (1991)) not only provides an unambiguous residue numbering
system applicable to any variable region of an antibody, but also provides precise residue
boundaries defining the three CDRs. These CDRs may be referred to as Kabat CDRs.
Chothia and coworkers (Chothia &Lesk, J. Mol. Biol. 196: 901-917 (1987) and Chothia et
al., Nature 342: 877-883 (1989)) found that certain sub-portions within Kabat CDRs adopt
nearly identical peptide backbone conformations, despite having great diversity at the level of
amino acid sequence. These sub-portions were designated as L1, L2 and L3 or HI, H2 and
H3 where the "L" and the "H" designates the light chain and the heavy chains regions,
respectively. These regions may be referred to as Chothia CDRs, which have boundaries that
overlap with Kabat CDRs. Other boundaries defining CDRs overlapping with the Kabat
CDRs have been described by Padlan (FASEB J. 9:133-139 (1995)) and MacCallum (J Mol
Biol 262(5): 732—45 (1996)). Still other CDR boundary definitions may not strictly follow
one of the above systems, but will nonetheless overlap with the Kabat CDRs, although they
may be shortened or lengthened in light of prediction or experimental findings that particular
residues or groups of residues or even entire CDRs do not significantly impact antigen
binding. The methods used herein may utilize CDRs defined according to any of these
systems, although particular embodiments use Kabat or Chothia defined CDRs.

The term “CDR-grafted antibody” refers to antibodies which comprise heavy and
light chain variable region sequences from one species but in which the sequences of one or
more of the CDR regions of VH and/or VL are replaced with CDR sequences of another
species, such as antibodies having murine heavy and light chain variable regions in which
one or more of the murine CDRs (e.g., CDR3) has been replaced with human CDR
sequences.

The terms “crystal”, and “crystallized” refer to an antibody, or antigen binding
portion thereof, that exists in the form of a crystal. Crystals are one form of the solid state of
matter, which is distinct from other forms such as the amorphous solid state or the liquid
crystalline state. Crystals are composed of regular, repeating, three-dimensional arrays of
atoms, ions, molecules (e.g., proteins such as antibodies), or molecular assemblies (e.g.,
antigen/antibody complexes). These three-dimensional arrays are arranged according to

specific mathematical relationships that are well-understood in the field. The fundamental

12



VH33/ JH6 FR3 RFTI SRDNSKNTLYLQVNSLRAEDT1- 7YCAK VH33/JH6 FR4A WGQGTTVTVSS
TABLE 3: HUMAN LI GHT CHAI N ACCEPTOR SEQUENCES SEQ I D No. Protein region
Sequence woLaB4B6M8901234567890123456789012 A18/ JK2 FRECT/EP2010/069120

DI VMIQTPLSLSVTPGQPASI SC Al18/ JK2 FR2 WYLQKPGQSPQLLI'Y A18/JK2 FR3
GVPDRFSGSGSGTDFTLKI SRVEAEDVGVYYC 30 Al18/ JK2 FR4 FGQGTKLEI KR 31 Al17/JK2 FR1
DWWQSWSEW@W@F%@@ZS repeated in a crystal is called the asymmetric unit. Repetition

of the asymmetric unit in an arrangement that conforms to a given, well-defined
crystallographic symmetry provides the "unit cell” of the crystal. Repetition of the unit cell
by regular translations in all three dimensions provides the crystal. See Giege, R. and

5  Ducruix, A. Barrett, Crystallization of Nucleic Acids and Proteins, a Practical Approach,
2nd ea., pp. 20, 1-16, Oxford University Press, New York, New York, (1999)."

The terms "donor" and "donor antibody" refer to an antibody providing one or more
CDRs. In a particular embodiment, the donor antibody is an antibody from a species different
from the antibody from which the framework regions are obtained or derived. In the context

10  of a humanized antibody, the term "donor antibody" refers to a non-human antibody
providing one or more CDRs.

The term "effective amount” refers to the amount of a therapy which is sufficient to
reduce or ameliorate the severity and/or duration of a disorder or one or more symptoms
thereof, prevent the advancement of a disorder, cause regression of a disorder, prevent the

15  recurrence, development, onset or progression of one or more symptoms associated with a
disorder, detect a disorder, or enhance or improve the prophylactic or therapeutic effect(s) of
another therapy (e.g. , prophylactic or therapeutic agent).

The term "framework" or "framework sequence" refers to the remaining sequences of
a variable region minus the CDRs. Because the exact definition of a CDR sequence can be

20  determined by different systems, the meaning of a framework sequence is subject to
correspondingly different interpretations. The six CDRs (CDR-L1, -L2, and -L3 of light
chain and CDR-H1, -H2, and -H3 of heavy chain) also divide the framework regions on the
light chain and the heavy chain into four sub-regions (FR1, FR2, FR3 and FR4) on each
chain, in which CDR1 is positioned between FR1 and FR2, CDR2 between FR2 and FR3,

25 and CDR3 between FR3 and FR4. Without specifying the particular sub-regions as FR1,
FR2, FR3 or FR4, a framework region, as referred by others, represents the combined FR's
within the variable region of a single, naturally occurring immunoglobulin chain. As used
herein, a FR represents one of the four sub- regions, and FRs represents two or more of the
four sub- regions constituting a framework region.

30 Human heavy chain and light chain acceptor sequences are known in the art. In one
embodiment of the invention the human heavy chain and light chain acceptor sequences are
selected from the sequences described in Table 2 and Table 3. Different combinations for

human framework sequences FR1 to FR4 are stated in said tables.
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Al7/ JK2 FR2 WFQORPGSPRRLIY WD 2011/ 070045PCT/ EP2010/ 069120 SEQ | D No.

Protein regi on Sequence

12345678901234567890123456789012 33 Al17/JK2 FR3

GVPDRFSGS&6Gh rbdds SRVEAEDVGVYYC 30 Al7/JK2 FR4 FGQGTKLECKRP2010/0691200he term
"germine anti body gene" or "gene fragnent" refers to an i mmunogl obulin
sequence encoded by no

mat ur at JORL

LE S B R A R &

ells that have not undergone the

C&EREFM%SEQBF?%Hﬁ%nent and nmutation for

expre55|on of a partlcular |nnunoglobulln (See e.g., Shaplro et al.

Crit. ReyT1Hmunal; §z 183206 (2002 Marchatonis—et—at—, Adv EXp Med
Bi ol . %&2'13 30 (2001)) One pf the advantages provided by various
enbodijment $ of the present invention stens fromthe recognitijon that
gernlijne anti body genes are npre4bbkeloy2tirtansmabanes7anbibody [genes to
conserVie esgentdsalizamrno aci d sequesceLstragctrresAd@uRar act erli stic of

i ndi vijdigal sViihriBReispeei es, henderbesurfiykely to be recogni zgd as froma
forei gni/souree Mner gsed t her ppEUPRREIIYL M HADES BT es: The term

" humar_i2nt | Beeaye/ Jihs Fided her pVGRCTINTVSHt ended to incl ude antilbodi es havi ng
vari afl’® anhHiFd84iE TR pm ons MLV@%Q@%VQ%GﬁﬁWAﬁ%QFﬁfﬁ ne im nogl obulin
sequenceds. | The? F VRSP PEHEE ntion n ani no acid
resi dues .NVH%Aﬁ Y54 TRy human 3EW§BW¥¥W§L¥ AAISYEBEL I Y S equdnces (e.q.

t at i len “ABZJHAVERL D WG,QE; LVVSS e e o o nvitro OI’, b
it at | Pinte eRY ST ErvEsceeT vhttes i seaRsa e oo L y
SOITH'[IC_L6ﬁ"u 91%3 \ﬁlg/b—ag ‘%.‘% ; ¢ 1 e t e CORS ang 1 p_i’thU' ar CDR3.
However;-t 'm%'/bl—l TgaRn antt ge > itended to
i ncl ude ant Hodies: § BT B omonoye ] irm i ne of
anot herz1maniml 1:3N;$Peel €S, SUC@KﬁﬁEﬁxﬂ@ﬂ@ﬁﬁ&ﬂ@MﬁAﬂﬁﬁﬁFgraT[e onto human
frameviork seguences: r2d 1he [ efmmronedmiieged anti body™ refers to anti bodies
whi ch [conpl vse- 3Beavy rand 1 ghf reharnvskariablesiregpmyysegpuenceas from a
non- huymen spetizegi{ergsd, a nous@cThutvssn whi ch at | east a porlftion of the VH
and/ or| AL f@ﬁﬁ@ﬁé@ﬂhaslbeen al veregsqasvberaroreLsChupdibi ke, li.e., nore
sim | gria ol kit / gt AR ne varn@ﬁ%@P@eﬁ@@ﬁ%es e tvne of hunanized
anti bddy? i s8> CORIGr ARt ed ant | BOdy! P FeE P A ices are
i ntrodiucded!| Vit e3ndH Bhitmn VH WQ@HHVT\WSSQQmmnrpQ to rpnl ace tlhe
corre ﬁﬂnd Wi WeARiERL CDR_se @HHNE%KIWM%%ﬁﬁ9%HK%%$ﬁWEHv incliudes an
antib A7 fa Vg?) \:’;’/J%Q’HFEQ deriva .\(.. AP E?%JFB%A or fragment t h_{r eofl whi ch
i el Vi Q?NH«L FRAc + o AERETISRENCGRNTEVTOMNGLRE E TAVINCAR L v i
I ann an.OL, s :i e‘ A\ A | T C ) wir o CO[Tpr' Ses a
f r amevprx—+H St y juence of a
human jant + bods 2‘* o conptenenbany et g avi ng
subst grtg = Vﬁ34ﬂ3VJ@§“FK? acid R%ﬁ?@ﬁﬁ@ﬁ@ﬁ?ﬁ%gMNSLRAEDTAVYYCAK

18 VH3-23/JH3 FR4 WCOGTMVIVSS
24 [ vH3-23/JH4 FRI EVQLLESGGGLVQPGGSLRLSCAASGFTFS
25 VH3-23/JH4 FR2 WVRQAPGKGLEWVS
26 VH3-23/JH4 FR3 RFTISRDNSKNTLYLOMNSLRAEDTAVYYCAK
19 VH3-23/JH4 FR4 WGOGTLVTVSS
24 | VA3-23/JH6 FRI EVOLLESCCGLVOPGGSTRLSCARSGRTES
25 VH3-23/JH6 FR2 WVROAPGKGLEWVS
26 | VH3-23/JH6 FR3 RETISRDNSENTLYLOMNSLRAEDTAVYYCAK
20 | vH3-23/7H6 FRA WGOGTTVTVSS
TABLE 3: HUMAN LIGHT CHAIN ACCEPTOR SEQUENCES
5
SEQ Protein Sequence
D region
No.
12345678901234567890123456789012
27 | A1B/JKZ FRI DIVMTOTPLSLSVIPGOPASISC
28 | AIB/JR2 FR2 WYLOKPGOSPOLLIY
29 [ AIB/JR? FR3 CVPDRFSGSCSGTDETLKISRVEAEDVGVYYC
30 LB/ JK2 FR4 FCOGTKLEIKR
31 Al17/JK2 FRI1 DVVMTQSPLSLPVTLGQPASISC
32 Al7/JK2 FR2 WEFQOQRPGQSPRRLIY
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30 non-human anti body. As used herein, the term"substantially" in the
context of a CDR refers WO 2011/ 070045PCT/ EP2010/ 069120 to a CDR havi ng an
am no aciwoenueomes at | east 50, 55, 60, 65, 70, 75 or @O0TAP20@Mt9120I arly
at least 85 % at least 90 % at least 95 % at |least 98 %or at |least 99 %
identical to the amno acid sequence of a non-human anti body CDR A
humani|z&d anti Bfﬁ:ﬁ?lﬁorrprl ses stBSfantially all of at |east one, and
typicdljy two, rlable d)msu ns (Fab Fab', F(ab') 2, FabC, Fv) in 5 which

al | or—substantitatty ou | Jﬂ23451767M23§%7%g@123%567:§9@yyu to those of a

non- hun%n_ i 28 RS P as Vickapron | or substantially
all of 3oh° T AREROEK reg ,.‘E.QQJ\TKIE.TK,?U:L GF-aHUHRR mnogl obul i n consensus

Seque LlC artrourariti y, (=8 III.JIIIIJ.III Leu arToT uuuy’ [=Y] QG bUIIP I SeS at | eaSt a
portion of an imunogl obulin constant region (Fc), typically that of a
human i mmunogl obulin. In sonme enbodi ments, a humani zed anti body 10cont ai ns
both the Iight chain as well as at |east the vari abl e domai n of a heavy
chai n. The akfeitbaeyecambioe artjbordpgkugieort Bencdrmadni nigéers ©HR), IMOMB10 gty lICH4

regi ons of the chain only
cont ai nslerhe ATty i Sl RATAR E8Ren Y renls P AU AERRARS L8 Bl Thoty
onl p cagidit® gerfetio UoERIngEdeii@ay Ynuddidnor ¢xpreRR@idflapasiaRdimBihsglobuliumani zed
antlbod only contains a humani zed vari abl e domain of a |I?ht 15 chain

and/ or (Refrgr- Z8WPHR 443 i Rev. ImmunolrRe(huem Weld 0@t Mysdyplopisret Bb: 4¢Y ect ed

from any,. G f and
| gE, anrﬁl aﬂr/{)@/&?éogt 4}1/3612{‘@-' 96’@%092%89%0{ ou'%1 U%Ht%g? ggol\(’(l)dnedl Vahg& %ég&}lmaQA | g@&2,
| g&3 and thgsésent hechtibresierme foanthe beedynitiay thao ganilse aﬁ&bﬂt@ﬂg@ﬁ@s dre avoreror e t han
one cl ﬂi,ls or isotype, .and particul ar constalnt domaj hs may be selected to

200pt i HKEE (has MaBHC antfhody gEngs A CPISSRE G38SnHE! 4riBA AF Y FEQUSRES PIYUGHEh i n t he
arlyg  characttBigid SGHBNRIKISAR ‘Ehec;?gcéﬁ BeRRSeQf1iKRl rgé%czo%%z@ﬁ”aé RofY, need not

correspond precisely to the parental sequence e.g., the donor antibody
CDR or fbfagmmn&hmdsaéﬂememcmﬂy ibehahspicageni zed by substitution,

insertion a ord tlon f a,t | ea one.a cid r i esothat t he

oo or 1 amatlsthr TuftticmBog it el T beate e MR Bt g8 rhliker "t he

donor %hhbl@(iﬂd Qbnsidme r@%ﬁmﬁ%ﬁu& fréﬁrrﬁmhkgenhnn@mﬁﬁuﬂdg%ﬂuﬁﬁ s@c{déﬁ@@smmé such
n

mut ati ons, however, ot be extensive. Usually, | east 50, 55, 60,
65, 70 humn@mtlb@dl% ofghe mventucmmyy atcludéamm@@ﬁl%es @nqiaﬂm@(tasil tafrhuynaat | east
90 a%gmﬁo 1?‘150t IloCbUI ars %ue aSt tlons 1ntr0c{] n%%hzed ar%tl bO

re3| due% Wi Gy 8 ¥ tnﬂo % par en nd 'CORs8iTentes. As

used h&ﬁﬁag‘enemhcﬁl blabmr b@@ﬁﬁ@ﬁéﬁﬁtafﬁbﬁniev\ﬁ)b% foﬂ’&faﬁfp& 1'anhé OBRisraagewor K regi on
|n 30 the consensus imunogl obul in sequence. As used herein, the term

" cons erPgtficulanINRY ML veR tReigianbeman grttiody't ¢ tird heecitdhaet iNtsAAKHIOf r om t he
nost fr am |y of
e FOUSEESEHT 128 O SRR SeLo AU ROLLAERL T RGHAAT 1Y 0, e
(Ver I agﬁgﬁmehzirssﬁearfet,,su&/leamgbnse Gevatrioy gw&a)ontd Inursarf arhéworkfsequences.

oo el d VEISIDTL) GROBRSHETERD FO1D66 BD0BREVY b RGoRaGte RRELABRIKY af

t hat Pk il @iabIR r&él@n §@bhots fion 4 Woh-AEMAR sReicd$e 9C6 lrﬁou@éb%‘t id/wflfcﬁqye“t | Yy,
ei ther can be included in the consensus sequence. term "human RGM

A" (abBe®vi aowidnioéttei ¥HagdoREY wjjucret dasben adtcridye bs mmhﬂspm lileby’| £é.nosi t ol
(gpi)-anchore ]ﬂ ?L roteln wi t.h 450 am noqam ds, fﬁﬁs firat descri bed as a
neur it €"YrSMEH %é& BRETYPCNAUFYIE SYERGEh GIHYR AR TR g AR BBment  of
t opogr @R%r@ﬂf&l £ebb@Nn GAIAMuNEHh @DR sNRIhER 286 infrd3dudtd, inth:huMigl Vigr, in
Mol ecul ar Basis of Axon Gowth and Nerve Pattern Formation, Edited by H
Fuj2bsaviad Viapuiiesess énteptice tlsd@rr@moeﬁémgrr@@bummnggqums’ Hurmézedgm gene
famly h b, are
expr ess eﬁﬁgﬁpﬁgﬁﬁ& dn a{tﬁ%o&y g\%vﬁaﬁ%l%gigggﬁ VeéXﬁ)a}]o né%%en{ glg}e%f Wﬂgchl

10expr dam@ghokpecifivallpinds hey aftMdg lof éterest aadi whidBhdongisesTa &aﬁleerk @®g9. Lond.
B Biol. Sci. 361: 1513-29, 2006), where i | ays an |nportant role in iron
met abol PR m&&ﬁu@m%%ﬂ@.aﬁgn%%%@@ I ib 99%& %3 %50 % the
am no t S
share %%@ilgﬁ%%rggﬁ%eﬁgggltg%gmﬂqé g&m ﬁﬁét%lrtlgﬁ%ﬁ] ng\clvn 1%][118% ﬁHlThey
ar 80pr moniherani anhibedyo tAsiussd banatheitergn ‘sobiR@Gdiallglyimothe auntektaafa GDRuefersr al 15
honol ogy to the Von-WI | ebrand-Factor domain and are cleaved at the

N-term nal am no acid 168 by an unknown protease to yield the functionally
active protein (Mieller et al., Philos. Trans. R Soc. Lond. B Biol. Sci.
361: 1513-29, 2006).




In vitro, RGM A inhibits neurite outgrowh at piconolar concentrations by
bi ndi ng to Neogenin, which has been identified as an RGM r ecept or

(Raj agopavernoeto7adss Nat Cel |l Biol.: 206(8), 756-62, 2004r1/Hre@gesiino had
first been described as a netrin-binding protein (Keino- Masu et al. Cell,
87(2): 175-85, 1996), but its affinity for Netrin 7;Igg 2n|\/&0 an order of
magni t Jaé @%&éﬁvmaaﬂama%?eme(ak&a@f%@ AR O% Reyj By dpar 8% “eraricularlit cel |
Biol.: 8576 94) g% ol r A |ngof
Net r i n-a?ﬁe?%)t %\Iseog%tﬁlganst g? /;;gt }etﬂs? 9§I {)’saetq%dr e Zté Eeggﬂeggjdég &k&%&ﬁg%&e

col or ecical seqagrce of a has-hbmen anemwalyt@aRt & hﬂtﬂamzbdihlﬁltﬂ)ﬁy&bhﬂ@l‘lS&Sh’ahStaIﬁlaiﬂyhI bi t
neurite gro (Brai st ed. al . J. r osci 0, 57 8 0 Besi des
bi ndi ng'gtt RS R §>ht“aonaralilwé% ‘?fﬁ?jn%‘:&% ﬁ%w AT g%ﬂo t he
bi ndi ngyath REY ﬁlb‘éfanﬁallﬁalt HEhOOMR FRIRNRER bh& t@ﬂh@&&éﬂﬁnﬁ%ﬁa@”d BVP- 4
coul d represent another obstacle to success neur or egener ati on and
functi onmhunogbbubmyl e( M@@blt @rtlbedy)aﬂnd alll@msubﬂéantwﬂaalé of fac fgwecwdrbmegio® Bi ol .
Sci. 361; .,1513:2 . asses ogeni n,and the
avps) OB an e Puapr et RTS8 o Rt ERyPENE ARPRAMG ory s gnal
of RGMatiBdbdy alwc&ﬁme%ﬂbyst dipbft@meTtan amehunb gie PEIRTieIHstagi @In (FE@Nsduct i on
pat hways. Usual | y expression of these BMP proteins is relatively lowin
most r dypisHY Bt Aftachuaran mnoNSglabutinrla s mcicrbe diacass, p huspred a1t dsnd
acgumul ) reported in
e on < B i BATEEMER &y 8 o VTefe uf Viiighte AR or R DBE. HRE

2011/ 0 6086RCIEMAD MML%QEQGHQ4hmg&917H2 NEHI3, i ane CHA regions Bf tictheiRgschaif4:

1-11, 2001; Hall and M I er Neurosci Res 76: 1-8, 2 04 Set oguchi et
al ., BxPSomegrypdimepss, a@sn@alze%mtydy PRI p@atainsghumanized Hehbehait. Ipsome p| e
scl er O%n‘?oodhﬁ&t? )é%'iﬂaﬁf‘z'aa %htl nm@a1§§§ ﬁ&gﬁ{@é&’@aw ?haﬁﬁﬁ)spé@ﬁl@l BMP- 4,
BMP- 6 and BMP-7 'were upregul at I'n mouse spinal cord (Ara et

Neur os acimtRdsneiB$ :a HihRHiz88 an@BRIF)onBidnhabubasrcd epebleakintagn ¢ fenlightt

rite rowt ndi o,cell surface RGM A, BMP-receptors | and Il and
by di r & n‘ai;cg)ff%ﬁlfl BAE%IWI?PWB% (Matsuura et al. Bi ochem Bi ophys Res

Conmmun. 360rhe§ﬁ%1a?13aed%99t7&dy%'aﬁ bbkelb&ed RBAEIY $as§¥PREMBELISKMInG] Ocki ng the

RGM A-BVP-2 interaction will further increasé functional recovery after CNS
i nj ury.inglogisg ﬁ@ﬁdg%éaGamégA@pdlgﬂ lapd oy uo@@e,rlaclgdlagmlﬁmhh@ltmqm brai n

h f d
e R AT R FoBE T R 202 e i flanlteB hnfioty Hhal i b MidheBbisg, 2"

si m | arfrgrd rﬂdﬂ@tlﬁﬁ@n&%%&kcﬁ?ﬁb{ aBd phrdicwigr l:dhsfhblﬂ&(ﬁﬁam§ﬂ©?®§%¢l€l@ed h)at nost of
the pan RGM staining in humans is related to RGM A | ocalization but not to

RGYOB | péiENze dasireh clieséprfinctions gping toghpiqueswell-browpin hsegrt. 8. 2005a; Schwab
t al. 15E | | |
Bi o1. 173: 2%&? %&?%ﬁ{ig eaﬁgﬁ?lg%ﬁéﬁ%%%ﬁ?g‘% %tlm%ﬁ&%w@tcaFﬁﬁpﬁgg< RGM A & B

[ mmnorreemalwtottw pm&ﬁtadﬁetqeeﬁoed o), thhidbeormmtibedy €CDBearrshe ansgadendr ocyt es,
peri kar%én eur ons, scul ar .snoot h g).lscl e .and fﬁw endot hel i aI
cells SYOul eI UAG 5y s DAL 417108 Enio ResipTEp it Fagesat tern in

adul t - heahs Byid REVIRR BriRdiAnd émearma%ﬁé%dr@&esﬁdaetahﬁm@E@e daegaop&ﬁﬁe%ahdqpser ved
in adult rat spinal 20cords (Schwab et al. Eur . Neurosci. 21: 1569-76,
20@5 b;citHert the dbna antiodyGa the Birsknsug fidmenprk. 38p pZﬂ@ﬁbar embodlmeBasedl on the
accunul ation RGM A at | esion sit cord i jury and
et o Tt rorar e B sRguTve: SRubr ebRo aBt v Py O PO et 2™t hat
the pr qfagriculaMy dt 1@¥EES vN|iEd pAtiQNANY b 1bRPDOH l% QhY nft paﬁlwa@n@t 1b4s$95 %
neutralization by anti bodi es, or anti gen- 25 ‘bi ndi ng e'rnztagment t her eof t hat

bi nd t ofahe htéamlzqdr?@tlb@ﬁxr@pléu@fwxﬂh@mmd tR@ﬂSAOﬁﬂ@twf RtandCPRpr oved
regr ot Of LN S ASEYCULLBRT 8000 AR SORARSETEN e fHAGK FORA! in
recovery'in indicat1 ons t ara erized y nerve er rnjury

acaonultag t@mdensus immunogdlbBulineyequcndEVA Aised Ihe it m@@ﬂéﬁﬁSS@SeM/Erﬁmﬁﬁbecm es
i sol ated or obtained from other species, as for exanp rodents, |ike mce
or ratss obglé@csﬁﬁwe@w | gfers 19ethe sqaugrse fpeacdBrche @oefofrq%le@bswﬁaﬂ%&%? ein as

SN e S R G e S T

From Genes to Clones (Verlagsgesellschaft, Weinheim, Germany 1987). In a farmly of

immunoglobulins, each position in the consensus sequence is occupied by the amino acid
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SEQID NGO 2 SEQ ID NO 1 Human RGM A protein sequence Human RGM A nucl eoti de
sequence hRGM A SEQ ID NO 4 SEQ I D NO 3 Human RGM A-fc protein sequence
Human RGWé-2boi/mmombkeot i de sequence hRGM A SEQ | D NO 6 SEQriEp2M@os1buman RGM
A light chain - fc protein sequence Human RGM A Iight chain - fc nucleotide
sequence rat RGM A SEQ ID NO 8 SEQ.ID NO 7 Rat RGM A protein sequence Rat
RGM A MFEVEHE st &emﬂ&ét thetositimnpin theriapplyt o gmipg %Fdiiwcaf c@alyt o one of

its recﬁg&;&:@ﬁt Seﬁﬁ'& %ﬁgﬁcféarlﬂﬂf’%lcoﬁgegl% A uenl%éa”pl e by about 20 % 40 %

60 % % % or nore) or c ete reduction of said
receptor bi fidierigmathumndnt RGMSAT Gabbraviitid bérom aeﬁle}Mdk)rrgferm;a be det erm ned
by any ui t d ava n art | ar | net hod as
exenpl i§ y@aﬁﬁ@@ﬁtl&i@%&? @25 EO E‘&g%ﬁ\olﬁg k‘ﬁgbjﬁﬁ“ Wa ftsti sol at ed
ant isboqeseriiRa ak'ﬁ%@uﬂ%rg%ﬁth rbSelleht &%ﬁgtetg?o&/ﬁf 1ﬁfllb§t9r @Lﬂlr@'ﬂe‘\z% MIGEM i's
10substantially free ot her anti bodi es having different antigenic

speci f |tcpqgrmhl<( Etogﬁcylomisltdrbleaaleﬂelann ﬁbm4ﬁhb&90$hb®llen, uaMoyerlanBQSIhRG\/l Ais

o &) ol S SenRebaa FRab g mRRT Al e koA B ShiGever

have crmgs; ? ERODO VIJOY). meagﬂ%ren@mmlwﬁomewses aﬁeﬂﬁ%xenﬁgéne@wbveeffﬁee{n ot her
speci es. Mbreover, an isolated antibod may be substantially free of other

cel | ul argmrﬁa@@rl? are epsensgdbin thmgmezalign CNS, whergss thedhiyd meshestrsum c. is

Pol¥nUC SRS RNy IRIMBIBCLUPUPLRALIAR, (8 i1 6l BRI sPNA, o

nthet| orig i'on thereo virtue
or| gi n 1518H%, 208©L azhafd 1pp1hy§mmhqmtaﬂa le ih $roR@hctasdion Hhﬁﬂn\RGM Iabﬂem@r a
portion of a ynucl eoti de w whi ch the "isol ated fpoI ynucl eotide" is
f ound l}ﬁ‘Vnétﬁﬁ’ﬂ‘é@nCF édeaﬁer%ftﬂ’:‘yﬁr?%%eéhetaénlao aeﬁ%aeﬂ%cytq dgragapd fatiRGMA not
| i nked b ger
sequen(:lge.99 g %%%G%Pémgaﬁso at e %‘Hgg?ienﬁﬁ%teme% [Yo) ltRfa €Bg%{| de" is a

pr ot ei rknowngobtgime fheydare tphalincbychviroteuns cofitairtisg or R@Dwegronsamd rhaee sifucdﬂfall vati on

s ,not assQ ciate n ur al SOCI at d c nen hat . a any it in
¢ SBadapipipdte Wgn 31 bihra o] e Pga S Se eP B Ab BN B PHE oA
speci es;id %8\3@0& éaraegseltd, e[opﬂﬁb%rf&ht)ﬁa hvépﬁﬁaﬁ%Mu@nerc&@eﬁ not —occur
in nature. 2011/ 070 5PCT/E 2010/ 069120 Thus, a pol ypeptide that is

cheni ceHhﬂy)S shranh &s SQecLocmd B)Bwlhésu Jed 1|5ﬂ13e29cé006)l ar syst em different from
the cell 2 \24:'0 ?{eq]l\/l alel ey 0 rc n e etF L&l%mto
natural |y asddéia egrﬂg Eﬁ% prlrcé))l/naﬁl 88&“@ ?11(1.1S ye]&l g
subst amidolchiy, Whik@ hef betatidéraiflcy a8 as R@M&&Qpﬁ‘dﬂ REYBEPagnky al. 30 atil Bisl.:Usi ng
protein gurl fication technjques well known in the 5art.
20 6(8), 756-62, 2004). Neogenin had first been described as a netrin-binding protein (Keino-
Masu et al. Cell, 87(2): 175-85, 1996), but its affinity for Netrin (K4 2nM) is an order of
magnitude lower than that for RGM (K4 0.2 nM) (Rajagopalan et al. Nat Cell Biol.: 6(8),
75662, 2004). This is an important finding because binding of Netrin-1 to Neogenin or to
its closely related receptor DCC (deleted in colorectal cancer) has been reported to stimulate
25  rather than to inhibit neurite growth (Braisted et al. J. Neurosci. 20: 5792-801, 2000).
Besides binding of RGM A to Neogenin and inducing neurite growth inhibition, the
binding of RGM A or B to the bone morphogenetic proteins BMP-2 and BMP-4 could
represent another obstacle to successful neuroregeneration and functional recovery (Mueller
et al., Philos. Trans. R. Soc. Lond. B Biol. Sci. 361: 1513-29, 2006). Both classes of proteins
30  (Neogenin and the BMPs) have been reported to transduce the neurite growth inhibitory
signal of RGM A via two completely different and independent signal transduction pathways.
Usually, expression of these BMP proteins is relatively low in most regions of the adult CNS,

but rapid increases in expression and accumulation of some BMPs (e.g. BMP-2, BMP-6,

BMP-7) have been reported in response to injury and insult (Lai et al., Neuroreport 8: 2691 —
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The terns "Kabat nunbering”, "Kabat definitions" and "Kabat |abeling" are
used i nterchangeably herein. These terns, which are recognized in the art,
refer to woysEmssf nunbering am no acid residues whi clecamr20mneo1z@r i abl e
(i.e. hypervariable) than other amno acid residues in the heavy and |ight
chain varl able regions of an_antibody, or an anti g/gn 10bi ndi ng portion

t her eof? (|4§8§{Méftm§1l ct 3laBtaan) Ray §94 Ny 1A 1 Hall and fllerz g Neygasch keskibat |

E. A, et t, Fifth
Bt on S e N Bl 180 34 A0 AT BOL0R, R P C2 o Mo,
91-3 242)1u1t15mrsctet‘c$1sh de\oxpaiacntalateiniphme reagapdlalomyehlsr@ﬁ@) varde B MPHAegi on

ranges fr ani no id positions.31 to 35 %Rl, ] acid positions 50
to 65 fl%MBM lgi}ﬁa’%&ﬁ{%ﬂ’r%&ﬂ lHehBaneysTEINg Cotr‘é E?Qet@gn} %% Gﬁﬁégkgslzg " the
l'i gt cih3lgs \Q@bzfﬁh\@-ﬁf}ﬁh B8n kP& tB SR B héﬂ} t€ gf Reth 89 bh % del1QMRAE no
acid p05|t|ons 4 to , amno acid p05|t|ons 50 o 56 for CDR2,

and ami R@Maé; @Mbswept@mssl 8@1 H end®by fisectigRREvating LIM-These @datstuceet alef ers to

< knownoris t R Re6ThaRbe AP 7 BTl PR aR R SRR Tesi Guee

Wi t hi n glokinathe R Awm ih@RadctibRwell ARfRr if¥RAGE fiBtiéhe rdondyngesErRSi ficity
and/or affinity of an antibody, in particular a humani zed anti body. A key

resi dudnivi| udes, but is not linmted to, one or nore of the following: a
d t hat, | t t b
RN i T T I e O N

I Nt er achassiyewtduindligord vt cglanar RGRbatrtRsinflue stapabihe smﬁnmg\pz&fembm@m h a
CDR, a .canonical residue, a contact resjdue between heavy chain variable
regi on BEYS B f@ﬁﬁpleﬂalﬁw%néq I8Py SEYVIA thapandPyLantRedy sanigenBMNer  zone,
and ar t ition of
a vari asgl?%&ﬁg E/I{/At c gtl(ﬁq angF %t lxélﬁ{lgl E}Fﬁ% ﬁ% }éﬁlgltg%egﬁgo@}}qﬁgb???%&lbﬂeavy
chai n fluametioRGM B localization (Jttevabent gl.," Awh!' Newbb6X 1656148h200a; Sdtveabaorkt ant

i Phody PN GERE ol B 18 2085 kbl o 7 LAGHRRY 172 475 Of ppoagty

refers fighahhBaiff fan'reGR1 GHABLARGM A & %ﬁ&ﬁh&feh&{%@f wa@d&@étecbsﬁyvhﬁé om t he
anti body/ anti gen conplex as is known in the art term"| abel | ed

bi ndi ngngstastfibem; oligeldendroeyicsa pprlstred of favtieuronis atomic \raﬁ@daﬂrﬁ@mttlemusdiaand
provid ntlflcatlo of the bin artlcu arI t he
el i e SR B S AR  mb0 Tef Jab FEM Sk Pl S

i ncor paidatt lh@ﬂtt@thu@larnaﬁmh@b@b@dmwm@qlea.«,@alﬂng hat@drh dBurRdt intaduid rd@pipEPt | de
of biotin é(ﬁrml eties that can be detected b¥5 mar ked avi din

st Plpt 9rdsiceon aioling: s NaioFe3Lel 6O RE4S bl syt bl J733hat can
be det y optical or colorinetric nethods). Exanples of |abels for
pol ypeptl es include, but are not limted to, the foll ow ng: 5radi oi sotopes
or radi onuclBaedof ehcqaccurdidatidstel RGHS A ﬂﬁk}gﬁan%ﬂ?@m brlam anﬂl%ﬁﬁﬁl &3d ijurd71u,

166-1-T no O fluorescent . | abel s . odam. ne,

| ant harifd&up %%Wi@fﬁf n%fﬁf;%ﬁ%mienhnéﬁ §Ctl‘é1tﬁg s ﬁ&?%&déhfité bf@%%wéése
| uci f eragg ne@tlltlé &Jg% &%krumaﬁ%ﬁ%g%u égealsamgeﬂt i nyl
groups; pr edete m ne epti de epitopes recog |ze y a secondary

r eér t énndieg @agmbnﬁuhem@f thatgped tO[HIlG’aSB(ﬁtq:Lﬁ@nopGof the hatinaig RN @smiight rssettondar y

anti bodi es bi ndi.n donmi e ta netic a e.nt S,
Sheh adn SRt Eh s v agtuid R o £ b AR San RSty AR e EHER: o any
form Oflneﬁ@zmdﬂs%hérﬁétbﬁibdqu ch& %éﬂ%ﬂﬂr AR EMaeiimtiRgohNvention or of a
formul ati on containing the sane di recégé/ at the intended region of the body

of a mammul The then tReM 44 alsheneormprssasdtvMedt m@@mldﬁﬁrlmletcd pyebtained from

neur or egenerat.ive action s _inte ed 1o be indu ul ate”
hnd ~r QG SpRULL o B itk o SHETBE T oo b PERER, MY B dhElepo A

al er atik agsigratddteréa bé at RGM A2, rml ecule of interest (e.g., the biological
activity of hRGM A). Modul ati on may be an increase or a decrease in the
magni tude of a certain activity or function of the nolecule of interest.
Exenpl ary activities and functions of a nol ecul e include, but are not
limted to, binding characteristics, enzymatic activity, cell receptor
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20activation, and signal transduction. Correspondingly, the term
"nmodul ator" is a conpound capable of changing or altering an activity or
functi on wbh 2a1mmob@sul e of interest (e.g., the biol ogi calpcamrrvioiygied hRGMU
A). For exanple, a nodul ator may cause an increase or decrease in the
magni tude of a certain activity or function of a nolecule conpared to the
magni t UdEBDE 4t hESROF SEQYENCESUDE Ritovi AoRERATED MOIZETHEESbsence of the
nodul ator. The term "agonist”, as used herein, refers to a nodul ator that,
when contacted with a nmolecule of jnterest causes an increase in the

nmagni t fdetesf a cer %ﬁ%e%f‘@tiii@}lﬁtﬁ;@r or| P@#RERi®h of the nol ecul e conpared to the
magni t gg f—tthe—art; T funct gnce of —the
agoni sf . ar[%i cul af SE o}r?l)i\é S of int eres?mM%R (# aeégqlbé are not limted
to, hRGM A pol ypept SKKQSIDCNOQM ypept Hiha&nmmjequa@md&mq@@bbohydr ates, or
any other 30 noplec] i - ist”

Ul es that bind t|
her ei n|hR@EVA to a| PHRAEPNGH t hat , | WvarnddaMatife araigin BCRCA ecul e of
interest causes a ¢Bs¢oisn the %BWA & ﬁﬁéét?de@e&\?e%é“ ty or
to t

functijpn of the nol|ecltl e conpared e magnltu the activity or
functi diR@Wser ved |SEQMP Nbsence of HubreinRGHIgAe hight chalnx-efipprateih &atageni st s

i nclude, but are WD 2011/ 070045PCT/ EP2010/ 069120 not limted to, proteins,
pepti des, anti bodi %,Qﬁgﬁf@éodl es, thlmotﬂﬁmﬂaAéighmhasnﬁCInuobga&d gquence

nol ecul-es ptibe eser+b HAWWD01/ 83525 Parti-eular

ant agor??tslf‘gl\/g i nt =$%§tﬁj|¥(31 ude thogét Fﬁy AIgIeR $AURSAUI at e t he bi ol ogi cal
or imunol ogi cal at§p@iIbINOT7 hROM ARaARGAGANLRIDHAE sdifFEMeA may i ncl ude, but
are not_5limted to, proteins, nucleic acids, carbohydrates, or any other
nol ecul es, which bind to hRGM A, |ike nonocl onal antibodies that interact
with the RGM A nolecule. It should be noted that the interaction with RGM A
may resul t itheyemainbibdied ofdinding pLREOMbI® @fc Adtitsspcepiogarisp mpisseniaititlane
compon ef, u addinta, V. Y [0}

agapnarti i R R B 0 op 35 B 08 4R S0k S e PN

pr epar &Etﬂt(dﬂloﬁfof gdidl rdoophyr bidkd@guicesity. BaidctinisibRioa of bl I’ind‘}elﬁb\/det@hﬁﬂld’dl and
common |ight chain am no acid sequence, in contrast with "polyclonal"

ant i bodyy W eBarE P@H@dtaﬁéltlabé%%té‘? Artepasiisularhebsotnydnethed éfn@xeamluﬁsé drEE,
Monocl hoROg] g@n{g ed by several novel technol ogies like
phage, Oa{%g{):rt%r%l ye%?tﬁ%rgdgﬁgio orr%ﬁ%di splay, as well as classical nethods
exerrpl ified Amy"llaqlbtreddnm’mdyé,rasmcﬁ héieianisiiiuenki@lsto(réegto anzamtibodyi thetdy secr et ed

hybri do epar ybri doma t chnolo suc s the standard
RoiPer bR TR A PSR Ba G Gao Critgis SREYisis S68- Th8Lne7)
In a fuhtiv &GRS (p@&ﬁb&lﬁdbﬁndﬁﬁ@@mﬁqyyu&ﬁﬂhﬂly §e&@ﬂ'ﬁ?ﬂh‘b§@i@s Qlfat %e@i@fé&]}’y chain
vari abl e region (abbreviated herein as HCV VH) and heavy chain

const arltind axigens Othhlethhlehl&ﬁl\i 0)chaiispletod gnfd?ﬂdwle@ﬁmlﬁ@ll&dmpimw& t hree
donmi ns ht chain | ed,of ,a I| chain
o R S s R R SN S P B T R s A

const anjpedi@di MBrcoV@€ ah isghateddheibod £ RS baBibst-RELION frtS o CRARY dcHElr BatcPe

domain, CL. The VH and VL regions can be further subdivided into regi ons of
hygér va?\ﬂiﬁi@ﬂiﬁhfFftll;?alSt ermed conpl enentarity deternining regions (CDR),

i nt ersperse s " wor k
regi ons (FR?TH@I%%%F] @aldanz’ %ﬁ{:lgg%%npgg%gg%g} Q?ﬂl e%é{%st(g%n%? %&{0
arr angeN A oon sam'het@e bﬂglm' dSItB‘Bnte(boﬁﬂaliIbiﬂmy tlice¢at) thas by viteeoffisl drigin e or der :
FR1, CDR1l, FR2 ... I mmunogl obul i n npl ecul es n be of
any typéw%aéecbpolymtf@oﬂﬁaels mﬁmwp@@d W’&Aalé%la pemm of p RelynpleRfl ew@e | g&2,
I 9G3, | \9k#h tHeO: a@g&j[ gﬁg) ' r or

"neur opr ot etcﬂtel )({)yr?l re de1 S teggge ??Zgl!%rﬁ@ﬁgla% ﬁ %re%%?g%tg%r@qﬁﬁu%ﬁ?e in
pai20i cuharit iselbt Bnledrtpin sitmg; ceddes nof 0<ICh1einRNﬁure bs part dbarlgeer sequiagener at i on,
(anal yzabl e by observing preservation of RGC (Retinal Ganglion Cell) axons
in the reti nkheftem igely g@f@t@linbnr "islatiedpp lypentiste” ¢fa prafamo e lypaRNEE that
degenernat.i ra i ck e. WO
2011/ 0 oﬁw‘c&fﬁgﬁ%&ﬁfﬁ G ek bR NGB0 SREES AR AEUNI o 3oy

" neur oreegpoacmas itaniccospenpit ivitanitheatas i smwmalmed@fdtm prdswm@ﬂoﬂn whi ch
results in a repair. or re-growmh of neuronal cells, in particular cells
conpr i ShegprrecIncsicEfis gxpy By 2 RRIEFrony agidicyens presieni,or dogs DRLQEAPI 8 natyse-i ¢
Coher ence Tonography (OCT) of retina, ddiffusion tensor inmaging of optic
nerves; retinal neuron 5sprouting; The term "neutralizing" refers to
neutralization of biological activityi9of a target protein when a binding
protein specifically binds the target protein. Neutralizing nmay be the
result of different ways of binding of said binding protein to the target.
For exanple neutraI|Z|ng may be caused by binding of the binding protein

- b




10does not affect receptor binding to the target nolecule. Aternatively

bi nding of a binding protein may result in a bl ockade of the receptor

bi ndi ng twotzha/dressget , whi ch bl ockade finally neutralizesTtEreonasged
protein activity. A neutralizing binding protein is a neutralizing antibody
whose hinding to hRGM A results in neutralization of a biological activity
of hRGMAS, mlw%@eﬁhapnqhém#@uthh%lw& aisetheizedrp e sriulp; g€ hRrav A and
decrea Vi %

o 60 a5 0" Eh G @R wlciE iyl colebIS A Y BlesccPRm A0PHLAY O

hRGM A dsyocaatereertmzsinicatis gy pootoidimay gisoberendaad sﬁetaaﬂsl@sﬁedomtmﬁﬁurl ng one
or nore indicators of %RGMA bi ol.ogi cal. actﬁwtﬁ v% kno in the art. For
exanpl ESHSIAITRIABRATER by AsAlkel WIPSHHOfdR BUHHEIOR fFBMaPghWEh kBowR &) the
neuionalt out growt h assay (see Exanple 3, below). The Ntera neurite growh
assay addresses 20i nhibition of neurite outgromh. In the absence of an

i nhi bitory mtﬂn@r'&ia@ammbeﬁmagn‘&abamnitnns h@dpﬂ@@ehlabelmfg” tfpaused

UL oty e LM R ) B R ek sy, "

f r agmetusnbefiRg Binino i fosRiuByvBIcR Wdmofeediiablie M. INYpé @ BARE) thansthér ahido
nunbers of neurites. Function-bl ocking RGM A antagonists or MABs |ike mAb

5F9 newcihbichidees infee heayy préligshaigroneblc iregions afopyntbadyy Pt 4 @ttigthe pot ent

f c-,gon] RGO e 8f., the human
6 b‘f&?ﬂ? ﬁm?ln neéti\?dlq(ﬁ%ate }h?ldﬂzg }{%9%%@‘?16933? €s o?gléaq%f%ér%eritl at ed

hun'an I‘]E]'Aqreaahel.ﬂ%mSequeﬁédﬂoflPﬂg‘ednlﬁlOﬁlr@hﬂmlggzbﬂdhﬁﬁ@eI*T]thEéMIanIIGSl ength and

nunbers. The term"” neutral i zi n%nocl onal antibody" refers to a

pr epar 0P8RSt AfrfsabBy s NIFFubHcaipniNe i ad 3 tFpr threhegpeci fi ¢
a”t' gerbg%evaﬁ%l% ré@nﬁgﬂ?gﬁ;g&n?’a?ﬁb!er} hrran#E?erhl%h 9 28H BE&ﬁoHsaé o&ds o} gand

for said antigen ticul ar enbodi rrent of t e pr Esent applicati on,
t he neU DRI j aming aeidtpokitidne$0 wf 6% foe CRIRSS end ainmweretd @rsitame 96 apdd forof

t f b t d/ to B 2 d/ BMP- 4,
Co SRSk Bl St Vbl et Df Byrcar el R e Rn Fheen iog ARGt ha
Ut 1 8l jokicohs 81d BOR eIl dhli R 35 lion U0 3041 0 DRASEATLFRRALR 069120

invention are capable of binding wt A and to prevent binding to
Neogenipesinds 89 ta 9/ BWERANnd/ or BI\/P—4 and to prevent RGM A bi ol ogi cal

activity or cti e act.i vi t desa ivities such as the

b ndt ng spect e ot st 1SRk sy Rres i B Al EPa e st ¢ an

anti - hRﬁiMa‘éstlaﬁltm Radywhh@thelirnds to an RGM A antigen and/or the 5

neutral i zing potency of an antibody, for exanple, an anti-hRGJV A anti body
Se bi ndi %Blettermnﬂ@wnﬂduﬂm Keferstochgaipiresi Gigs cathimbe iveriehle sI2ioReM mvee. 9. as

det erm RM IﬁﬁM i ng assay or
hRGM Arﬁ(ﬁg 1Z'B?)l H I ng 1@@@ gﬁgdéﬁ%}gjs%;a{dg%ﬁgﬁ%%ﬁmn @’ ﬁlvﬁerra flﬁe section.
The bi dluaginizedahiibdidyy Addey RESMuA iaalnddyebatds ast Ineitedts, dslwgarlra(tnengthbel | ul ar

mgratiop. A 10special exanple of cellular mgratign.is neurite grow h,
whi ch .feﬂqw*@gd%rs%#ue.bﬁﬁﬂs& a9 AR a2 prtettél ﬁi‘/conﬁata)@oﬁﬁn (eam teiihet Bt ei ns
have begm. Qemléten@ﬁ b3k r8GhdeYh iRk ¢ Of ileRRtinb&F 1&1' (e Bit chsfred
exanpl es déscribe a synergi zi ng, potentla i ng act|V|ty of pr ot ei ns on
t hé25BM?€:pémd1myble of oneradtingewiding CRR iardandmitd rgsidicy i vorltyctcrésm(é\quvcﬁnel ns on

t he BI\/P— ch is inportant for ul ati on. of abollsm bone
and carT bR kplrepiar bl DahkThn v lredph RaijemiGihoy g 200

r egenergliagBsiddda th@felgnonq%r@lahypsl Ben%&@ thé €h&th% dFin@idnbflaaRpigblk 'h@@v;Wﬂer ein
the conponents described are in a relationship permtting themto function

i n t heiohain{tlaRyend ﬁ@r{%at defingtaant ¢ighe ﬁ@qh%’c’elhampfearwcyfkl i nked" to a codi ng
sequence i s ate eSS|0n of he di n gquence is
achi eved unc# oG i 6%%qu rrpa%lyrl%Fe D EfOPE AT nﬁ% AbhaEe

" Oper alinyigéd ‘d’(bktﬁdn tl&ﬁﬁm@ﬂ@}e‘ﬁnﬂg@ﬁ Icudlplemk s IeIWrERShOsrt. cont rol s equences t hat
are conti guous with the gene of interest and expression control %uences

that act in thegpin diofatrelrdiodhant sate ot ) dissheiagemer afantitpdy Ef@ hqhe
term %BB@%&R%&‘B%&E& 2S RAYLNGSE tRSaised herein refers to pol ynucl eoti de
I'C

sequences, are hecessary to effect the expression and processing of
codi ng sequélirasrmt Olabédliedibiidiry p@itean’ tefiat eda piloxdin esthiadabal dmdormiratsé haences

provides for the identification of the binding protein. Particularly, the label is a detectable
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25i ncl ude appropriate transcription initiation, term nation, pronoter and
enhancer sequences; efficient RNA processing signals such as splicing and
pol yadenywetzooim7sisgnal s; sequences that stabilize cytoplprasmpeoiediizo
sequences that enhance translation efficiency (i.e., Kozak consensus
sequence); sequences that enhance protein stability; and when desired,
sequendB¥keh 5. é@ﬂ?ﬁﬁﬂ?@l%qﬁaemﬁlowe@é@ﬁw acth @r ffachingnige awapee%q*ﬁ ol

sequen | loRiRs 4eR t AhASdRORN RedfighRbyot es, such
controﬁﬁée ueﬁgggsgenggg?{gsgﬂg?bde %%gngﬁkﬁéyga%% Qﬁﬁl |n I'n 8 site, and
t r anscrfiyptésoent inearkdratehpmmaequeenicethat cane]wl@ntqc(:etddfsz opgiealer@bloyimesich cont r ol

sequences i ncl.ude s.and transcri term nat.i sequence. The
Lor m " dBHRPY- I5eay RO Srof R lSREIReY B ey A ENEATS R BE s ence
i's %SSE%Q@hbﬁbtofp@i or r\A@ogﬁ)e'lhjd/eQZeOQAﬁP C ERZO10,GR912Q, @%FB gssiQn '@eng, or

processing, and can al so i ncl'ude 'addi tional conponents whose presence is
advant a9 @m)sﬂudr@arceetxlah@ii .2l Edde rrhcgiequuem trcheants Iﬂluspmm)p@uzmehc kbéglsences.

The term eot | nmeric .f

nucl eot e BorER P Biedra b1 G R RBREE. St Gl Btk erea for m

of eit hﬁd&tlﬂy}! @fbu‘pﬁ ﬁé@t&%ﬂé&%ol@eﬁh@e foped Reb %ii (i:) aﬂ@c@ncﬁﬂjﬂre@@ﬂ@ﬂ e

st randed fornms of particul arly i s doubl e-stranded DNA. The

t er m " feigy pb@mnecrepper efig rssque@ceén'gm@eg yﬁ@srfpéwnadaﬁy antibodiasomaiel Biadinghe terns
Bti r e term pol ypeptide

an a|3§m¥b eem‘gggﬁ%gﬁnﬁgggg&éﬂé%ﬂg 1ﬁﬂ%§%%ﬁg€¥l CBQ%eptern1 "pol ypepti de"

enconpasses Titteme “lotalarchirhdnet iferd Gpamgtfoim of admdlisttafioh bAGRMEnBpdtein

pol ypepti de anal ogs qof a protein sequence. A pol ypeptide may be nononeric

or poI VTR léwentlon or of g oraaHoncorBHINA Hissame shireetdy atthy wEendedrnaion ofdhe

cel 1) dodylofh &) alttQ b%‘?tfegtre Weft tGE Ui earngulsﬁﬁfo‘f&tl‘%ggﬁ&ﬂbﬁ% %t!}@s been
mtroduceg 't s e un erstood t at such terns are mgende to refer
not onIaptlomlstlhEnqlmitblb@uhcmced;ubj ect cell, but, to the progeny of such a
ceII 15 Be use ce[t d| fic aqns occ r in uccee i ng generations
dudSio eith e T RRe Nl B e Hen gy not.

in facty aheanblqﬁaﬁ hpﬁb a&t@vﬁma%lemleeelnkeremé gaﬁe b‘i&lb%lbal'a!aﬁwpéﬂhHGW' n the
scope of the term"host cell" as used herein. Particularly host cells

i ncl ude%ﬂ’x@daliayromr@ydawneuwaasmtr|acie@1eh$esms1@d wegadde pﬁm:emn aftivityeorKi ngdons

of lif Partl ul ar kar £e s inc ngal | ant and

oni il e RE oL B RS RENRRf, ES et S PRER bRt B Realt T i red to
the pr QKaﬁ&@uautcareelb{ luhltéd?toEbm@ﬁigl chafmeRBlidsatnlatic hithas;, &ﬂgecéﬁfr 293 and
COS; the insect cell line Sf9; and the fungal cell Saccharomyces

cerByi gichwation, and signeh fgBSCE@Thni ques may be used for reconbi nant DNA,

ol i gonucl eot h "

ol ect ropor at TS PG, e kB oi BRNE: R (b RAREa BT AL The BFalEnd

t echni cunemtmmyomnamﬂ eftamadlcade of ditergst i@ grarufislogicalelctisitg pEERGM AY.iFars or
as comonly accorrpLiléqsihed in the art oré1as descrj bed herein. The foregoing
t echni cﬁ?ré%lpﬁ’nél J?aé’scaﬁé“}/alb’élcij’éi'?e‘?r GPS?ai?elet %@1%88 Elic%a“tl getivity
Conventdr 10%%?%6%?& ko tﬂefnla iflde Ak &ﬁv%ﬁ InP&sh ¢ 615&6%%8'119”5
gener al nore speclific references at are cite d| scusse

t hi2dug I’thd:l absleht@ qfrth@mnﬂulsmecTHa tcian ' qgonisBees meg hereBa rrbﬁetsctk! agbodallatobhigcul ar

Cl onin 30 A Laho 2d ed Har bor, L t.ory

pr oss. JestpoRiE A it BOICCER OF intp Eeig i 4o Lisarean ko or e 808 RBTER n’ by
refer e%ﬁvﬁ@ér ﬁﬂb’tld?%fﬁﬁéﬁlolecule corn B&d&@'ﬂ[@ mAEHRAADbPARGcHUNBS ARtidaody”, as
used herein, is intended to include all human anti bodi es t'hat are prepared,
expr esgdderved sethe dbssncd @ﬁihetammijare@dmgQams qfelanlsst myyoinclude, but are not

2011/ 070045P 0/ 069120 such, as t| bo L es. ssed .usin

Feconbi HALG Guprasbrdnirentes o PANERuBRb R RIERIR BPORER S sl Poben

f uebhermaemw)thataﬁhdi ROk @™ ASThederd ”ﬁﬁt@gﬁrﬁ’st'f @R herM, refeoidh medditbal  human
anti body library (HoogenboomH R, (1997) TIB Tech. 15: 62- 70: Azzazy H.,
and Hi gﬁenwhw gangacted wiln g ynadgquis ofEnisEREeAusSES: deppmsaipghe apgnitelsdd 21, V., and
Larric nd Chanes
P. (20&3}1t Cﬁ%???%%@lﬁﬁi%dlaﬁ%mo ﬁl%\’éﬁmf[]eag%t%h %Smoéﬁgtgg?ggﬁgf%e%{n yr(%m an

ani mal fiect®n,obacriedidethe bbsahcd of the amsgeatist CELcmip 1oy rmatago nists gl deh bl arc genes
(see e.g., Taylor, L. D., et al. (1992) Nucl. Acids Res. 20: 6287-6295;

Kel lermann S-A., and Green L.L. (2002) Current Opinion in Biotechnol ogy 13:
593-597; Little M et al (2000) Imunol ogy Today 21: 364-370) or anti bodies
prepared, expressed, 10 created or isulated by any ot her neans that

i nvol ves splicing of human i mmunogl obul i n gene sequences to other DNA
sequences. Such reconbi nant human antibodi es have variabl e and constant
regi ons deri ved from human ger m | ne | rrrrunogl obuI | n sequences. I n certal n

R T L o o o o o -, o



15 nut agenesis) and thus the am no acid sequences of the VH and VL regions
of the reconbi nant antibodi es are sequences that, while derived from and
rel at ed twohunmorogsr i ne VH and VL sequences, may not mratrmpradloperze st
vvithi n the human anti body germine repertoire in vivo. The term
"recovering" refers to the process. of rendering a chem cal species such as

a 20polipHEpticd . mglﬂlarnepaqiqwaﬁtw@éleé,fpeﬁam%% P%fba@édé%t%?fe“cﬂna@o‘??ﬁ@ﬁent s by
i sol ati i i chni ques well known in the
art. rﬁ&ecﬁﬁgpf%tﬁ%d&%N%r@S?ﬂsl%t grgl frll%gﬁﬁrr%lgggsltzgyer of the retina and is

principally Ramkpﬂmadtagbnm@tﬁmtémsmmgaatﬂgﬂhomhméjld)cmun@dlﬂatb &t biclogpeb® t he

optic nerve. The rentl er structure r ses .s nner nost RNFL
f ol | owe BIBHPOIqRE }V&%.ﬂ?&&ﬁ%ﬁ,éﬂt@% s ofy e}aydvﬂ%?% BT 5o] ayer
(OPk) , [1hecdBobBISEERIQIc h&U8 cafioRYdrarl dortalﬂ? oﬂ%ﬁr hiAdcuRis OWRRA baRI thhel | um

(RPE). In healthy individuals, the"RNFL i's only about 110-120 | amthick by
t he agdR§iM1A, I;I@an@noezmahvgfmd@s that interdétwiithutk R GvIA momleabcshoulo b017 % per

year in retin t hi ckness. Whi uat es 60 years
{changde ke i GRS RCRRAMESRy of g ard R Baiad byt he
CCT metihaddas11das6biahe do Myofchah BRNmey babscfdoy fditieabyh&gitiofurchibgikpess 30
may al so be designated "nornal " RNFL degeneratl on. %degeneratl on or
| oss ofagehpicrplbinls disreses. or greater than said "normal" degeneration may also
be 18651 90 Sty AWORKIBH aBloos RAGST, L BhAon FLEBORRRRAIG ik,
exanpl shakev@ntin®?h&vy chiin aﬂ&&ﬁﬁﬁh@l’éﬁﬂéﬁﬁ(ﬁhﬁﬁ%ﬁ%@@&i&ﬁn@bﬂy&t @ith % or

above 1% or abpove 5% or above 10 % or above 20 % per year, as for exanple
1 to 10Podvglongl taatléodmﬁeparﬁfmsrﬁ%at contain a mpdure Of giftorpgtanileskster at i on”

enconp ?ﬁ%g
t hi ckn gggﬁ(f%s S egntg% '&'Eﬁg algﬁl‘gﬁeﬂepatﬁ@% keéﬁj%a@é%\r]f%%;%?@élﬁ % gjéé t ]g Er oadest
s ense. ylastlir ollboglmaildlsgh\ryphsewell asclased] tmeﬁledmexelmpﬂﬁcd by hybudorna;-dﬁm‘tedl imted

any a of a stanefro a. IVII’] orrrerlyliving
it B (e g ReBE0 oGy © Bkt daé mgkered G b o Tios o ce,
rats, npeEkeyse s@adsd m«l@&lahé MR b6 d ﬁ@dhed01§g§: m@wmmﬁkee%l i ude,
but are not limted to, blood, serum urine, synovial fluid, ceIIs or gans,

ti ssuest97bone marrow, |ynph nodes and 1OSpI een The ternms "specific

bi ndi ng” or ,'s ificall |nd er.ei.n n_reference 1.0 t he
"t er act i on BRIl bty V-85 Bty ARl o BB o W R LR R Crem ca
speci esegidBaibbidadted heeinrhtse{cavmo@ VH)Sand @IRBAL SHait BBt DR gRe SEHRAR G 2
partlcular structure (e.g., . an "antigenic determ nant” or "epitope" as

defOnedhpid) conytagiricging Lcepamrisad o hiers dosnainsy CHdx i) and leé%mE@ﬁhtligbéa@am

ki t
oM SRS 98] O SRRELLSSRIALEL A BRS¢k LR 180
pr esenahaimfcoastaml regluheThe hglai dhhm@oestaﬁtcrpgoms( cmmﬁrrse@of unn:l cahﬁdle,cCIA) Thé n a

reacti on cont ai ni ng | abel nd the ant | bod Wi | | duce the amount of
| abel ed"A 286 Yidregwns fan %ﬁr@%vbﬁww HIBIOFFEIRNT ¢ ahﬁ@emae% > fg88fhance”

refers Joﬁlp@éan&%ﬁtga&eﬂhﬁ faﬂs R),ahd L?eges&?mﬁ régienseﬁal ¥Shprof real-time
bi ospecifrc inter ctlons etetlono terations In protein

coden tqoasarmds tamumicéh ifnanawbrlomgnms (FRoatlfack, VI end ¥tarpbmpesidog th:rb@CBRAc ore

system ia Bi o nsor AB, H][:]) sa a, wae en and. P!& ﬁﬁlt %é/ For
further F‘%?%ge énﬁlB}?g R v °°é"f G- temgesi tag i logiiiyg or |n 51
19- 26; Flenm FH2, CBIR22IFR3( &BR3) FR O1BRIAG Y8 Hinlho 1cBABs ca@%@ﬁhﬁ?'ﬂﬁﬁon B.,
et al. (1995) 1 Mbt. Recognit. 8 125-131; and Johnnson, B., et 1991)
25 Anal(c-gBilgghketh 1gdgleD268A amylgY), class (Fige Ig@hﬁ%@y@@rﬂxﬁ‘hﬂ@éﬂ ﬁé@hig‘A% efers
to any frortr)rélé)sfs adm ni stration of the binding protein of the invention or of
a formil'atTon cont ai ni ng the sane to the body of a manmmal to be treated so
thao the bi ndictgrmprduedprotcedati@®s “hhigoprotceicietefrane wdatmentrvaiéiopeetitye or
neuroregeneratl ve action via the bl oodstream_ For exanple, systemc

adni ni skpERbEFlisoBmeBifyES seib qommisingrPells of thie &Nk o frowrdampge By ﬁ%ﬁeﬁ@fab?@)t ein

of L e (IMEALIAR Qe AU AR A EADCRRN ALALIACHIS ) oTIR i ATeting

transf tion 0 any process'b exogenous enters a host
cell. ‘Ifr(anslégmmmmnmrnnbabmmnmf “ahmbennalﬁdtNFIatiegmeratimh ticegumible oiadNFlons usi ng
vari ous 11/ 0700 5P /EP2010/ 069120

thlckness osses as define oVe.
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met hods well known in the art. Transformation may rely on any known net hod
for the insertion of foreign nucleic acid sequences into a prokaryotic or
eukar yot iwohostto7embs! . The nethod is sel ected based on tireThEP3d10@641020 bei ng
transfornmed and may include, but is not limted to, viral infection,

el ectroporation, lipofection, and particle bonbardment. Such 5"transforned"
cel I's i ncl udehededh NEUFQTSRICELIYE O dICHEOTFEFNGHIT e ehds foisEsat@anteeerdiige apabl e
of reply i i S j i | i part of
Fhe. hosy T A R e R B DI o5, B2 ¢ e
i nser t edniphdingree RN  damd gediRNICL, enal yrelbledfy, tarreamiflecOpe Qolidremmesgeni ¢
organi sy refers to an organi.sm.having cells that. contain.a, 10 transgene,
wher ei fﬂm@greﬁaﬁ%‘éﬁ)@'}mﬁo@}@ﬁ%ov TS LB PLOPUS TSRS, A1 TRhERERRY of t he
or ggni %ﬁﬂou@iﬁg{ esses a pol ypeptide not naturally expressed in the organi sm
A "transgene”™ is a DNA construct, which is stably and operably integrated
into the genbdwecof “reugrelizing’t tfieravin ndutralization od bvlegion geivigrofdewecops,
directing, the, expressi on of an encoded n roduct i e.or nore cel
Lypes oPOISLEHELE bFiete e diyaicay MgdrTne e Berpaiin SR ELTHERE 167 rueL
degener akilp8f difefcdt &ayLofihding BEsAidBIARE Hrotin(ib 11 taRUR) cRitfblthe
prophylactic, treatnment of RNFL degeneration. Said treatnent nmay be

" neur or eydisbziag mpy begrused dyrtopting etthe bandingprotpin eicgiontof tigtarast whicher in
t he,f or f - | . Q. " o rm " .or." refers
to 8 nirSrePul R asmRtinding I B S, bl SR TR M mal iy SEE oS53 ins 2t o
t 0o whi cprotdin hag rédairin bibikkade dnie teypoobindidg t@theitsrgat, Whlichsbibekade Whalgh
refers to a _circul ar double stranded DNA | Qop .i nt o which additional DNA
segment ¥ualizesdhe tageet REPtCARSHHIEF A PpHrabringdundipg potein 5 4 BRUtRREENgr | wher ei n
additio %?HE ] | i i Lk 0 - tain
vectorsﬁg#gggﬁgg e g%ggﬂ?%ﬁgﬁéﬂggﬁég P@g%g%%ﬁﬁHﬁguﬂ%%gﬁgggﬁwygﬁg whi ch

t hey ar eRGM AoBatiedarletlg. neutyaliieg biatinggrotomsbimdsiR(GMaA bad tieareaks @r i gi n of

|i cat.ipn.?2 d .epi | ' t .g.,
oS W REIC R ARG DA NRLYIch By SER BES TPy 4l e i 8V e GBSt a host
cel | upRBytkdHA@RSHEH El@ll\ogfbrapacttﬁ%ﬁy BeaRGRL I by ARGt ENSIE B B Eplotin thAlLd al ong

wi th the host genone. reover, certain vectors are capable of directing
t he exprsesstdby okagyeneont or worchdichioys alrR @leh didlegital abfivikeds!l Buein wect or s

are refegrred.to herein as."reconbi t, expression.vectors. . (or sinmply,

Mexor esOrafl- bceareR Rzl aR BRI AFERLEIR AR RSN be ol

r econbi siapioweNAssh @ CRBIER RS 1, Beldit) EThd Neckd e idd Flodfth Pdsasp Add#sssed N t he

present specification, "plasm d* and "vector” may be used int erchar:%eably
e

as 2Phe phidtianehngurifouigrawths dnthsrabyengs edian syhiiery BQ]EM d¥ DrofghneR/ Ergme
Such a0 P3P OETFEr b8 QI HS FA Gl L0 e Fon TR0 07 669150

def ect | Mgreé@tascliow ws estenside malddnys egwandoBelegiowassomiridse B G AUsEsGM whi ch
serve etfqrui val ent _functions. The term "vernier zotrfe" refers to a .subset of

f r amewol RETPYILS IEL neygife opigrondh. yeyultespngequged (g S QfisuEilse fit to
anti gen deser : v . ' A BL Qs 224

487- 4991,:&%}11?%%%{% ﬁ%ﬂ%@;%ﬂng%gﬁagg er0 el nA%§11$%&%r%e5r% e%e.u ﬁ%/%%%'rﬁi iﬂé%hézugrtlee resi dues
f o2t a bdwyewthndeyitoyy agtivityerf @RRter de-nanyugatpdoR Goh Atlhght shain fhgmentof CDRs
and t he af.fini. f the.anti body, .. Use.of A Ant.i bodi es.. 10The

Ao 1 o et Rl a P gk ToF B bSO A Wi EP R FOBS iR es

bi ndi ngo fiffeMifed Burhbd NTeFERURINs N%@lﬂﬁﬁl% th A4ebnzAnene iNRERNOUSBAL dind
proteins 2 and 4 (BVMP-2, BWP4). The neutralizing nonocl onal anfi bodies

st i mul amwmbasgyr ont h of injured or damaged nerve fibers and formation of
functional napses of r.egenerating nerve,fibers, and to induce

| ong- d ot anche gt i GRE PEHOM DRLSS, S RRGEar e B R AR | oy ury
angoi t radiseule) hanmaspoddindny el tho spdcit HifighesicAbRAo @BpERGAN RiHAbt g nerve
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25  include appropriate transcription initiation, termination, promoter and enhancer sequences;

efficient RNA processing signals such as splicing and polyadenylation signals; sequences that
stabilize cytoplasmic mRNA; sequences that enhance translation efficiency (i.e., Kozak
consensus sequence); sequences that enhance protein stability; and when desired, sequences
that enhance protein secretion. The nature of such control sequences differs depending upon
30  the host organism; in prokaryotes, such control sequences generally include promoter,
ribosomal binding site, and transcription termination sequence; in eukaryotes, generally, such
control sequences include promoters and transcription termination sequence. The term

"control sequences” is intended to include components whose presence is essential for
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51 environmental influences, such progeny may not, in fact, be identical to the parent cell, but

are still included within the scope of the term "host cell” as used herein. Particularly host
cells include prokaryotic and cukaryotic cells selected from any of the Kingdoms of life.
Particular eukaryotic cells include protist, fungal, plant and animal cells. Most particularly
20  host cells include but are not limited to the prokaryotic cell line E. coli; mammalian cell lines
CHO, HEK 293 and COS; the insect cell line Sf9; and the fungal cell Saccharomyces
cerevisiae.
Standard techniques may be used for recombinant DNA, oligonucleotide synthesis,
and tissue culture and transformation (e.g., electroporation, lipofection). Enzymatic reactions
25  and purification techniques may be performed according to manufacturer's specifications or
as commonly accomplished in the art or as described herein. The foregoing techniques and
procedures may be generally performed according to conventional methods well known in
the art and as described in various general and more specific references that are cited and
discussed throughout the present specification. See e.g., Sambrook et al. Molecular Cloning:
30 A Laboratory Manual (2d ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y. (1989)), which is incorporated herein by reference for any purpose.
The term "recombinant human antibody", as used herein, is intended to include all

human antibodies that are prepared, expressed, created or isolated by recombinant means,
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such as antibodies expressed using a recombinant expression vector transfected into a host
cell (described further below), antibodies isolated from a recombinant, combinatorial human
antibody library (Hoogenboom H.R., (1997) TIB Tech. 15: 62-70; Azzazy H., and Highsmith
W.E., (2002) Clin. Biochem. 35: 425-445; Gavilondo J.V., and Larrick J.W. (2002)

5  BioTechniques 29: 128—145; Hoogenboom H., and Chames P. (2000) Immunology Today 21:
371-378 ), antibodies isolated from an animal (e.g., a mouse) that is transgenic for human
immunoglobulin genes (see e.g., Taylor, L. D., et al. (1992) Nucl. Acids Res. 20: 6287-6295;
Kellermann S-A., and Green L.L. (2002) Current Opinion in Biotechnology 13: 593-597;
Little M. et al (2000) Immunology Today 21: 364-370) or antibodies prepared, expressed,

10  created or isolated by any other means that involves splicing of human immunoglobulin gene
sequences to other DNA sequences. Such recombinant human antibodies have variable and
constant regions derived from human germline immunoglobulin sequences. In certain
embodiments, however, such recombinant human antibodies are subjected to in vitro
mutagenesis (or, when an animal transgenic for human Ig sequences is used, in vivo somatic

15 mutagenesis) and thus the amino acid sequences of the VH and VL regions of the
recombinant antibodies are sequences that, while derived from and related to human germline
VH and VL sequences, may not naturally exist within the human antibody germline
repertoire in vivo.

The term “recovering” refers to the process of rendering a chemical species such as a

20  polypeptide substantially free of naturally associated components by isolation, e.g., using
protein purification techniques well known in the art.

The term “RNFL” is the innermost layer of the retina and is principally composed of
axons from ganglion cell neurons that compose the optic nerve. The rentinal layer structure
comprises said innermost RNFL followed by inner plexiform layer (IPL), the outer plexiform

25  layer (OPL), the photoreceptor layer (PRL) and the retinal pigment epithelium (RPE). In
healthy individuals, the RNFL is only about 110-120 um thick by the age of 15 years and
most normal individuals will lose about 0,017 % per year in retinal thickness which equates
to about 10-20 um over 60 years (changes in the thickness of RNFL may, for example, be
determined by the OCT method as described by Frohman et al, above). Said loss of thickness

30  may also be designated “normal” RNFL degeneration.

A degeneration or loss of thickness above or greater than said “normal” degeneration
may also be designated as “abnormal” or “disease-related” RNFL degeneration. In particular

such abnormal losses of thickness may be above 0, 017% , as for example above 0,02 % , or
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above 0,1 %, or above 1%, or above 5%, or above 10 % or above 20 % per year, as for
example 1to 10 % or 2 to 5 % per months.

The term “RNFL degeneration” encompasses both normal and, in particular,
abnormal, disease-related thickness losses of the RNFL.

5 The term "sample" is used in its broadest sense. A “biological sample”, as used
herein, includes, but is not limited to, any quantity of a substance from a living thing or
formerly living thing. Such living things include, but are not limited to, humans, mice, rats,
monkeys, dogs, rabbits and other animals. Such substances include, but are not limited to,
blood, serum, urine, synovial fluid, cells, organs, tissues, bone marrow, lymph nodes and

10  spleen.

The terms "specific binding" or "specifically binding", as used herein, in reference to
the interaction of an antibody, a protein, or a peptide with a second chemical species, mean
that the interaction is dependent upon the presence of a particular structure (e.g., an
“antigenic determinant” or “epitope” as defined below) on the chemical species; for example,

15 an antibody recognizes and binds to a specific protein structure rather than to proteins
generally. If an antibody is specific for epitope "A", the presence of a molecule containing
epitope A (or free, unlabeled A), in a reaction containing labeled "A" and the antibody, will

reduce the amount of labeled A bound to the antibody.

The term "surface plasmon resonance" refers to an optical phenomenon that allows
20  for the analysis of real-time biospecific interactions by detection of alterations in protein
concentrations within a biosensor matrix, for example using the BIAcore system (Pharmacia
Biosensor AB, Uppsala, Sweden and Piscataway, NJ). For further descriptions, see Jonsson,
U., et al. (1993) Ann. Biol. Clin. 51: 19-26; Jonsson, U., et al. (1991) Biotechniques 11: 620—
627; Johnsson, B., ef al. (1995) J. Mol. Recognit. 8: 125-131; and Johnnson, B., et al. (1991)
25  Anal. Biochem. 198: 268-277.

The term “systemic treatment” refers to any form of administration of the binding
protein of the invention or of a formulation containing the same to the body of a mammal to
be treated so that the binding protein reaches the intended place of neuroprotective or
neuroregenerative action via the bloodstream. For example, systemic administration

30  encompasses infusion or injection of the binding protein of the invention or a formulation
containing the same.

The term “transformation” refers to any process by which exogenous DNA enters a

host cell. Transformation may occur under natural or artificial conditions using various
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methods well known in the art. Transformation may rely on any known method for the
insertion of foreign nucleic acid sequences into a prokaryotic or eukaryotic host cell. The
method is selected based on the host cell being transformed and may include, but is not
limited to, viral infection, electroporation, lipofection, and particle bombardment. Such
"transformed" cells include stably transformed cells in which the inserted DNA is capable of
replication either as an autonomously replicating plasmid or as part of the host chromosome.
They also include cells which transiently express the inserted DNA or RNA for limited

periods of time.

The term “transgenic organism” refers to an organism having cells that contain a
transgene, wherein the transgene introduced into the organism (or an ancestor of the
organism) expresses a polypeptide not naturally expressed in the organism. A “transgene” is
a DNA construct, which is stably and operably integrated into the genome of a cell from
which a transgenic organism develops, directing the expression of an encoded gene product
in one or more cell types or tissues of the transgenic organism.

The term “treatment of RNFL degeneration” refers to both the therapeutic (i.e. acute)
and the prophylactic, treatment of RNFL degeneration. Said treatment may be
“neuroregenerative” or ‘“neuroprotective”; said treatment may be either in the form of a
“local” or a “systemic” treatment.

The term "vector” refers to a nucleic acid molecule capable of transporting another
nucleic acid to which it has been linked. One type of vector is a "plasmid", which refers to a
circular double stranded DNA loop into which additional DNA segments may be ligated.
Another type of vector is a viral vector, wherein additional DNA segments may be ligated
into the viral genome. Certain vectors are capable of autonomous replication in a host cell
into which they are introduced (e.g., bacterial vectors having a bacterial origin of replication
and episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors)
can be integrated into the genome of a host cell upon introduction into the host cell, and
thereby are replicated along with the host genome. Moreover, certain vectors are capable of
directing the expression of genes to which they are operatively linked. Such vectors are
referred to herein as "recombinant expression vectors" (or simply, "expression vectors"). In
general, expression vectors of utility in recombinant DNA techniques are often in the form of
plasmids. In the present specification, "plasmid" and "vector" may be used interchangeably as
the plasmid is the most commonly used form of vector. However, the invention is intended to

include such other forms of expression vectors, such as viral vectors (e.g., replication
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defective retroviruses, adenoviruses and adeno-associated viruses), which serve equivalent
functions.
The term "vernier zone” refers to a subset of framework residues that may adjust
CDR structure and fine-tune the fit to antigen as described by Foote and Winter (1992, J.
5  Mol. Biol. 224: 487-499, which is incorporated herein by reference). Vernier zone residues
form a layer underlying the CDRs and may impact on the structure of CDRs and the affinity
of the antibody.

2. Use of RGM A Antibodies

10 The neutralizing monoclonal antibody against RGM A, selectively inhibits binding of
RGM A to its receptor Neogenin and to bone morphogenetic proteins 2 and 4 (BMP-2, BMP-
4). The neutralizing monoclonal antibodies stimulate regrowth of injured or damaged nerve
fibers and formation of functional synapses of regenerating nerve fibers, and to induce long-
distance regeneration in an iz vivo rat model of optic nerve injury and it also enhances

15  remyelination of lesioned and regenerating nerve fibers (see PCT/EP2009/001437).

Surprisingly, it was observed that the antibodies against RGM A are associated with
an additional not yet recognized direct therapeutic effect on the RNFL. In particular, patients
suffering from an ocular disease associated with RNFL degeneration or bearing the risk of
RNFL degeneration may be treated with an antibody molecule as defined herein. The present

20  invention is also based on the surprising finding that systemically administered antibodies of
the present invention are localized in the retina and exert their beneficial effect directly at the

diseased region of the eye.

Thus, for the first time, a method of directed treatment of a specific group of patients
aiming at the protection against RNFL degeneration or aiming at regeneration of already
25  degenerated RNFL using antibodies capable of binding RGM A s provided herein.
Another embodiment relates to neuroprotective treatment of RNFL degeneration as
observed in a multiplicity of disease conditions using antibodies capable of binding RGM A.
Another embodiment relates to the use of a monoclonal antibody that blocks RGM A
and prevents the interaction between RGM A and its receptor and/or binding proteins, i.e.
30  Neogenin and BMP-2, BMP-4, for the treatment of RNFL degeneration.
Another embodiment of the invention relates to binding protein for human RGM A

for use in the treatment of RNFL degeneration.
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In another embodment, said treatment is an therapeutic or prophylactic,
neuroregenerative or neuroprotective, local or systemic treatment.

In another embodment,, as a result of said treatment

a. retinal neuron sprouting is observed; and/or
5 b. RGC (Retinal Ganglion Cell) axons in the retina are preserved from
degeneration.

According to one aspect, the present invention provides a binding protein that
dissociates from human RGM A (hRGM A) with a Kpy of 1 x 10-7 M or less and a kofrrate
constant of 1 x 10-2 s or less, both determined by surface plasmon resonance for use in the

10  treatment of RNFL degeneration.

According to another aspect, the invention relates to a binding protein, as for example
a binding protein showing the above kinetic features, that binds to human RGM A and
neutralizes the neurite outgrowth inhibitory activity of human RGM A as determined in a
standard in vitro assay, as for example the Ntera neuronal outgrowth assay as exemplified in

15 Example 3, below for use in the treatment of RNFL degeneration.

Another embodiment also relates to a binding protein for a use as defined above,
having at least one of the following additional functional characteristics:

binding to rat RGM A,

binding to human RGM C, and

20 binding to rat RGM C.

In another embodiment, the binding protein as defined herein modulates the ability of
RGM to bind to at least one of its receptors. Such binding protein binds to a receptor binding
domain of human RGM A. For RGM A a N- and a C-terminal receptor binding domains have
been identified. Particular embodiments of the binding proteins of the invention bind to the

25  N-terminal receptor binding domain of RGM A, as illustrated by the inhibition of binding
between an N-terminal hRGM A fragment, as for example 47-168 and receptor molecules,
like Neogenin and BMP-4. Said N-terminal hRGM A fragment may have a total length of
about 30 to about 150 or about 30 to about 122 amino acid residues. As a non-limiting
example Fragment 0 (corresponding to the N-terminal residues 47-168) of hRGM A as

30  described herein or any shorter receptor binding fragment may be mentioned.

In another embodiment said binding protein modulates or inhibits, at least one of the
following interactions:

binding of human RGM A to human BMP-4.

binding of hRGM A to human Neogenin,
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NO. :56 I n anot her enbodi nent, said binding protein conprises at
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of ;. VH 5R®02011/070045 VH 5F9 CDR-H1 Resi dues 31-35 of pBE®@rPRB0ME120 34 SEQ
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binding of hRGM C to human Neogenin,
binding of human RGM A to human BMP-2.
According to a particular embodiment, the binding protein as herein defined is a
humanized antibody.
5 The binding protein as described above may have an antigen binding domain, said
binding protein capable of binding an epitope of an RGM molecule, said antigen binding
domain comprising at least one CDR comprising an amino acid sequence selected from the

group consisting of

GTTPDY (SEQ ID NO:59),

10 FQATHDPLT (SEQ ID NO:62),
ARRNEYYGSSFFDY (SEQ ID NO:65),
LQGYIPPRT (SEQ ID NO:68), and

modified CDR amino acid sequences having a sequence identity of at least 50 % to one of

said sequences. In another embodiment the present invention relates to a binding protein,
15 comprising an antigen binding domain, said binding protein being capable of binding an

epitope of an RGM molecule, said antigen binding domain comprising at least one CDR

comprising an amino acid sequence selected from the group consisting of:

GTTPDY (SEQ ID NO:59),
FQATHDPLT (SEQ ID NO:62),

20 ARRNEYYGSSFFDY (SEQ ID NO:65),
LQGYIPPRT (SEQ ID NO:68), and

modified CDR amino acid sequences having a sequence identity of at least 50%, as for
example at least 55, 60, 65, 70, 75, 80, 85, 90, 95 % identity to one of said sequences.
For example, said binding protein may comprise two of said CDRs, as for example
25 SEQID NO:59 and 62; or SEQ ID NO:65 and 68; wherein at least one of said CDRs may be
modified, having a sequence identity of at least 50 %, as for example at least 55, 60, 65, 70,
75, 80, 85, 90, 95 % identity to one of said sequences.
Said binding protein may further comprise at least one CDR comprise an amino acid
sequence selected from the group consisting of SEQ ID NO:57, 58, 60, 61, 63, 64, 66, 67 and
30  modified CDR amino acid sequences having a sequence identity of at least 50 %, as for
example at least 55, 60, 65, 70, 75, 80, 85, 90, 95 % identity, to one of said sequences.
In another embodiment, said at least one CDR comprises an amino acid sequence

selected from the group consisting of:
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SEQ ID NO: 57 Residues 31-35 of SEQ ID NO.:34
SEQ ID NO: 58 Residues 50-66 of SEQ ID NO.:34
SEQ ID NO: 59 Residues 99-104 of SEQ ID NO.:34

SEQ ID NO: 60 Residues 24-39 of SEQ ID NO.:10
SEQ ID NO: o6l Residues 55-61 of SEQ ID NO.:10
SEQ ID NO: 62 Residues 94-102 of SEQ ID NO.:10

SEQ ID NO: 63 Residues 31-35 of SEQ ID NO.:55
SEQ ID NO: 64 Residues 50-66 of SEQ ID NO.:55
SEQ ID NO: 65 Residues 97-110 of SEQ ID NO.:55

SEQ ID NO: 66 Residues 24-34 of SEQ ID NO.:56
SEQ ID NO: 67 Residues 50-56 of SEQ ID NO.:56
SEQ ID NO: 68 Residues 89-97 of SEQ ID NO.:56

In another embodiment, said binding protein comprises at least 3 CDRs which are

selected from a variable domain CDR set consisting of:

VH 5F9 set
VH 5F9 CDR-H1 Regidues 31-35 of SEQ ID NO.:34 SEQ ID NO:57
VH 5F9 CDR-H2 Residues 50-66 of SEQ ID NO.:34 SEQ ID NO:58
VH 5F9 CDR-H3 Residues 99-104 of SEQ ID NO.:34 | SEQ ID NO:59
VL 5F9 set
VL 5F9 CDR-L1 Regsidues 24-39 of SEQ ID NO.:10 SEQ ID NO:60
VL 5F9 CDR-L2 Regidues 55-61 of SEQ ID NO.:10 SEQ ID NO:61
VL 5F9 CDR-L3 Regidues 94-102 of SEQ ID NO.:10 | SEQ ID NO:62
VH 8D1 set
VH 8D1 CDR-H1 Regidues 31-35 of SEQ ID NO.:55 SEQ ID NO:63
VH 8D1 CDR-H2 Regidues 50-66 of SEQ ID NO.:55 SEQ ID NO:64
VH 8D1 CDR-H3 Regidues 97-110 of SEQ ID NO.:55 | SEQ ID NO:65
VL 8D1 set
VL 8D1 CDR-L1 Residues 24-34 of SEQ ID NO.:56 SEQ ID NO:66
VL 8D1 CDR-L2 Regidues 50-56 of SEQ ID NO.:56 SEQ ID NO:67
VL 8D1 CDR-L3 Regidues 89-97 of SEQ ID NO.:57 SEQ ID NO:68

or a variable domain set wherein at least one of said 3 CDRs is a modified CDR amino acid
sequence having a sequence identity of at least 50 %, as for example at least 55, 60, 65, 70,
75, 80, 85, 90, 95 % identity, to the parent sequence
Each of said above mentioned modifications may be generated by single or multiple
10  amino acid addition, deletion, or, in particular, substitution, or combinations thereof.
In another embodiment, the binding protein comprises at least two variable domain

CDR sets.
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Resi dues 55-61 of SEQ ID NO :10 SEQ ID NO 61
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Said at least two variable domain CDR sets are selected from a group consisting of:
VH 5F9 set& VL 5F9 set; and
VH 8D1 set & VL 8D1 set

5 The binding protein as used according to another embodiment of the invention further
comprises a human acceptor framework.
Said human acceptor framework may comprise at least one amino acid sequence
selected from the group consisting of SEQ ID NO: 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27,28, 29, 30, 31, 32 and 33.

10 The binding protein of the invention may comprise at least one set of framework
sequences selected from the group consisting of the sets:
(1)  VH3-48 set (SEQ ID NO: 15, 16 and 17)

VH3-33 set (SEQ ID NO: 21, 22 and 23)
VH3-23 set (SEQ ID NO: 24, 25 and 26)
15 cach of which sets being combined with a further framework sequence,
selected from
JH3 (SEQ ID NO:18),
JH4 (SEQ ID NO:19),
JH6 (SEQ ID NO:20);
20 or
(2) selected from the group consisting of the sets
A18 set: (SEQ ID NO:27, 28 and 29)
A17 set: (SEQ ID NO:31, 32 and 33)
cach of which sets being combined with a further framework sequence,

25 selected from JK2 (SEQ ID NO:2)

The binding protein as defined above comprising at least one CDR- grafted heavy
chain variable domain selected from SEQ ID NO:35, 36, 37, 38, 39, 40, 41, 42, and 43;
and/or at least one CDR-grafted light chain variable domain selected from SEQ ID NO:44,
45, and 46.

30 The binding protein as used according to another embodiment of the invention
comprises a combination of two variable domains, wherein said two variable domains have
amino acid sequences selected from :

SEQID NOs: 35 & 44 ;36 & 44 ;37 & 44 ;38 &44;39& 44;40& 44 ;41 &44;42 &
44 ;43 & 44 ;

33



VL 5F9 CDR-L3 Residues 94-102 of SEQ ID NO :10 SEQ ID NO 62 VH 8D1 set
VH 8D1 CDR-Hl Resi dues 31-35

10

15

20

25

30

WO 2011/070045 PCT/EP2010/069120

SEQID NOs: 35 & 45 ;36 & 45 ;37 &45;38&45;39&45;40&45;41 &45;42&
45,43 & 45
SEQID NOs: 35 & 46 ;36 & 46 ;37 & 46 ;38 &46 ;39 & 46 ;40 & 46 ;41 &46;42 &
46 ;43 & 46 ;

In another embodiment of the invention, said human acceptor framework of the
binding protein as used according to the invention comprises at least one framework region
amino acid substitution at a key residue, said key residue selected from the group consisting
of:

a residue adjacent to a CDR;

a glycosylation site residue;

a rare residue;

a residue capable of interacting with a RGM epitope;

a residue capable of interacting with a CDR;

a canonical residue;

a contact residue between heavy chain variable region and light chain variable region;

a residue within a Vernier zone,

an N-terminal residue capable of paraglutamate formation and

a residue in a region that overlaps between a Chothia-defined variable heavy chain

CDR1 and a Kabat-defined first heavy chain framework.

Said key residues are selected from the group consisting

(heavy chain sequence position): 1, 5, 37, 48, 49, 88, 98

(light chain sequence position): 2, 4, 41, 51

In a particular embodiment, the binding protein as used according to another
embodiment of the invention is or comprises a consensus human variable domain.

According to another embodiment of the binding protein as used according to another
embodiment of the invention, said human acceptor framework comprises at least one
framework region amino acid substitution, wherein the amino acid sequence of the
framework is at least 65 %, as for example at least 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99 %,
identical to the sequence of said human acceptor framework and comprises at least 70 amino
acid residues, as for example at least 75, 80, or 85 residues, identical to said human acceptor

framework.

34



of SEQ ID NO. :55 SEQ ID NO 63 VH 8D1 CDR-H2 Resi dues 50-66 of SEQ I D NO
:55 SEQ I D NO 64 VH 8D1 CDR-H3 Residues 97-110 of SEQ ID NO. :55 SEQ
WO 2011/070045 PCT/EP2010/069120

According to particular embodiment, the binding protein as used according to another
embodiment of the invention comprises at least one framework mutated variable domain
having an amino acid sequence selected from the group consisting of:

SEQ ID NO:47, 48, 49, 50; (VH domain ), and /or

5  selected from the group consisting of:

SEQ ID NO: 51, 52, 53, and 54 (VL domain)

In particular, said binding protein comprises two optionally framework mutated
variable domains, wherein said two variable domains have amino acid sequences selected
from the groups consisting of:

10 SEQIDNOs:47 & 44 ;47 & 45 ;47 & 46 ;47 & 51 ;47 & 52 ;47 & 53 ;47 & 54 ;
SEQID NOs:48 & 44 ;48 & 45 ;48 & 46 ; 48 & 51 ;48 & 52 ;48 & 53 ;48 & 54 ;
SEQID NOs:49 & 44 ;49 & 45 ;49 & 46 ;49 & 51 ;49 & 52 ;49 & 53 ;49 & 54 ;

SEQ ID NOs:50 & 44 ; 50 & 45 ;50 & 46 ; 50 & 51 ; 50 & 52 ;50 & 53 ; 50 & 54 ;

The binding proteins as used according to another embodiment of the invention as

15 described herein are capable of binding at least one target, selected from RGM molecules.
They are capable of binding to human RGM A, and optionally at least one further RGM
molecule of human origin or originating from cynomolgus monkeys, rat, chick, frog, and fish.
For example they may additionally bind to rat RGM A, human RGM C, and /or rat RGM C.

The binding protein as used according to another embodiment of the invention is

20  capable of modulating, in particular, capable of neutralizing or inhibiting a biological
function of a target, selected from RGM molecules as defined above.

In particular, the binding protein as used according to another embodiment of the
invention modulates, in particular inhibits, the ability of RGM to bind to at least one of its
receptors, as for example Neogenin, and BMP, like BMP-2 and BMP-4. For example said

25  Dbinding protein modulates, in particular diminishes and particularly inhibits at least one of the
following interactions:

binding of human RGM A to human BMP-4.

binding of hRGM A to human Neogenin,

binding of hRGM C to human Neogenin,

30 binding of human RGM A to human BMP-2.

Binding proteins with different combinations of functional features, and consequently

showing different functional profiles, as disclosed herein, are also within the scope of the

invention. Non-limiting examples of such profiles are listed below:
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to human
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Binding
to rat
RGM C
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of
binding
of hARGM
A to
human
Neogenin

Inhibition
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binding
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Cto
human
Neogenin
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of
binding
of human
RGM A
to human
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binding
of human
RGM A
to human
BMP-4
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Resi dues 50-56 of SEQ ID NO :56 SEQ ID NO 67 VL 8D1 CDR-L3 Residues 89-97
of SEQID NO :57 SEQID NO 68 5 or a variable domain set wherein at | east
one of saw02811@kEsi s a nodi fi ed CDR am no aci d sequencecharbngosvisequence
identity of at least 50 % as for exanple at |east 55, 60, 65, 70, 75, 80,

85, 90, 95 %identity, to the parent sequence. Each of said above nentioned
modi fi cat i or’F§r REMIBE- RiBHEST i sret By agtibRgy F@raSer‘tl‘ii%ﬂé’@eﬁfﬁS% IBY§NHORddi t i on,

del et i odlﬂd rdreﬂw@?ﬁ&éﬁﬁH Phe el:ﬁubst itution, or conbinations thereof In
anot her | ment | I’l&l ng protein conprises at |east two variable

domai n CDR §@(rsxarnple, profile 2 is met by antibody 8D1 as provided by the present invention
and its derivatives as disclosed herein.

5 A binding protein as used according to another embodiment of the invention is
capable of inhibiting at least one biological activity of RGM, in particular RGM A, wherein
said RGM A is selected from human, cynomolgus monkeys, rat, chick, frog, and fish.

The binding protein as used according to another embodiment of the invention has
one or more of the following kinetic features:

10

(a) an on rate constant (ko,) to said target selected from the group consisting of: at least
about 10°M™'s™; at least about 10°M's™; at least about 10"M's™; at least about 10°M
Is1: at least about 10°M's™, and at least about 10'M's™, as measured by surface
plasmon resonance;

15 (b) an off rate constant (kog) to said target selected from the group consisting of: at most
about 107s™”, at most about 107s™; at most about 10*s™; at most about 10°s™"; and at
most about 10%™, as measured by surface plasmon resonance; or

(c) a dissociation constant (Kp) to said target selected from the group consisting of: at
most about 10”7 M; at most about 10 M; at most about 10 M; at most about 10"° M;

20 at most about 10™' M; at most about 10> M; and at most 10"° M

According to a further aspect, the present invention makes use of an antibody
construct comprising a binding protein described above, said antibody construct further
comprising a linker polypeptide or an immunoglobulin constant domain.

25 Said antibody construct or binding protein may be selected from the group consisting
of: an immunoglobulin molecule, a monoclonal antibody, a chimeric antibody, a CDR-
grafted antibody, a humanized antibody, a Fab, a Fab’, a F(ab’)2, a Fv, a disulfide linked Fv,
a scFv, a single domain antibody, a diabody, a multispecific antibody, a dual specific
antibody, a dual variable domain immunoglobulin, and a bispecific antibody.

30 In an antibody construct as used according to another embodiment of the invention
said binding protein comprises a heavy chain immunoglobulin constant domain selected from
the group consisting of;

a human IgM constant domain,

a human IgG1 constant domain,
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Said at |least two variable domain CDR sets are selected froma group
consisting of: VH 5F9 set& VL 5F9 set; and VH 8D1 set & VL 8Dl set 5The

bi ndi ng pwoteimm7emsused accordi ng to anot her enbodi nent pofi/Erb@&oiosaent i on
further conprises a human acceptor frameworKk. Sai d human accept or
framewor k may conprise at | east one am no acid sequence selected fromthe
group consi stiwpndeG3gonstpntdomais 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

26, 27, 28, %%ggé%onggm%gla . 10The binding protein of the invention

may conprise at st one set of framework sequences selected fromthe

group consi sthumgpndzGelvenstedtsionai), VH3-48 set (SEQ ID NO 15, 16 and 17)

VH3- 33 set (SEQ | 21, 22 and 23) VH3-23 set (SEQ ID NO 24, 25 and 26)
mﬁa%@gﬁggcg%ﬁtﬁade

15each of By ned with a further framework sequence,

sel gcted fromuhidd 1GBRENstEhNGndB),, JHA (SEQ ID NG 19), JH6 (SEQ I D NO 20);
200 (2)selected fromthe group consisting of the sets Al18 set: (SEQID

NO 27, 28 arachud@n IgA7 comstant(d8E@n D NO. 31, 32 and 33) each
of which set bein&gﬁ%onbi nlﬁgil with a further framework sequence, 25sel ected
from JK2 (SI?%“’IHIB1 COMSOMhg protein as defined above conprising at

| east one CRRungindbednfesdonti@hid MRy i abl e domain sel ected from SEQ I D
NG 35, 36, 37, 38, 39, 40, 41, 42, and 43; and/or at |east one CDR-grafted

li ght chai n cpaesReBH@cdwaicA certtant deasom SEQ | D NO 44, 45, and 46. 30The
L I
domai nscohgvsesdn inn@wigthbatfa demtas dsehdiaethgfanaimino SEDstduchbsscldbeddrdd ; 36
& 44 ; 37 & 44 ; 38 & 44 ;. 39 & 44 ; 40 & 44 ; 41 & 44 ; 42 & 44 ; 43 & 44;
VO 201 thegpasonsisting of: SEQ IDNO: 11, 12, 13 and 14
According to another aspect, the present invention makes use of an antibody
conjugate comprising an antibody construct described herein, said antibody conjugate further
15 comprising an agent selected from the group consisting of; an immunoadhesion molecule, an
imaging agent, a therapeutic agent, and a cytotoxic agent, cach of which agent being
conjugated, of example covalently bound to said binding protein.
For example, said agent is an imaging agent selected from the group consisting of a
radiolabel, an enzyme, a fluorescent label, a luminescent label, a bioluminescent label, a
20  magnetic label, and biotin. In particular, said imaging agent is a radiolabel selected from the
group consisting of: 3H, 14C, 38, %Y, T¢, "'In, '*1, M1, "Ly, '*Ho, and **Sm.
For example, said agent is a therapeutic or cytotoxic agent selected from the group
consisting of; an anti-metabolite, an alkylating agent, an antibiotic, a growth factor, a
cytokine, an anti-angiogenic agent, an anti-mitotic agent, an anthracycline, toxin, and an
25  apoptotic agent.
According to another embodiment, said binding protein as used according to another
embodiment of the invention possesses a human glycosylation pattern.
Furthermore, the binding proteins, antibody constructs and antibody conjugates as
used according to another embodiment of the invention may exist as a crystal (in crystalline
30  form), particularly retaining biological activity. Said crystal is a carrier-free pharmaceutical
controlled release crystal. In view of said crystalline form the binding protein, antibody

construct or antibody conjugate may have a greater half life in vivo than the corresponding

soluble counterpart.
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In another aspect the present invention provides an isolated nucleic acid encoding a
binding protein amino acid sequence, antibody construct amino acid sequence, and antibody
conjugate amino acid sequence as described herein.

Another embodiment of the invention also relates to a vector comprising an isolated
nucleic acid as described herein. In particular, the vector is selected from the group consisting
of pcDNA, pTT, pTT3, pEFBOS, pBV, pJV, and pBJ.

Another embodiment of the invention also relates to a host cell comprising such a
vector. In particular, said host cell is a prokaryotic cell, as for example E. coli; or is a
cukaryotic cell, and may be selected from the group consisting of protist cell, animal cell,
plant cell and fungal cell. In particular, said cukaryotic cell is an animal cell selected from the
group consisting of a mammalian cell, an avian cell, and an insect cell. Said host cell is
selected from HEK cells, CHO cells, COS cells and yeast cells. The yeast cell may be
Saccharomyces cerevisiae and said insect cell may be a Sf9 cell.

Another embodiment of the invention also provides a method of producing a protein
capable of binding RGM, comprising culturing a host cell as defined herein in culture
medium under conditions sufficient to produce a binding protein capable of binding RGM.

Another embodiment of the invention also relates to a protein produced according to
said method.

Another embodimentprovides a composition for the release of a binding protein said
composition comprising

(a) a formulation, wherein said formulation comprises a crystallized product protein as

defined herein, and an ingredient; and

(b) at least one polymeric carrier.

Said polymeric carrier may be a polymer selected from one or more of the group
consisting of: poly (acrylic acid), poly (cyanoacrylates), poly (amino acids), poly
(anhydrides), poly (depsipeptide), poly (esters), poly (lactic acid), poly (lactic-co-glycolic
acid) or PLGA, poly (b-hydroxybutryate), poly (caprolactone), poly (dioxanone); poly
(ethylene glycol), poly ((hydroxypropyl) methacrylamide, poly [(organo) phosphazene], poly
(ortho esters), poly (vinyl alcohol), poly (vinylpyrrolidone), maleic anhydride- alkyl vinyl
ether copolymers, pluronic polyols, albumin, alginate, cellulose and cellulose derivatives,
collagen, fibrin, gelatin, hyaluronic acid, oligosaccharides, glycaminoglycans, sulfated

polysaccharides, blends and copolymers thereof.
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Said ingredient may be selected from the group consisting of albumin, sucrose,
trehalose, lactitol, gelatin, hydroxypropyl-8- cyclodextrin, methoxypolyethylene glycol and
polyethylene glycol.

According to another aspect the present invention provides a method for treating a

5  mammal comprising the step of administering to the mammal an effective amount of the
composition as defined herein.

According to another aspect the present invention provides a pharmaceutical
composition comprising the product (in particular, a binding protein, construct or conjugate
as scribed herein above), and a pharmaceutically acceptable carrier.

10 Said pharmaceutically acceptable carrier may function as adjuvant useful to increase
the absorption, or dispersion of said binding protein.

For example said adjuvant is hyaluronidase.

According to another embodiment said pharmaceutical further comprises at least one
additional therapeutic agent for treating a disorder in which RGM activity is detrimental. For

15 example said agent is selected from the group consisting of: therapeutic agent, imaging agent,
cytotoxic agent, angiogenesis inhibitors; kinase inhibitors; co-stimulation molecule blockers;
adhesion molecule blockers; anti-cytokine antibody or functional fragment thereof;
methotrexate; cyclosporin; rapamycin; FK506; detectable label or reporter; a TNF antagonist;
an antirheumatic; a muscle relaxant, a narcotic, a non-steroid anti-inflammatory drug

20 (NSAID), an analgesic, an anesthetic, a sedative, a local anesthetic, a neuromuscular blocker,
an antimicrobial, an antipsoriatic, a corticosteriod, an anabolic steroid, an erythropoietin, an
immunization, an immunoglobulin, an immunosuppressive, a growth hormone, a hormone
replacement drug, a radiopharmaceutical, an antidepressant, an antipsychotic, a stimulant, an
asthma medication, a beta agonist, an inhaled steroid, an epinephrine or analogue, a cytokine,

25  and a cytokine antagonist.

The present invention also relates to a method for treating a subject for a disorder
associated with RNFL degeneration comprising the step of administering alone or in
combination with other therapeutic agents a product of the invention (in particular, a binding
protein, construct or conjugate as described herein above).

30 Said disorder particularly comprises diseases selected from the group comprising
diabetic retinopathy, ischemic optic neuropathy, X-chromosome linked retinoschisis, drug-
induced optic neuropathy, retinal dystrophy, age-related macula degeneration, eye diseases

characterized by optic nerve head drusen, eye disease characterized by genetic determinants
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46 ; 43 & 46; 5In another enbodi nent of the invention, said human acceptor
framewor k of the binding protein as used according to the invention

conpri seswet2oli@aedssone framework regi on am no aci d substctrmrean/osdzea key
resi due, said key residue selected fromthe group consisting of: a residue
adjacent to a CDR; glycosylation site residue; a rare residue;

resi due e&g@mcepfer dr%?rleraae@uaﬁ SQiNEh CEeSRERICRR- ’E%idb’s“‘aphryeélﬁfb@é%%éﬁﬁle of

|nteraqﬁ&ﬂ&ﬂykaﬂ 1§Q§no?h nonlcal resi due; 15a contact resi due between
heavy chain varia e region ‘and |light chain variable region; a residue

wi t hi n a VerAmyetcachomeor eferddct ¢s SEQAD NOsiddsaelischppath hercof inpanlag) ap@eate
fornat%§§%®§$yg residue in a region that overlaps between a Chot hi a-defi ned
vari abl dhain CDRL and a Kabat -defined first heavy chai n frameworKk.
20 8ai d key residues are selected fromthe group consisting (heavy chain

sequencge _positian): 5 37,.48 49 88, 98 (light chain sequence

posi ti oh }ge§°}%ﬁyéﬁnﬁgiﬂﬁﬁﬁﬁ %Qﬁﬁﬂé ar enbodi ment, the binding protein as
used accor diQghth@ e%ﬂféhﬁﬁ‘ént 4Pt fﬂ?@s‘éhﬂ%@hc&fontcb&ph@é/setﬁé bVelideRIficaQRPLE Ses a
consensus human vari abl e donai n. Accordi ng to anot her enbodi nent of

t he bi neshlatgd pero@es or lacdymedesatbetc&pdcrlﬁgaltydﬂladrtq ¢té¢ase®mnltne¢nof oRGM&

i nventi on ceptor fr ; t _one. fra

oot on 1eits T i R PR TR SR RRERE I RS TR RS 4t B35 aReg o e

fr agewREM & padtein@Rs tapable%r idibitiag bRMMPVIR G A €@t retOptor’ Neo@in eﬁﬁr/or90 95,
96, 97, 98, or 99 % 30 identical to the sequence of said human acceptor

f r anmewde RoBmEOEeEPICsE Prafein 8 asd 41BMRR MR I Rastieniesntibediepihaiadpl e at

v 201 170 AR PR BRI R BB S MRS, 11 Cul ar embodi ment, the
bi ndi ng prOU&MBR&EAusadmad&@bﬂﬂngwﬁﬁmanﬁhhﬁhe&mbﬁdﬂﬁgmtmﬁ¢nﬁhﬂfdmmeﬂt|On

conprises at |east one framework mutated variabl e domain having an am no
aci d sdfienedize R actiitynt £nas g1eiipd BrARY Qig dfgeuiral ispéyq mdNg VA, 48, 49,

5045(VEBQ§§§h&wﬁn1 54(?@E§§$Eggggg,fronrthe group consisting of: SEQ ID

51, 5 53, an omai n In particular, said binding
pr ot ei n conpFhiegessehtmpphipdtiomnalphstichitaa makey ﬂmemﬁmamtmilzu@rmmdcmtlwmmbnshes

R R R N 8 R Y R
I D NCs:1h3c $notphogebfe friXcs®: 2@ 44BMP-2, BMP-4), and the generation of a neutralizing
monoclonal antibody against RGM A, which selectively prevents binding of RGM A to its

20  coreceptors bone morphogenetic proteins 2 and 4 (BMP-2, BMP-4).

In particular, the monoclonal neutralizing antibody of the present application is a
human antibody or humanized antibody. The term “human antibody” refers to antibodies
having variable and constant regions corresponding to, or derived from, human germline
immunoglobulin sequences (e.g., see Kabat et al. Sequences of Proteins of Immunological

25  Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH Publication No.
91-3242, 1991). The human antibodies of the present application, however, may include
amino acid residues not encoded by human germline immunoglobulin sequences (e.g.,
mutations introduced by random or site-specific mutagenesis in vitro or by somatic mutation
in vivo), for example, in the CDRs and, in particular, CDR3.

30 In various embodiments, the antibody is a recombinant antibody or a monoclonal
antibody. Examples of neutralizing antibodies of the present application are referred to herein
as mAbSF9 and mAb8D1 and functional antibody fragments thereof, and other antibodies
and functional antibody fragments with equivalent properties to mAbSF9 and mAb8D1, such
as high affinity binding to RGM A with low dissociation kinetics and high neutralizing
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capacity, are intended as part of the present invention. The binding affinity and dissociation
rate of an anti-RGM A antibody of the present application to an immunogenic RGM A
polypeptide or fragment thereof, may be determined by any method known in the art. For
example, the binding affinity can be measured by competitive ELISAs, ¢ RIAs, BlAcore or
KinExA technology. The dissociation rate also can be measured by BIAcore or KinExA
technology. The binding affinity and dissociation rate are measured by surface plasmon
resonance using, ¢.g., a BlAcore.

One of the monoclonal antibodies of the present application, the mAbSF9 antibody,
has at least 90 % amino acid sequence identity with a sequence comprising a heavy chain
variable region (VH region) comprising the sequence of SEQ ID NO:9 or 34 and a light chain
variable region (VL region) comprising the sequence of SEQ ID NO:10.

It is also intended that the isolated monoclonal antibodies that interact with RGM A of
the present application may be a glycosylated binding protein wherein the antibody or
antigen-binding portion thereof comprises one or more carbohydrate residues. Nascent in vivo
protein production may undergo further processing, known as post-translational modification.
In particular, sugar (glycosyl) residues may be added enzymatically, a process known as
glycosylation. The resulting proteins bearing covalently linked oligosaccharide side chains
are known as glycosylated proteins or glycoproteins. Protein glycosylation depends on the
amino acid sequence of the protein of interest, as well as the host cell in which the protein is
expressed. Different organisms may produce different glycosylation enzymes (eg.,
glycosyltransferases and glycosidases), and have different substrates (nucleotide sugars)
available. Due to such factors, protein glycosylation pattern, and composition of glycosyl
residues, may differ depending on the host system in which the particular protein is
expressed. Glycosyl residues useful in the invention may include, but are not limited to,
glucose, galactose, mannose, fucose, n-acetylglucosamine and sialic acid. Particularly the
glycosylated binding protein comprises glycosyl residues such that the glycosylation pattern

1s human.

The antibodies as used according to the invention comprise a heavy chain constant
region, such as an IgG1, 1gG2, I1gG3, IgG4, IgA, IgE, IgM, IgY or IgD constant region.
Furthermore, the antibody can comprise a light chain constant region, either a kappa light
chain constant region or a lambda light chain constant region. The antibody comprises a
kappa light chain constant region. Alternatively, the antibody portion can be, for example, a

Fab fragment or a single chain Fv fragment. Replacements of amino acid residues in the Fc
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and complement Clq, respectlvely. Neonatal Fc receptors (FcRn) are the crltlcal components
determining the circulating half-life of antibodies. In still another embodiment at least one
10  amino acid residue is replaced in the constant region of the antibody, for example the Fc

region of the antibody, such that effector’s functions of the antibody are altered.
3. Generation of anti-hRGM A antibodies

15  3.1. General
Antibodies of the invention can be generated by immunization of a suitable host (e.g.,
vertebrates, including humans, mice, rats, sheep, goats, pigs, cattle, horses, reptiles, fishes,
amphibians, and in eggs of birds, reptiles and fish). To generate the antibodies of the present
application, the host is immunized with an immunogenic RGM A polypeptide or fragment
20  thereof of the invention. The term “immunization” refers herein to the process of presenting
an antigen to an immune repertoire whether that repertoire exists in a natural genetically
unaltered organism, or a transgenic organism, including those modified to display an artificial
human immune repertoire. Similarly, an “immunogenic preparation” is a formulation of
antigen that contains adjuvants or other additives that would enhance the immunogenicity of
25  the antigen.
Immunization of animals may be done by any method known in the art. See, ¢.g.,
Harlow and Lane, Antibodies: A Laboratory Manual, New York: Cold Spring Harbor Press,
1990. Methods for immunizing non- human animals such as mice, rats, sheep, goats, pigs,
cattle and horses are well known in the art. See, ¢.g., Harlow and Lane and U.S. Pat. No. 5,
30  994,619. In a particular embodiment, the RGM A antigen is administered with an adjuvant to
stimulate the immune response. Such adjuvants include complete or incomplete Freund’s
adjuvant, RIBI (muramyl dipeptides) or ISCOM (immunostimulating complexes). Such
adjuvants may protect the polypeptide from rapid dispersal by sequestering it in a local

deposit, or they may contain substances that stimulate the host to secrete factors that are
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administrations of the polypeptide, spread out over several weeks.

It is contemplated that the animal host is immunized with the antigen associated with

5  the cell membrane of an intact or disrupted cell and antibodies of the present application are
identified by binding to an immunogenic polypeptide of the invention. After immunization of
the animal host with the antigen, antibodies may be obtained from the animal. The antibody-
containing serum is obtained from the animal by bleeding or sacrificing the animal. The
serum may be used as it is obtained from the animal, an immunoglobulin fraction may be

10  obtained from the serum, or the antibodies may be purified from the serum. Serum or

immunoglobulins obtained in this manner are polyclonal, thus having a heterogencous array

of properties.

3.2 Anti-RGM A monoclonal antibodies using Hybridoma technology

15 Monoclonal antibodies can be prepared using a wide variety of techniques known in
the art including the use of hybridoma, recombinant, and phage display technologies, or a
combination thereof. For example, monoclonal antibodies can be produced using hybridoma
techniques including those known in the art and taught, for example, in Harlow et al. ,
Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988);

20  Hammerling, et al., in: Monoclonal Antibodies and T-Cell Hybridomas 563—681 (Elsevier,
N.Y., 1981) (said references incorporated by reference in their entireties). The term
"monoclonal antibody" as used herein is not limited to antibodies produced through
hybridoma technology. The term "monoclonal antibody" refers to an antibody that is derived
from a single clone, including any eukaryotic, prokaryotic, or phage clone, and not the

25  method by which it is produced.

Methods for producing and screening for specific antibodies using hybridoma
technology are routine and well known in the art. In one embodiment, the present invention
provides methods of generating monoclonal antibodies as well as antibodies produced by
the method comprising culturing a hybridoma cell secreting an antibody of the invention

30  wherein, the hybridoma is generated by fusing splenocytes isolated from a mouse
immunized with an antigen of the invention with myeloma cells and then screening the
hybridomas resulting from the fusion for hybridoma clones that secrete an antibody able to
bind a polypeptide of the invention. Briefly, mice can be immunized with an RGM A

antigen. In another embodiment, the RGM A antigen is administered with a adjuvant to
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stimulate the immune response. Such adjuvants include complete or incomplete Freund's
adjuvant, RIBI (muramyl dipeptides) or ISCOM (immunostimulating complexes). Such
adjuvants may protect the polypeptide from rapid dispersal by sequestering it in a local
deposit, or they may contain substances that stimulate the host to secrete factors that are
5  chemotactic for macrophages and other components of the immune system. If a
polypeptide is being administered, the immunization schedule will involve two or more
administrations of the polypeptide, spread out over several weeks.
Once an immune response is detected, ¢.g., antibodies specific for the antigen RGM A

are detected in the mouse serum, the mouse spleen is harvested and splenocytes isolated. The

10  splenocytes are then fused by well-known techniques to any suitable myeloma cells, for
example cells from cell line SP20 available from the ATCC. Hybridomas are selected and
cloned by limited dilution. The hybridoma clones are then assayed by methods known in the
art for cells that secrete antibodies capable of binding RGM A. Ascites fluid, which generally
contains high levels of antibodies, can be generated by immunizing mice with positive

15  hybridoma clones.

In another embodiment, antibody-producing immortalized hybridomas may be
prepared from the immunized animal. After immunization, the animal is sacrificed and the
splenic B cells are fused to immortalized myeloma cells as is well known in the art. See, e.g.,
Harlow and Lane, supra. In another embodiment, the myeloma cells do not secrete

20  immunoglobulin polypeptides (a non-secretory cell line). After fusion and antibiotic
selection, the hybridomas are screened using RGM A, or a portion thereof, or a cell
expressing RGM A. In another embodiment, the initial screening is performed using an
enzyme-linked immunoassay (ELISA) or a radioimmunoassay (RIA), An ELISA. An
example of ELISA screening is provided in WO 00/37504, herein incorporated by reference.

25 Anti- RGM A antibody-producing hybridomas are selected, cloned and further
screened for desirable characteristics, including robust hybridoma growth, high antibody
production and desirable antibody characteristics, as discussed further below. Hybridomas
may be cultured and expanded in vivo in syngeneic animals, in animals that lack an immune
system, e.g., nude mice, or in cell culture in vitro. Methods of selecting, cloning and

30  expanding hybridomas are well known to those of ordinary skill in the art.

In a particular embodiment, the hybridomas are mouse hybridomas, as described
above. In another particular embodiment, the hybridomas are produced in a non-human, non-

mouse species such as rats, sheep, pigs, goats, cattle or horses. In another embodiment, the
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hybridomas are human hybridomas, in which a human non-secretory myeloma is fused with a
human cell expressing an anti- RGM A antibody.

Antibody fragments that recognize specific epitopes may be generated by known
techniques. For example, Fab and F(ab')2 fragments of the invention may be produced by
proteolytic cleavage of immunoglobulin molecules, using enzymes such as papain (to
produce Fab fragments) or pepsin (to produce F(ab')2 fragments). F(ab')2 fragments contain

the variable region, the light chain constant region and the CHI domain of the heavy chain.

3.3 Anti- RGM A monoclonal antibodies using SLAM

In another aspect of the invention, recombinant antibodies are generated from single,
isolated lymphocytes using a procedure referred to in the art as the selected lymphocyte
antibody method (SLAM), as described in U.S. Patent No. 5,627,052, PCT Publication WO
92/02551 and Babcock, J.S. et al. (1996) Proc. Natl. Acad. Sci. USA 93:7843-7848. In this
method, single cells secreting antibodies of interest, e.g., lymphocytes derived from any one
of the immunized animals described above, are screened using an antigen-specific hemolytic
plaque assay, wherein the antigen RGM A, a subunit of RGM A, or a fragment thereof, is
coupled to sheep red blood cells using a linker, such as biotin, and used to identify single
cells that secrete antibodies with specificity for RGM A. Following identification of
antibody-secreting cells of interest, heavy- and light-chain variable region cDNAs are rescued
from the cells by reverse transcriptase-PCR and these variable regions can then be expressed,
in the context of appropriate immunoglobulin constant regions (e.g., human constant
regions), in mammalian host cells, such as COS or CHO cells. The host cells transfected
with the amplified immunoglobulin sequences, derived from in vivo selected lymphocytes,
can then undergo further analysis and selection in vitro, for example by panning the
transfected cells to isolate cells expressing antibodies to RGM A. The amplified
immunoglobulin sequences further can be manipulated in vitro, such as by in vitro affinity
maturation methods such as those described in PCT Publication WO 97/29131 and PCT
Publication WO 00/56772.

3.4 Anti- RGM A monoclonal antibodies using transgenic animals

In another embodiment of the instant invention, antibodies are produced by
immunizing a non-human animal comprising some, or all, of the human immunoglobulin
locus with an RGM A antigen. In a particular embodiment, the non-human animal is a

XENOMOUSE transgenic mouse, an engineered mouse strain that comprises large
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fragments of the human immunoglobulin loci and is deficient in mouse antibody
production. See, e.g., Green et al. Nature Genetics 7:13-21 (1994) and United States Patents
5,916,771, 5,939,598, 5,985,615, 5,998,209, 6,075,181, 6,091,001, 6,114,598 and
6,130,364. See also WO 91/10741, published July 25,1991, WO 94/02602, published
February 3, 1994, WO 96/34096 and WO 96/33735, both published October 31, 1996, WO
98/16654, published April 23, 1998, WO 98/24893, published June 11, 1998, WO
98/50433, published November 12, 1998, WO 99/45031, published September 10, 1999,
WO 99/53049, published October 21, 1999, WO 00 09560, published February 24, 2000
and WO 00/037504, published June 29, 2000. The XENOMOUSE transgenic mouse
produces an adult-like human repertoire of fully human antibodies, and generates antigen-
specific human Mabs. The XENOMOUSE transgenic mouse contains approximately 80%
of the human antibody repertoire through introduction of megabase sized, germline
configuration YAC fragments of the human heavy chain loci and x light chain loci. See
Mendez et al., Nature Genetics 15: 146—-156 (1997), Green and Jakobovits J. Exp. Med.
188: 483-495 (1998), the disclosures of which are hereby incorporated by reference.

3.5 Anti- RGM A monoclonal antibodies using recombinant antibody libraries

In vitro methods also can be used to make the antibodies of the invention, wherein an
antibody library is screened to identify an antibody having the desired binding specificity.
Methods for such screening of recombinant antibody libraries are well known in the art and
include methods described in, for example, Ladner ef al. U.S. Patent No. 5,223,409; Kang ef
al. PCT Publication No. WO 92/18619; Dower et al. PCT Publication No. WO 91/17271,
Winter et al. PCT Publication No. WO 92/20791; Markland et al. PCT Publication No. WO
92/15679; Breitling et al. PCT Publication No. WO 93/01288; McCafferty et al. PCT
Publication No. WO 92/01047; Garrard et al. PCT Publication No. WO 92/09690; Fuchs et
al. (1991) Bio/Technology 9: 1370-1372; Hay et al. (1992) Hum Antibod Hybridomas 3: 81—
85; Huse et al. (1989) Science 246: 1275-1281; McCafferty et al., Nature (1990) 348: 552—
554; Griffiths et al. (1993) EMBO J 12: 725-734; Hawkins et al. (1992) J Mol Biol 226:
889-896; Clackson et al. (1991) Nature 352: 624-628; Gram et al. (1992) PNAS 89: 3576—
3580; Garrad et al. (1991) Bio/Technology 9: 1373-1377; Hoogenboom et al. (1991) Nuc
Acid Res 19: 4133-4137; and Barbas ef al. (1991) PNAS 88: 79787982, US patent
application publication 20030186374, and PCT Publication No. WO 97/29131, the contents

of each of which are incorporated herein by reference.
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The recombinant antibody library may be from a subject immunized with RGM A, or
a portion of RGM A. Alternatively, the recombinant antibody library may be from a naive
subject, i.e., one who has not been immunized with RGM A, such as a human antibody
library from a human subject who has not been immunized with human RGM A. Antibodies
5  of'the invention are selected by screening the recombinant antibody library with the peptide
comprising human RGM A to thereby select those antibodies that recognize RGM A.
Methods for conducting such screening and selection are well known in the art, such as
described in the references in the preceding paragraph. To select antibodies of the invention
having particular binding affinities for hARGM A, such as those that dissociate from human

10  RGM A with a particular ko rate constant, the art-known method of surface plasmon
resonance can be used to select antibodies having the desired ko rate constant. To select
antibodies of the invention having a particular neutralizing activity for hRRGM A , such as
those with a particular an ICsg, standard methods known in the art for assessing the inhibition
of hRGM A activity may be used.

15 In one aspect, the invention pertains to an isolated antibody, or an antigen-binding
portion thereof, that binds human RGM A. Particularly, the antibody is a neutralizing
antibody. In various embodiments, the antibody is a recombinant antibody or a monoclonal
antibody.

For example, the antibodies of the present invention can also be generated using

20  various phage display methods known in the art. In phage display methods, functional
antibody domains are displayed on the surface of phage particles which carry the
polynucleotide sequences encoding them. In a particular, such phage can be utilized to
display antigen-binding domains expressed from a repertoire or combinatorial antibody
library (e. g., human or murine). Phage expressing an antigen binding domain that binds the

25  antigen of interest can be selected or identified with antigen, e.g., using labeled antigen or
antigen bound or captured to a solid surface or bead. Phage used in these methods are
typically filamentous phage including fd and M13 binding domains expressed from phage
with Fab, Fv or disulfide stabilized Fv antibody domains recombinantly fused to either the
phage gene 111 or gene VIII protein. Examples of phage display methods that can be used to

30  make the antibodies of the present invention include those disclosed in Brinkman et al., J.
Immunol. Methods 182: 41-50 (1995); Ames et al., J. Immunol. Methods 184: 177-186
(1995); Kettleborough et al., Eur. J. Immunol. 24: 952-958 (1994); Persic et al., Gene 187 9—
18 (1997); Burton et al., Advances in Immunology 57: 191-280 (1994); PCT application No.
PCT/GB91/01134; PCT publications WO 90/02809; WO 91/10737; WO 92/01047;, WO
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92/18619; WO 93/11236; WO 95/15982; WO 95/20401; and U.S. Pat. Nos. 5,698,426;
5,223,409, 5,403,484; 5,580,717, 5,427,908; 5,750,753; 5,821,047, 5,571,698; 5,427,908;
5,516,637, 5,780, 225; 5,658,727, 5,733,743 and 5,969,108; ecach of which is incorporated
herein by reference in its entirety.

As described in the above references, after phage selection, the antibody coding
regions from the phage can be isolated and used to generate whole antibodies including
human antibodies or any other desired antigen binding fragment, and expressed in any
desired host, including mammalian cells, insect cells, plant cells, yeast, and bacteria, ¢.g., as
described in detail below. For example, techniques to recombinantly produce Fab, Fab' and
F(ab"), fragments can also be employed using methods known in the art such as those
disclosed in PCT publication WO 92/22324; Mullinax et al., BioTechniques 12(6): 864-869
(1992); and Sawai et al., AJRI 34: 26-34 (1995); and Better et al., Science 240: 1041-1043
(1988) (said references incorporated by reference in their entireties). Examples of
techniques, which can be used to produce single-chain Fvs and antibodies include those
described in U.S. Pat. 4,946,778 and 5,258, 498; Huston ¢t al., Methods in Enzymology 203:
46-88 (1991); Shu et al., PNAS 90: 7995-7999 (1993); and Skerra et al., Science 240: 1038—
1040 (1988).

Alternative to screening of recombinant antibody libraries by phage display, other
methodologies known in the art for screening large combinatorial libraries can be applied to
the identification of dual specificity antibodies of the invention. One type of alternative
expression system is one in which the recombinant antibody library is expressed as RNA-
protein fusions, as described in PCT Publication No. WO 98/31700 by Szostak and Roberts,
and in Roberts, R.W. and Szostak, J.W. (1997) Proc. Natl. Acad. Sci. USA 94: 12297-12302.
In this system, a covalent fusion is created between an mRNA and the peptide or protein that
it encodes by in vitro translation of synthetic mRNAs that carry puromycin, a peptidyl
acceptor antibiotic, at their 3’ end. Thus, a specific mRNA can be enriched from a complex
mixture of mRNAs (e.g., a combinatorial library) based on the properties of the encoded
peptide or protein, e.g., antibody, or portion thereof, such as binding of the antibody, or
portion thereof, to the dual specificity antigen. Nucleic acid sequences encoding antibodies,
or portions thereof, recovered from screening of such libraries can be expressed by
recombinant means as described above (e.g., in mammalian host cells) and, moreover, can be
subjected to further affinity maturation by either additional rounds of screening of mRNA-

peptide fusions in which mutations have been introduced into the originally selected
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sequence(s), or by other methods for affinity maturation in vitro of recombinant antibodies,
as described above.

In another approach the antibodies of the present invention can also be generated
using yeast display methods known in the art. In yeast display methods, genetic methods are
used to tether antibody domains to the yeast cell wall and display them on the surface of
yeast. In particular, such yeast can be utilized to display antigen-binding domains expressed
from a repertoire or combinatorial antibody library (e. g., human or murine). Examples of
yeast display methods that can be used to make the antibodies of the present invention
include those disclosed Wittrup, et al. U.S. Patent No. 6,699,658 incorporated herein by

reference.

4. Production of particular recombinant RGM A antibodies of the invention

Antibodies of the present invention may be produced by any of a number of
techniques known in the art. For example, expression from host cells, wherein expression
vector(s) encoding the heavy and light chains is (are) transfected into a host cell by standard
techniques. The various forms of the term "transfection" are intended to encompass a wide
variety of techniques commonly used for the introduction of exogenous DNA into a
prokaryotic or eukaryotic host cell, e.g., electroporation, calcium-phosphate precipitation,
DEAE-dextran transfection and the like. Although it is possible to express the antibodies of
the invention in either prokaryotic or eukaryotic host cells, expression of antibodies in
cukaryotic cells is of interest, and of most interest in mammalian host cells, because such
eukaryotic cells (and in particular mammalian cells) are more likely than prokaryotic cells to
assemble and secrete a properly folded and immunologically active antibody.

Particular mammalian host cells for expressing the recombinant antibodies of the
invention include Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells, described
in Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci. USA 77: 42164220, used with a DHFR
selectable marker, e.g., as described in R.J. Kaufman and P.A. Sharp (1982) Mol. Biol. 159:
601-621), NSO myeloma cells, COS cells and SP2 cells. When recombinant expression
vectors encoding antibody genes are introduced into mammalian host cells, the antibodies are
produced by culturing the host cells for a period of time sufficient to allow for expression of
the antibody in the host cells or, more particularly, secretion of the antibody into the culture
medium in which the host cells are grown. Antibodies can be recovered from the culture

medium using standard protein purification methods.
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Host cells can also be used to produce functional antibody fragments, such as Fab
fragments or scFv molecules. It will be understood that variations on the above procedure are
within the scope of the present invention. For example, it may be desirable to transfect a host
cell with DNA encoding functional fragments of either the light chain and/or the heavy chain
of an antibody of this invention. Recombinant DNA technology may also be used to remove
some, or all, of the DNA encoding either or both of the light and heavy chains that is not
necessary for binding to the antigens of interest. The molecules expressed from such
truncated DNA molecules are also encompassed by the antibodies of the invention. In
addition, bifunctional antibodies may be produced in which one heavy and one light chain are
an antibody of the invention and the other heavy and light chain are specific for an antigen
other than the antigens of interest by crosslinking an antibody of the invention to a second
antibody by standard chemical crosslinking methods.

In a particular system for recombinant expression of an antibody, or antigen-binding
portion thereof, of the invention, a recombinant expression vector encoding both the antibody
heavy chain and the antibody light chain is introduced into dhfr- CHO cells by calcium
phosphate-mediated transfection. Within the recombinant expression vector, the antibody
heavy and light chain genes are each operatively linked to CMV enhancer/AdMLP promoter
regulatory elements to drive high levels of transcription of the genes. The recombinant
expression vector also carries a DHFR gene, which allows for selection of CHO cells that
have been transfected with the vector using methotrexate selection/amplification. The
selected transformant host cells are cultured to allow for expression of the antibody heavy
and light chains and intact antibody is recovered from the culture medium. Standard
molecular biology techniques are used to prepare the recombinant expression vector, transfect
the host cells, select for transformants, culture the host cells and recover the antibody from
the culture medium. Still further the invention provides a method of synthesizing a
recombinant antibody of the invention by culturing a host cell of the invention in a suitable
culture medium until a recombinant antibody of the invention is synthesized. The method can

further comprise isolating the recombinant antibody from the culture medium.

4.1 Anti RGM A antibodies

Table 5 is a list of amino acid sequences of VH and VL regions of particular anti-
hRGM A antibodies of the invention.
TABLE 5:LIST OF AMINO ACID SEQUENCES OF VH AND VL REGIONS OF ANTI
hRGM A ANTIBODIES 5F9 AND 8D1
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Residues
63 VH 8DLICDR-HI 31-350f SYVMH
SEQ ID NO,:55
Residues
64 VH 8D1 CDR-HD 50-66 of YT IPYNDNTKYNEKFKG
SEQ ID NO,:55
Residues
65 VH 8D1 CDR-H3 97-110 of ARRNEYYGSSFFDY
SEQ ID NO.:55
DIQMTQSPASLSASLEEIVTITCQASQDID
56 VL 8D1 NYLAWYHQKPGKSPRLLIYGATNLADGVPS
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Residues
66 VL 8D1 CDR-L1 24-34 of QASQDIDNYLA
SEQ ID NO.:56
Residues
67 VL 8D1 CDR-L2 50-56 of GATNLAD
SEQ ID NO.:56
Residues
68 VL 8D1 CDR-L3 89-97 of LQGYIPPRT
SEQ ID NO.:56
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14 According to anot her aspect, the present invention nmakes use of an

anti body conjugate conprising an anti body construct described herein, said
anti body conjugate further 15 conprising an agent selected fromthe group
consi sti ng ofhe faregpimguisndatdt esti-BAINY agibody CAIR benmginaey estaledivh, a mvehfgmalyeut | ¢

t, t ot OXi t h of .which it b ' t f
ool SR ARt Bo AT B e SoRER HvaRBpR Sty hent
i's an igRgi ODRAYEMhe ﬁﬁz'eﬁ@drﬁl@hvﬁﬂ%{mrﬁ_'&ﬁaﬁ{@NpAQﬁﬁﬁﬁgS&ﬂdm Ritraliziadh@lvabel , an

um

enzyne, a fluorescent |abel, a nescent | abel, a biolum nescent [abel, a
20nmagnetitltraspaseto hRGNI Aj sendard methpds knasn iarthe aaffer gonergiingbiadsstprotsing

r adi ol f rom;t . e 4 5.1 71ub
a65 - O gl g BE PR pssne HEROREX e A bl L0
agent idf thost badapeptotein by Oy Leddo Xictudagehit noelimitté e thoegpkbidicgityodgscribed
consisting of; an anti-netabolite, an al kylating agent, an antibiotic, a
grow h T&¢tor, a cytokine, an anti-angi ogenic agent, an anti-nitotic agent,
an ﬁnt hracycline, toxin, and an 25apoptotic agent. According to
andfher enbodi ment, said_ binding protein as used according to anot her
enbodi MkhAnSFREAL A Ghimgricointdiessses a human gl ycosyl ation pattern.

Fur t her mor e, 5 thigndic g%ﬂ&ialiqngtnﬁ‘d 18Sile AN hBRANrFQR Rbiténl 8 e %nﬁwdgtba;i’gy

conj ugat es as used accor t o anot her enbodi I nve on nmay
exi st akriged fryst dffercnnansmykdpatics, sacl3gf antibp dicpbavingubvardble regioaideiimed

bi ol ogical activity. Sai tal,is a carrier-free pharnmaceutica

oont + SiTTEatSirtehsrioch e P 3y St R L B ho SRR PRETEFAOHHE Pt ng
Prakei Nor praLARE YhiaRiS ahEddiQr ar@ RhWIO HYthE @RI Sad €, MRYriddAYScidn@eat eroohal f
life in vivo than the correspondi ng sol ubl e counterpart. WO

2011/ 07094 DPOT¢EP2 Bidecoboqud 4: 214 (1984):dndidist alad pRED Jt lempradsdathodnivent i on
provid an, 4 at.edynugl ei i [ i ndipg. protein amn cid
sequeng%,5 ' anf[_i%gtb)’glijl%c B%Sﬁlro lsjcsggﬁﬁ1;%02§g|8,§%2,ga3§£%1§?j dghgggﬁtafeb%la?rp%ag?cﬁgat e

am no agtdin $¢aifenae: ashdesairttisdilaidiion, tobhaitherdeesiopst foe e bdidien of
invention also relates to a vector conprising an isolated 5nucleic acid as

descr i bebimsgicantibodips difarrisan el 19, Dot BptliAcadebect EdSiriom Neebggedup
coRgi Std 98, 1?{84{31&% 3T B4 RbE3TaREEBCR:. 19 N Y3 12.”%2'9@4 which are AnOt her

enbodi nme e Inventron al so relatés a host ¢ conprising such a
vect or .indarpgatctihetdimby refacacchiasheicaltiretics) by grlekay goots fromed lousasinfibsdyexanpl e

E. coli; or is_a eukaryotic cell, .and be selected fromthe group
consi stTHgeWe OB?R?F‘P%T%M%@F}%PHéﬁ’ﬁch’%ﬂltyéégqq,ﬁ TR ZES 8F]Ia%}HBﬂ“f%§88Ycel . In

parti C%@i&eulé@f&b{gﬁdﬁéﬁa}ié’@iﬂo ic%?éétidit? anvanidml cell selected fromthe group

consisting of a ran cell, an“avian cell, and an insect cell. Said

host cell islfl?)ﬁ%g@%g&tnfehﬁ JEnESL bﬁibo%go?ﬂeliﬁvenﬁg% bufpyyeast cells.

The yeast ce e Saccharonyces cerevi siae an I nsect “cell may be
a 869 aeplhcindrwthvevy elmiodonsemt regiont dfehé¢ muent monodbsa apti bumde RGMnrdet hod of

produci ng, a,.protei.n 15capabl e of binding RGV conprising culturing a host
cel asangg‘?‘ihg%‘g"sﬂél?eéii]}}?r'lﬁwé%atlﬂ’rnéa"r#%g’iltf%?f}ﬁ?fé?gle%ndi tions sufficient to
produce a binding protein capable of binding RGM

4.3 Anti RGM A CDR grafted antibodies

CDR-grafted antibodies of the invention comprise heavy and light chain variable

30  region sequences from a human antibody wherein one or more of the CDR regions of Vi
and/or Vi are replaced with CDR sequences of non-human, as for example murine antibodies
of the invention. A framework sequence from any human antibody may serve as the template

for CDR grafting. However, straight chain replacement onto such a framework often leads to
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Anot her enbodi ment of the invention also relates to a protein produced

according to said nethod.
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5 3. Uses of Polypeptides that bind hRGM A
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Fifth Edition, U S
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region, such as an 1gd, 1g&, 19gG3, 1gHA, IgA IgE [gM IgY or IgDh
constant region. 30Furthernore, the anti body can conprise a light chain
const ant weghom7o®st her a kappa |ight chain constant regcomErPesioasdiasrbda

| i ght chain constant region. The anti body conprises a kappa |ight chain
constant .region. Alternatively, the antibody portion can be, for exanple, a

Fab fr éﬁ#’éﬁh@%ﬂe@%ﬂﬁ&l RSmE Iy - T gemag oY M gy éaBn P keby Ot aci d

resi dugg,,n 499 Q4R ECNLE 69120 portion to alter

ant i body ef eﬂ?or sqqég&%?ion% ﬁng\]/\;ﬁl Eﬁ&% art (Wnter, et al. US. Pat.
Nos. 5 vﬁﬂﬁlﬂﬁﬁor@gﬁaﬁt&/l%ﬁr)es/l%@/vﬁb/ posz:path ccam anulanboliogy’/medi at es sever al
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conpl ertEHMagEERteRY AP 8P SR FOUF§F- C@ébc}w‘ah hrlairnq% %l?f@#&fﬁ@waﬁce rate of
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R A
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one loaWvwoieteshiufl.edw dbauti fgcms@ﬂoa@léﬂmi MV WIWeSas o196 PEtitep edgP MM t he
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ant i bodiaesv 1bBkuh. nlGeioat ﬁhats/hnksl hinlt ivodireeab. oﬁl-hdleehmmem bma.ncaredbe
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commonlhoraeseikhf erodife] gl dcoshitke, dnﬁblfeiasemmmmommas@tgmcasmwaae yatic or

k hast 1, e.g., t I h t.
o 661 b fionh cmbaginisaiz il LGSt SE G P S TR SA BHBUGHeiEed s
possi blig SRiXRRRRal NEAN HAIRL 5Bl RO RS AYET RN, BhERRprGRKar YOt i c

or eukaryoti ost cel expr essi ant’i Ies in eukaryotlc cells is
of 26nt dios Skampzlﬂdhalffieraxbsh le‘(ledﬁES)Vlth Iy dregamgicraxnd chastt digeinbbendidcause such

or okt ytipedicin whg e LeSiart S ol ErEe Wpbidoforuatremsnl o 1

i munol QeHik 8t Ltvepdiidid Birditd. PAMILERY ltnhy His@be MRRTERIV iea pRAbteffinks for
expressing the reconbi nant” anti bodi'es of the 25 invention include Chinese

Hanst erpofXrepiidq riOpe etcdog)iz¢d beca s@on@arm m¢norteCHOg G dducEe zefwst paibsgguenectl | aub
and Ch SI SCi SA 77: 4216-42 wWth a
R od s S gk fr Moot et g PR Ao RS HET ARHTRTA" Sharp
(1982) aMbibedyBbradn. andid&i frB&herfi 2HoreoMNBO MMEbOIIBI6@ With,a 1HD-168dESaraing 22
cells. Wien reconbi nant expression vectors encodi ng anti body genes are
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secr et ileveloin ddmejeanﬂubbdythenamotIMImRGMA amiaﬂmdymajnbmmedhhérbpewmosﬂy cells
are grovvn Ant i bOdI_ﬁq can be recovered fromthe cul ture nedi um using

st andari@’ BFBWEISANALTITE iYWt on et hods. WD 2011/ 070045PCT/ EP2010/ 069120
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Host cells can al so be used to produce functional antibody fragments, such
as Fab fragnents or scFv nolecules. It wll be understood that variations
on the abwoeoproomdure are within the scope of the presegt/Eromentiion. For
exanple, it may be desirable to transfect a host cell with DNA encodi ng
functional fragnents of either the |ight chain and/aor the heavy chain 5 of

an anti body BrRMAsOfiIFRelHor Balypersidshischidas bubris 1od dRHEH dgyheriofloning pe used
to remﬁﬁo%m@ s&rraal{ohucl%tldtels.'es,\pb% W@ﬁ*c”gl Msf'wl WLQOSGI!H ﬁ53§1ge l'ight and
heavy chal ns ﬁat i's not necessary for binding to the anti géns of interest.
The nolRGM Aanﬂkqﬂy&srsmdmﬁg@nﬁr@nént throuerd anhegych [SONK dopivetszeldesittas eheahisa
enconpassed t he ant bod he inpvention. In additio bi functi onal
ant i bodi'8Y %@5 ap goly F%‘éi sgdhicp! %flﬁééha Bivhe e}ﬁﬁaﬁﬁaurbﬁéa|0f“@ﬂ[ﬂ]yckﬁf§i%0%e 10 an
ant '5b0d19he9é Jol[lﬁs inﬁy%@hb&ﬂl t@“ﬁl tdhve tl%tlﬁlﬁfo ﬁ%ﬁé’ﬁérz%‘%iﬁshb%th&@ﬁi%dzr@ SRﬁC' fic
for an antlgen ot her than the antlgens of interest by crosslinking an

anti bodycr@zisetShlelm halehfd @rio trerease dson dirsimg. sy ababes faampabpdptades e al

crossl i.nki rticul.ar em far reconbi nant

excpr o5 TONSh FEOOR T, oyt C LR T itah R ¥R A BT SerhBEAR: "of ¢ e

i nvent le&firesﬁoﬁ Qﬁ@ﬂ@ﬂﬂ@@hu@%@"s%@ﬁd PprosSioh R@M(;ldbéb@m@%hs dhessaqyt | body 15
heavy chain and the anti body ht chain is introduced into dhfr- CHO cells

by cal ci um pHsasaeed pehgiags eﬂRG Asmsibedisnmaype Hrterined P gayichadt
caa0ss SNy ARkoln, BSE) RO RSl koDl SRS Ay

ancer emenfs to
dri ve hingbodieyvhhisarebpdcifantoe alppmcolar olfasiémel sybcies.of Bhgbddyc Sudh amibbdiex pieessi on
vector alsq carries . a DHFR g | ows for selection of CHO cells
that 20Wallpermmerciplys Ebs @aswnfiwubﬁ%%@ée pedctganingd hyEhdr reWatten Blot
sel ecti @y Am!dufdr GthhRifles, iRk et & &ﬁf&ﬂ)@ﬁ%‘ﬁn B adighhifipe cul tured
to allow for expressio e an eavy an t chai ns and intact

ant i bochy:qm@cmgcadi\mmrtﬁmmﬁthheonsmmt dmmaumdf nhﬂﬂle&mldmrdlghoﬂmwloeﬂthdn ol ogy

tec g’t“?ﬁ (flre used.to R]?re t he recomgl nant expr essi @ vector, .transfect
t hd°ho fips comppring t 1613 RIS BTIENTS kngya 2pHeo #3d $eUENGCs Ohng
recoveryatifgs ﬁﬁ§sbp5)rﬁysufb5ﬁ§§eg af fnli}ﬁu 65%1'11%5 rﬁ%@'d@f&m@iﬂé the CHES BRI subBBss of
invention provides a method of synthesizing a reconbinant antibody of the

i nvent itbaagibodight uri ng a host cell of the invention in a suitable culture
medi umuntil a reconbi nant anti body of the invention is synthesized. The
nmet hod can further conprise isolating the reconbi nant anti body fromthe

cul turessrB(ﬁiathnaB]eq)&nﬁmt]jmm a.mﬂsbodi es Table 5 is a |list of

am no aci d sequences of VH and regions of particular anti hRGM A

ant0bodi es d?ual Narighig dernpip D VERBIKIBE progmsam ixupyogiaer insEagelitEsinoreyH AND

VL REG A L ES
2011/ 0P R E R SO Aot o B e M are mylivateny pinding
12345Gﬁﬂwﬁ@mﬂ&%ﬁﬂédﬁﬁﬁﬁﬁﬁd&&r&m&ﬂ BR: i¢HinShhltivalent binding protein” is

EVQLVES GSSLKLSCVASGFTFS NY RQAPKKGLEW GM YYDSSEKHY
ADSVKERT Sr ORI BN RSED? @mmmmwmssore antigen binding

sites. The multivalent binding protem is partlcularly engineered to have the two or more

Q

25  antigen binding sites, and is generally not a naturally occurring antibody. The term
“multispecific binding protein” refers to a binding protein capable of binding two or more
related or unrelated targets. Such DVDs may be monospecific, i.e capable of binding one
antigen or multispecific, i.e. capable of binding two or more antigens. DVD binding proteins
comprising two heavy chain DVD polypeptides and two light chain DVD polypeptides are

30  referred to a DVD Ig. Each half of a DVD Ig comprises a heavy chain DVD polypeptide, and
a light chain DVD polypeptide, and two antigen binding sites. Each binding site comprises a
heavy chain variable domain and a light chain variable domain with a total of 6 CDRs
involved in antigen binding per antigen binding site. DVD binding proteins and methods of

making DVD binding proteins are disclosed in US. Patent Application No. 11/507,050 and
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VH 5F9 CDR-Hl Residues 31-35 of SEQ ID NO : 4 NYGW VH 5F9 CDR-H2 Resi dues
50-66 of SEQ ID NO 4 M YYDSSEKHYADSVKG VH 5F9 CDR- H3 Resi dues 99- 104of
SEQ | D NGvé 26TiliPMs10 60 61 62 VI 5F9 DVWLTQTPVSLSVTLGPCASVEGRSEG E
YSDGYTFLEWFLQKPGQSPQLLI YEVSNRF SGVPDRFI GSGSGTDFTLKI SRVEPEDLGV
YYCFQATHDPLTFGSGTKLE] KR VL 5F9. CDR- L1 Resjdues 24-39 of SEQ.ID NO. :10
RSSQSL EResmesyfed herajn by pderengs. | Ibispatendpddhatghe preset inyepsipequaprises g DXJIINRFS

10

15

20

25

30

binding protein comprising binding proteins capable of binding RGM A. Particularly the
DVD binding protein is capable of binding RGM A and a second target. The second target is
selected from the group consisting of anti inflammatory MAB activities (IL-1, IL-6, IL-8, IL-
11, IL-12,IL-17, IL-18, TL-23,TNF alpha/beta, IFN-beta, gamma, LIF, OSM, CNTF, PF-4,
Platelet basic protein (PBP), NAP-2, beta-TG, MIP-1, MCP2/3, RANTES, lymphotactin), of
transport-mediating proteins (insulin receptor, transferrin receptor, thrombin receptor, leptin
receptor, LDL receptor) of other neuroregenerative MABs (NgR, Lingo, p75, CSPG (e.g.
NG-2, neurocan, brevican, versican, aggrecan) hyaluronic acid, mAG, tenascin, NI-35, NI-
250, IMP, perlecan, neurocan, phosphacan, nogo-A, OMGP, Sema4D, Sema 3A, ephrin B3,
ephrin A2, ephrin A5, MAG, EphA4,plexin B1, TROY, wnts, ryk rec., BMP-2, BMP-4,
BMP-7), of neuroprotective MAB activities(EGF, EGFR, Sema 3), of anti-amyloid beta
MAB:S (e.g. m266, 3D6 (bapineuzumab), anti-globulomer MABs 7C6), of CNS located

receptors and transporters (serotonin receptors, dopamine receptors, DAT, Asc-1, GlyT1).

5.6 Dual-specific antibodies

The present application also describes “dual-specific antibody” technology. Dual-
specific antibodies may serve as agonists, antagonists, or both in different combinations.
Dual-specific antibodies are antibodies in which the VH chain binds to a first antigen and the

VL chain binds to another antigen as exemplified in W0O2008082651.

5.7 Crystallized Antibodies

Another embodiment of the present application provides a crystallized binding
protein. The term “crystallized” as used herein, refer to an antibody, or antigen binding
portion thereof, that exists in the form of a crystal. Crystals are one form of the solid state
of matter, which is distinct from other forms such as the amorphous solid state or the liquid
crystalline state. Crystals are composed of regular, repeating, three-dimensional arrays of
atoms, ions, molecules (e.g., proteins such as antibodies), or molecular assemblies (e.g.,
antigen/antibody complexes). These three-dimensional arrays are arranged according to
specific mathematical relationships that are well understood in the field. The fundamental
unit, or building block, that is repeated in a crystal is called the asymmetric unit. Repetition
of the asymmetric unit in an arrangement that conforms to a given, well-defined
crystallographic symmetry provides the “unit cell” of the crystal. Repetition of the unit cell

by regular translations in all three dimensions provides the crystal. See Giege, R. and
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VL 5F9 CDR-L3 Residues 94-102 of SEQ ID NO :10 FQATHDPLT 55 63 64 65 VH
8D1 EVQLQQSGPELVKPGTSVKMSCKTSGYTFT SYVMHVKQKPGQGLEW GYI | PYNDNTKY
NEKFKGKATWOSDKBSEHAYMELSSLTSED SAVYYCARRNEYYGSSFFDYWSQGPEIL/E¥S018/060dkh 8D1
CDR-Hl Residues 31-35 of SEQ ID NO :55 SYVMH VH 8D1 CDR-H2 Resi dues 50-66
of SEQ I D NO  :55 YI'I PYNDNTKYNEKEKG VH 8D1 CDR-H3 Resi dues 97-110 of SEQ
1D NO. PupsuixpfnBsyets Seistyilizg iogepf Nucleic Acids and Proteins, a Practical Approach, 2
ed., pp. 20 1-16, Oxford University Press, New York, New York, (1999).
Particularly the present application describes crystals of whole RGM A antibodies and
fragments thereof as disclosed herein, and formulations and compositions comprising such
5  crystals. In one embodiment the crystallized binding protein has a greater half-life in vivo
than the soluble counterpart of the binding protein. In another embodiment the binding
protein retains biological activity after crystallization.
Crystallized binding protein of the invention may be produced according methods
known in the art and as disclosed in WO 02072636, incorporated herein by reference.
10
5.8 Glycosylated Antibodies
Another embodiment of the invention provides a glycosylated binding protein
wherein the antibody or antigen-binding portion thereof comprises one or more carbohydrate
residues. Nascent in vivo protein production may undergo further processing, known as post-
15 translational modification. In particular, sugar (glycosyl) residues may be added
enzymatically, a process known as glycosylation. The resulting proteins bearing covalently
linked oligosaccharide side chains are known as glycosylated proteins or glycoproteins.
Antibodies are glycoproteins with one or more carbohydrate residues in the Fc domain, as
well as the variable domain. Carbohydrate residues in the Fc domain have important effect
20  on the effector function of the Fc domain, with minimal effect on antigen binding or half-life
of the antibody (R. Jefferis, Biotechnol. Prog. 21 (2005), pp. 11-16). In contrast,
glycosylation of the variable domain may have an effect on the antigen binding activity of the
antibody. Glycosylation in the variable domain may have a negative effect on antibody
binding affinity, likely due to steric hindrance (Co, M.S., et al., Mol. Immunol. (1993)
25  30:1361- 1367), or result in increased affinity for the antigen (Wallick, S.C., et al., Exp. Med.
(1988) 168:1099-1109; Wright, A., et al., EMBO J. (1991) 10:2717 2723).
One aspect of the present invention is directed to generating glycosylation site
mutants in which the O- or N-linked glycosylation site of the binding protein has been
mutated. One skilled in the art can generate such mutants using standard well-known
30  technologies. Glycosylation site mutants that retain the biological activity but have increased
or decreased binding activity are another object of the present invention.
In still another embodiment, the glycosylation of the antibody or antigen-binding
portion of the invention is modified. For example, an aglycoslated antibody can be made (i.c.,

the antibody lacks glycosylation). Glycosylation can be altered to, for example, increase the
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67 68 VI 8D1 DI QUIQSPASLSASLEEI VTI TCQASQDI D NYLAWYHQKPGKSPRLLI YGATNLADGVPS
RFSGSRSGTQFSLKI NRLQ EDLA YYCLQ GYI PPRTFGGGTKLELKR VL 8D1 CDR-L1 Resi dues
24- 34 of WwBQiid70ds : 56 QASQDI DNYLA VL 8D1 CDR- L2 Resi d#gexpa@obbviod SEQ | D
NO. :56 GATNLAD VL 8D1 CDR-L3 Residues 89-97 of SEQ ID NO :56 LQGYI PPRT
WO 2011/ 070045PCT/ EP2010/ 069120 The foregoing isolated anti-RGJ A

ant i bod\fEbro e ariRody feisantigen. stich cagolydrats pradjfigtiopasandemcrplshsd ot ei ns,

i sol at tfdﬁ]‘ REGPIIANG B \Ynk Br hl&ésiie%??ér&&%&&%%v%?rﬂﬁﬁféta%ti@& O%eﬂuélc%.eﬂf ct

CDR s o e I nvention having particu I'ng and neutrali zing
act i vi tegampichonespacte anond REVsuhstitittmins aardbamahdotdist temdivm dlimitdtenarfiont or

generating binding proteins of the present invention and.assessing the RGM
A bi ndiOr’iégoéﬁé{%arbl??%iornaﬁ(i}’%%@“%élfeéé? B dyinipite ghged gioRdt Lgfot ei n may

be ysedych Bgiyzggéy'wioﬁ%aﬁ_ Erehde'thé 8init9 of BRSAIBOGEfo afidddny SEESET dpppshcher ei n.
10 4.2 Anti "RGM'A Chi meéric antibodi es A chinmeric antibody is a
mol eculigdéseripgd wHudhérfdstaalin Bear Puldiestiaf WMORH0301 646649, andel $ePatv &ldsf r om

01 er S ST R B30, AOLRL SR DR R R L e
constant r egid@itioddety e dBerhiivily, Rrsifiéd gt HOUYBF iHe idvintioR dhEbe Mbge HAOWN i N
the ar th'as gr? glteer'eg type of I;g{;cgquétio% isfcrlllca(z azhzy]gg):oﬁii-ozs%%ated antibody having reduced

10  amounts of fucosyl residues or an antibody having increased bisecting GIcNAc¢ structures.
Such altered glycosylation patterns have been demonstrated to increase the ADCC ability of
antibodies. Such carbohydrate modifications can be accomplished by, for example,
expressing the antibody in a host cell with altered glycosylation machinery. Cells with altered
glycosylation machinery have been described in the art and can be used as host cells in which

15 to express recombinant antibodies of the invention to thereby produce an antibody with
altered glycosylation. See, for example, Shields, R. L. et al. (2002) J. Biol. Chem. 277:
26733-26740; Umana et al. (1999) Nat. Biotech. 17: 176-1, as well as, European Patent No:
EP 1,176,195; PCT Publications WO 03/035835; WO 99/54342 80, cach of which is
incorporated herein by reference in its entirety.

20 Protein glycosylation depends on the amino acid sequence of the protein of interest, as
well as the host cell in which the protein is expressed. Different organisms may produce
different glycosylation enzymes (eg., glycosyltransferases and glycosidases), and have
different substrates (nucleotide sugars) available. Due to such factors, protein glycosylation
pattern, and composition of glycosyl residues, may differ depending on the host system in

25  which the particular protein is expressed. Glycosyl residues useful in the invention may
include, but are not limited to, glucose, galactose, mannose, fucose, n-acetylglucosamine and
sialic acid. Particularly the glycosylated binding protein comprises glycosyl residues such
that the glycosylation pattern is human.

It is known to those skilled in the art that differing protein glycosylation may result in

30 differing protein characteristics. For instance, the efficacy of a therapeutic protein produced
in a microorganism host, such as yeast, and glycosylated utilizing the yeast endogenous
pathway may be reduced compared to that of the same protein expressed in a mammalian
cell, such as a CHO cell line. Such glycoproteins may also be immunogenic in humans and

show reduced half-life in vivo after administration. Specific receptors in humans and other

64



(1985); O et al., BioTechniques 4: 214 (1986); Gllies et al., (1989) J.

| munol . Methods 125: 191-202; U. S. Pat. Nos. 5,807, 715; 4,816, 567; and

4, 816, 39Avovhilalo@se i ncor porated herein by reference i mctm:eiz(nomasniz(r eties.
In addition t echni ques devel oped for the production of "chinmeric

anti bodi es” (Mrrison et al 1984, Proc. Natl. Acad. Sci. 81: 851-855;
Neuber g)@rm'«zl@&ayaﬁcogn@g2601fr“\1agla9<é%ymezldu6@@da@8moqf‘d+b@aa@lde@le%nance ofdBS,  Nat ur e
314: 4 el 0
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appropriate, ogjcal activity can .be .used. n one enbodi nent, the
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described herein Wwth a | gGL constant region. 4.3 Anti RGM A CDR
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one or bed PRl Rl SRR o2 e B RSP AT P el P il

sequences OfExpR&sing B tosAstell ProtSixaBPicLeniEohNBatsd RRHE@BMEY bé Aehidvad @Rt i on.
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the nmurine CDRs with the human franework will introduce distortions in the

CDRs t Pty anadéensle caprepnparynatyislly eFSrEng Blycosyldbonsarymeniugk thaht er est
that t | "
Va?I ab {hgy‘{‘bggﬁn{é %QQQY‘EW% %&1 ]lﬁﬁleg@ St}aﬂl&x{lﬁﬂ 1@6&if he murine

ave east a 65 % sequence
i denti tgkyamsyllatld)thfeienmrrail trethaindfi anodal cehs, |eapﬁcallyd1yman ctHaftefpatent dpplicgticofs nor e

aric r interes h and. mur i vr' e regions apart from
nd5coraOnaES T SRLadPye! o s Staien FPIR A3sGETen mor e

partl cul ar imt@cestwingia gb%ia'@é&‘@‘o@%@ﬂ[@dﬁhﬂ?e éf%hta@br%téi@Gf PRgcRRRybef rom

the CDRs have at |east 7 %sequence identity is of nost partiCul ar

i nt er esxpm@sadhaingtahlebrimyreehostrag! msmenealibafmgame@drtegxms apians glyeesylatile CDRs

h | d od du fted
ant | bodeEnS Al TR R A ph Ve Befhe’ Rl @5 MeSEVEE " 1556

U.S. PafariaMoflycoByd@6n pdR)ns. lArpract&ﬁﬁl@ﬂ ﬁlapt@ﬁtgeldttmatlsdl&te theptefeid @ provi des
CDR grafted antl‘f)odl es with VH and/or VL chains as described in Table 6.

TABOE @nteepRVERRETEDaANTYBebicesy atmnggrtteiny Ragticutirdt, dhaprpsyl bayiseyuence
123456 718200234 2R R IBI8 YRR Datlon patten eXidBis infptded or altered biological

properties

5.9 Anti-idiotypic antibodies

25 In addition to the binding proteins, the present invention is also directed to an anti-
idiotypic (anti-Id) antibody specific for such binding proteins of the invention. An anti-Id
antibody is an antibody, which recognizes unique determinants generally associated with the
antigen-binding region of another antibody. The anti-Id can be prepared by immunizing an
animal with the binding protein or a CDR containing region thereof. The immunized animal

30  will recognize, and respond to the idiotypic determinants of the immunizing antibody and
produce an anti-Id antibody. The anti-Id antibody may also be used as an "immunogen" to
induce an immune response in yet another animal, producing a so-called anti-anti-1d

antibody.
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(18) VH 5F9.1-GL (VH3-48/JH3 FR1) (VH3-48/JH3 FR2) (VH3-48/JH3 FR3)

(VH3- 48/ JH3 FR4) EVQLVESGGGLVQPGGSLRLSCAASGFTFS

NYGVNWRNMBGKGUEWMSM YYDSSEKHY ADSVKGRFTI SRDNAKNSL YL QUNSCRBEBE)10/069120
TAVYYCARGTTPDYWBQGTMWTVSS 36 (15) (16) (17) (19) VH 5F9.2-GL (VH3- 48/ JH4
FRL) (VH3-48/JH4 FR2) (VH3-48/JH4 FR3) (VH3-48/JH4 FR4)

EVQL VESeEbaympegutical SOMRSEHINS NYGVNWRQAPGKGLEW/SM YYDSSEKHY

(20) VK 5o 3al CURB AR AT LS I ) JF Ei P R il ey & (17

( VH3- 4 8ihfigin-Bird ingBeé@liorBEESCA., YORCEHL R IBTAABGp IS raceutically acceptable carrier.

NY PGKGLEW/SM YYDSSEKHY ADSVKGRFTI Sk SLYL SL D .
TA\?w%%*ﬁw%ﬁmg@l s comprising sitibdies ot the Wyerjiencire fof usg i Yifz- 33/ JH3
FRLy (\id31idmled i3 die )) if @te’ét?iﬁ '@Jdﬁ%brlﬁ hidisdRlcr.HR pFRdtin treating,

VL VESGEOWOPGRSL PGKGL EVIVAM YYDSSEKFNY

ADSVKG?FmaSRBWﬂMEWRAE@r%&W@\WW@WmMR@S a@g/o(r o deseardip)

(23) (Ilji%)speciﬁc embodiment, a composition comprises one or more antibodies of the invention.

In another embodiment, the pharmaceutical composition comprises one or more antibodies of
the invention and one or more prophylactic or therapeutic agents other than antibodies of the

10  invention for treating a disorder in which RGM A activity is detrimental. Particularly, the
prophylactic or therapeutic agents known to be useful for or having been or currently being
used in the prevention, treatment, management, or amelioration of a disorder or one or more
symptoms thereof. In accordance with these embodiments, the composition may further
comprise of a carrier, diluent or excipient.

15 The antibodies and antibody-portions of the invention can be incorporated into
pharmaceutical compositions suitable for administration to a subject. Typically, the
pharmaceutical composition comprises an antibody or antibody portion of the invention and a
pharmaceutically acceptable carrier. As used herein, "pharmaceutically acceptable carrier”
includes any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,

20  isotonic and absorption delaying agents, and the like that are physiologically compatible.
Examples of pharmaceutically acceptable carriers include one or more of water, saline,
phosphate buffered saline, dextrose, glycerol, ethanol and the like, as well as combinations
thereof. In many cases, it will be of particular interest to include isotonic agents, for
example, sugars, polyalcohols such as mannitol, sorbitol, or sodium chloride in the

25  composition. Pharmaceutically acceptable carriers may further comprise minor amounts of
auxiliary substances such as wetting or emulsifying agents, preservatives or buffers, which
enhance the shelf life or effectiveness of the antibody or antibody portion.

Various delivery systems are known and can be used to administer one or more
antibodies of the invention or the combination of one or more antibodies of the invention and

30  aprophylactic agent or therapeutic agent useful for preventing, managing, treating, or
ameliorating a disorder or one or more symptoms thereof, ¢.g., encapsulation in liposomes,
microparticles, microcapsules, recombinant cells capable of expressing the antibody or
antibody fragment, receptor- mediated endocytosis (see, ¢. g., Wu and Wu, J. Biol. Chem.
262:4429-4432 (1987)), construction of a nucleic acid as part of a retroviral or other vector,
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VH 5F9.5-GL (VH3-33/JH4 FR1) (VH3-33/JH4 FR2) (VH3-33/JH4 FR3) (VH3-33/JH4
FR4) QVQLVESGGGVWQPGRSLRLSCAASGFTFS NYGUWWRQAPGKA.EWAM YYDSSEKHY
ADSVKGRFTWERDNEKNEE YLOWSLRAED TAVYYCARGI TPDYWEQGTLVTVSECTMP2010/069120

2011/ 070045PCT/ EP2010/ 069120 SEQ I D No. Protein regi on Sequence
123456789012345678901234567890 40 (21) (22) . (23) . (20) VH 5F9.6-GL

( VH3- 3319 Pdethegs)of adpmisigying o propbylagtig-ar tharpygicpaayt of ipin3g)tippgnngde,

ADOVKGRETT SIS T GUNE LD AU ARGFTEO O VRV EE 20y (25

(26) (iflBpcHikdsRl infra@nouyidBd aB/citdBediR] )ep({dvikid-adBvinisitatioR2)ntraviHRTA3/ JH3 FR3)

(VH3- 23/ JH3. FR4) EVQLLES VQPGGSL RLSCAASGFTES .
NYGWM@&%W%@ 1S TGRSR OV ERIigY R dition,
TAVXYC@J@H&E’ IMINPeatBe ét%é%ye(( 23), by(&Bhf af iRhlcYVbk RERi8erGnd VH3- 23/ JHA
FR1) (VH3-23/JH4 FR2) (\VH3-23/JH4 FR3)  (VH3- 23/ JH4 FR4)

formulation with an acrosolizing agent. See, ¢.g., U.S. Pat. Nos. 6, 019,968, 5,985, 320,

5,985,309, 5,934, 272, 5,874,064, 5,855,913, 5,290, 540, and 4,880,078; and PCT Publication

Nos. WO 92/19244, WO 97/32572, WO 97/44013, WO 98/31346, and WO 99/66903, each

of which is incorporated herein by reference their entireties. In one embodiment, an antibody

10  of the invention, combination therapy, or a composition of the invention is administered
using Alkermes AIR® pulmonary drug delivery technology (Alkermes, Inc., Cambridge,
Mass.). In a specific embodiment, prophylactic or therapeutic agents of the invention are
administered intramuscularly, intravenously, intratumorally, orally, intranasally, pulmonary,
or subcutaneously. The prophylactic or therapeutic agents may be administered by any

15 convenient route, for example by infusion or bolus injection, by absorption through epithelial
or mucocutancous linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and may be
administered together with other biologically active agents. Administration can be systemic
or local.

In a specific embodiment, it may be desirable to administer the prophylactic or

20  therapeutic agents of the invention locally to the area in need of treatment; this may be
achieved by, for example, and not by way of limitation, local infusion, by injection, or by
means of an implant, said implant being of a porous or non-porous material, including
membranes and matrices, such as sialastic membranes, polymers, fibrous matrices (e.g.,
Tisseel®), or collagen matrices. In one embodiment, an effective amount of one or more

25  antibodies of the invention antagonists is administered locally to the affected area to a subject
to prevent, treat, manage, and/or ameliorate a disorder or a symptom thereof. In another
embodiment, an effective amount of one or more antibodics of the invention is administered
locally to the affected area in combination with an effective amount of one or more therapies
(e. g., one or more prophylactic or therapeutic agents) other than an antibody of the invention

30 ofasubject to prevent, treat, manage, and/or ameliorate a disorder or one or more symptoms
thereof.

In another embodiment, the prophylactic or therapeutic agent can be delivered in a

controlled release or sustained release system. In one embodiment, a pump may be used to

achieve controlled or sustained release (see Langer, supra; Sefton, 1987, CRC Crit. Ref.
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EVQLLESGGGLVQPGGSLRLSCAASGFTES  NYGVNVWRQAPGKGLEW/SM YYDSSEKHY
ADSVKGRFT| SRDNSKNTLYLQVNSLRAED TAVYYCAKGTTPDYWSQGTLVTVSS 43 (24)  (25)
(26) (20WOVb15F6048- GL (VH3- 23/ JH6 FR1) (VH3-23/JH6 FRPCIMH3018B6aMb6 FR3)
(VH3- 23/ JH6 FR4) EVQLLESGGGLVQPGGSLRLSCAASGFTFS

NYGVIROAPGKGLEWYSM YYDSSEKHY ADSVKGRFTI SRONSKNTL YL OVNSL RAED
TAVYYCAKemeth EIWS@VQL ct olp) 1980 wyrgery 383 507 §@)1d \At abFP8P. By Epgla B/ gk2

Ef%)wé-?%%@?w%@n( R R s e o

SWPW%WT@%ﬁM&nS&MBVGheW@E@STm&W@@&ME KB, Medi@l) (32)  (33)

30) VI 5F9.2-GL 17/ FR1 Al17/J R2 F A17/ K2 FR4)
Evv)wrrqsﬁpé CpprSEheREe @ﬁ%%‘éet% %&vw?fﬁ&ré@é%ﬁ%ﬁ% gf)@ﬂéa

GVEDR ISRYEAED THGR, | 1 29
(30) S IQFIHGFAI? JK? \é%{il e FR2) i J@O@R%@ sAnf%I/(eﬁ%dF(M))

DWNW@LHI@MmyeME@)YBmEQMWQMamle Rev.
SOV PR R SRS L PR SR RV L & A THE - d GG S H 8 During et at., 1989,

Ann. Neurol. 25: 351; Howard et al., 1989, J. Neurosurg. 7 1: 105); U.S. Pat. No. 5,679,377,
U.S. Pat. No. 5, 916,597; U. S. Pat. No. 5,912,015; U.S. Pat. No. 5,989,463; U.S. Pat. No.

10  5,128,326; PCT Publication No. WO 99/15154; and PCT Publication No. WO 99/20253.
Examples of polymers used in sustained release formulations include, but are not limited to,
poly(2-hydroxy ethyl methacrylate), poly(methyl methacrylate), poly(acrylic acid),
poly(ethylene-co-vinyl acetate), poly(methacrylic acid), polyglycolides (PLG),
polyanhydrides, poly(N- vinyl pyrrolidone), poly(vinyl alcohol), polyacrylamide,

15 poly(ethylene glycol), polylactides (PLA), poly(lactide-co-glycolides) (PLGA), and
polyorthoesters. In a particular embodiment, the polymer used in a sustained release
formulation is inert, free of leachable impurities, stable on storage, sterile, and biodegradable.
In yet another embodiment, a controlled or sustained release system can be placed in
proximity of the prophylactic or therapeutic target, thus requiring only a fraction of the

20  systemic dose (see, e.g., Goodson, in Medical Applications of Controlled Release, supra, vol.
2, pp. 115-138 (1984)).

Controlled release systems are discussed in the review by Langer (1990, Science 249:
1527-1533). Any technique known to one of skill in the art can be used to produce sustained
release formulations comprising one or more therapeutic agents of the invention. See, ¢.g., U.

25  S.Pat. No. 4,526,938, PCT publication WO 91/05548, PCT publication WO 96/20698, Ning
et al., 1996, "Intratumoral Radioimmunotheraphy of a Human Colon Cancer Xenograft Using
a Sustained-Release Gel," Radiotherapy &Oncology 39: 179-189, Song et al., 1995,
"Antibody Mediated Lung Targeting of Long- Circulating Emulsions," PDA Journal of
Pharmaceutical Science &Technology 50: 372-397, Cleck et al., 1997, "Biodegradable

30  Polymeric Carriers for a bFGF Antibody for Cardiovascular Application," Pro. Int'l. Symp.
Control. Rel. Bioact. Mater. 24: 853—-854, and Lam et al., 1997, "Microencapsulation of
Recombinant Humanized Monoclonal Antibody for Local Delivery," Proc. Int'l. Symp.
Control Rel. Bioact. Mater. 24: 759760, each of which is incorporated herein by reference in

their entireties.

68



CDR sequences derived frommAb 5F9 are stated in bold letters. reference is
al so made to the specific framework sequences (FRL to FR4) by stating the
corr esponalong1BE@45D Nos (see al so Tables 3 and 4) 5 4. #cAmEP201IRGH 140

Humani zed anti bodi es Humani zed anti bodi es are anti body nol ecul es from
non- human speci es anti body that binds the desired. antigen having one or

mor e conpl erfBAtAFGIHG CHBP @R YgTS g icomBoyicTRf the iyentitieis Aahc i speci es

and franeymnk, 53&9%1?1&% id Brotglkﬁg&ﬂ{pa%ehﬁméq%gieﬁbé&d Jﬁﬂlﬁﬁé&& n{Aewg_human

| g sequences” a WWW. NC entrez/ query.fcgi;

www. at qeompty/ qehegedi dbltmmcbded/\pmphyiaQw&ﬁtth@wn‘unc v\gwnt,djgcwmmmdng it as part
resaqur ce. com onl i neconp

www. ant i bod

VWA, utﬂf%e POPHFS MHHEK 4 wrﬁ@apaﬁteg@&# amipisterios i 5o that L RGCREER. uni - WO
201\}5/ 07199&@&@4 rg%&%@%%&r&@faﬁ%d@&r (geeq?/ §@/a{ Nd. B, 9%0m86), or by direct

www. whf r eeman. con'i rimunol ogy/ CH 05/ kuby05.

WAL | i bnjamon;, loi hkq@eecsﬁmmr@amm@dmbmdmem%mgl lacgwe gemBiolistic, Dupont), or

. hh 11996/ v] ab/ - : o
o path o S TP ox SR RRE A RPle A eting sespionp B OB Be. com
mch. harlitdage R0HdBh@bbRHEkE E@mﬂ@%hlall csngkwfb emwwherﬁmumé @av,|d gkrotighét;
pat hbox. wust | . edu/ . about . hcent er/ i ndex. -

WA, bi @tleéwluﬂ’rme&]@t_la&@m Shic YSA %&MSQM%SI:M%WS@@Q&BM@@%@ HRRE-

I / t hi t o-
il iR BNV ALR IR A0 LRSR o T STGS oAk Rlgimyt yasunl o
ks. ht Mhonmwgdmls(ﬁéceﬁfbmﬂtlbneduLabout fccl/protocol . htm;

WWW. | sac- net org/sites geo. ht
10axi nt | .imtA @ ffm}%a%wagwa@osgwa&f thegirysution isformplatgdip be compatible with its
baserv. 1Ht%hdé%u%]t{f a?'pﬂﬂgtrdtfoﬂaﬁﬁf Q§‘§fjr [ebbf administration include, but are not

www. recab. uni I nmuno P WWW. NT C- cpe. cam ac. uk/ 1 nt - doc/ pu-
bl i ¢/ | NiFR@dtonparentenral, ickyt. . intmaronony, mtraltsllelrmad,esuhwthneoms;gxralcrmlusnash}r (c8104/ ;

ngg:?ll gﬁh?%tml téag]g(}qlirlg)% %bﬁon ;&8515?115 h‘fa%sglgcjs_(gsla re%%arpaéimglqsttllra 10dy1n%astptc101gc' uk/;
VAWV UNi ggkboRitheRP@E Eoﬁﬁ@ﬁﬁ&?fs/fm&% il 2RBLdhéARfh rdUtib procedures as a
www. cryst . bbk. ac. uk/ . about . ubcgO7

WAWW. Ni mharm@eaucah R¢m%mew@p®def@wtrmnpummbmmommtwuskulalabmht nr c7/ h-
umani Sat% Onn/a-lli 1ca1a by tont YA, TR in el$t i) tur el Stl ps %or nrl]traveh S

www, bi 08 &R % P éih} i %h Pl HAER. ﬁ{ ﬁis X’r%?n%pqﬁ > CAM'EE CURY. abo-
ut.f noladﬁaﬁl‘mzhxdmgesdlﬁlemshﬁ @&hleﬁ@choﬂfbfmhuemuff@ﬂ Wher@lﬁéd‘essaz;i) thoduct s. ht m
wwmy. pat ents. i bmcomibmhtnm . Kabat et al., Sequences of Protejins of

| mnol cOFIPesition magrakserncludesn splsbilizingagentiang ﬂé%} ancsHisHe aiehj as digpocamne
mcorqu%S%ﬂ)aQ%tqh@ Wofifd £ éﬁ%ﬂ&? Such inported sequences can be used to
reduce 1 mu ogen|C| or reduce, enhance or nodify binding, affinity,
on-rate, offlf thmtoempamndni of, ths peentiorcart yo bdflﬁxlrflmisltefred to@ucaay,whebdsmpomuﬁsabl e
characteristic, as kn in the art. 25Framewo resi s |n human

f r amewdiiR OF EofBatedy L D TS Qi . CHES HP? tiRg; #L Bt om
the CDR F’a%g%ro@?téomf&ﬂ érﬁu@ohe&potﬂérf&fnqweﬁﬁ(wwhmﬁe/@ﬁskﬁmd tﬁ@QrtbSé%d' ng.
These fP wor k substliutlons are identified by nmethods wel | known'in the
art2p e.aqg., Rtmmugmm@ Rhagmadfeuti¢re Scienessaat ilomsdusfion t@ePI@DRacamdwﬂmWr k

residu en ortant fo i gen bi and

Sequendensal Polel PREGL: ot B PO o aedimar s A Sose ey oot ar
posi ti Qﬁﬁouﬁ 2eRmiBoBd or SMHREBrRS cothprisidd SearRétor NG or MoPES@RSts R echmann et
al ., Nature 332: 323 (1988), mhlch are incorporated herein by reference in

their eenipetblicasth topiselapplivationgind haying mﬁyn@glcobmosw pastieularlnewatsothennl y

avai | ah] I K e rogr ams
are aval Eﬁe@%}gtﬁne&ﬂﬁ%mpﬂd&%fi T alfleaua%nfé%a&l h(MS lgduﬁl *] Ou al?uetag? l‘rér(}shr%{sl‘lbI{(;SﬁaI
corgbor rtpcariahs, Shiulkid sl esams, cﬁlﬁhﬁﬁtsﬁﬁoﬁ@dﬂﬂllﬁlﬁhﬁlts \Ab)ves and the like, which

2011/ 070045PCT/ EP2010/ 069120 i nmunogl obul i n sequences. . | ns&gctl on of these
di spl ay¥e-pedeHires starBizgd pemaedprigh W%&fyag%we(ecﬁ RIS YRS P §@8ilizerst he

functi QiR Qfent & i H]%Wé'rf i a8 for &8 naI ysi s of
resi du(e{)gé tﬂ% ée‘lnnsf ﬁ%eﬁggdrﬁﬁ 5’3 ?%/}&o olls gﬁﬁgﬁ%tgéulcrr#ﬁn(ggﬁtx @B into bind
i ts antdsgeric ptemsurlal@th\ﬁmltaﬁllatolﬁsalaﬂumecfanmﬂac]aéé gohgblandowd plepaadofis om t he
consensus and i nmport sequences so 5t hat .the desired

char act¥hsrepithe acdiye ey IHcPaé%%”i%flya’Flf‘iombﬂ%F“PB ViHhes @w@élﬂu%ﬁf%em@) i s
achieved. In general, the CDR residues are directly and nost substantially
i nvol ved in infl uenci ng anti gen bi ndigg. Anti bodi es can be humani zed usi ng
a variety of techniques known in the art, such as but not limted to those
described in Jones et al., Nature 321: 522 (1986); Verhoeyen et al.

Sci ence 239 1534 (1988)) Sl s et al., J. Immunol. 151: 2296 10( 1993)

~l o 1" A N~ ~ A L OA NN\ ~ R |



U S A 89: 4285 (1992); Presta et al., J. Imunol. 151: 2623 (1993),

Padl an, Mol ecul ar | mmunol ogy 28(4/5): 489-498 (1991); Studnicka et al.,
Prot ei n Bngi2ng@rooag 7(6): 805-814 (1994); Roguska. et alpCT/EPENAS6A20
969-973 (1994); PCT publication WO 91/09967, PCT/: U598/ 16280, U596/ 18978,
U591/ 09630, U591/05939, U594/01234, GB89/01334, 15 GB91/01134, GB92/01755;
VW090/ 14%parkagysbin/apmaixpuc Wigigopressutacd wpatie goaea grsonopropglint. spelsasfreamg  Ep

23170 du i B oD g R0 33 By AR o Be BT BoymaBficar s,
6, 180, IpthpoSiti6ASandodhsads, foBQs HfGitsirdl. ERamPBY pf GicA28diti80] idgr8diénts @ik, welhch

entirehy i ncorporated herein by reference, included references cited
t her ei kNO3@ 18 k-t her Enbodi ments of Antibodies of the Invention 5.1

Fusison Anti hogcafctBfdof (REURRAANESI MSrises intrand R aRhBRRRAoRBPA b&ﬁ%\%s‘?c’[bﬁ@l S1Y

describes a fusion antibody or i munoadhesin that may be nade whic

conpr i sbecahposiionscapbetfommlatd in RGMrgsod fitrirh spiyy.ohist ¢rein phaeoemtof dpyisi knat i on
25 linked.to another .polypeptide. In sonme enbodi nents, only the vari,abl e
2o at on i PR R R ES pedb S A Hrthe preSe s P &
enbodi r@atéicrtfalcuitd@iihe fofm af MAdrdsodBirh %ﬁer@itidnm&n%m@bﬁr%ﬁ ip@Eksi 0%
linked to a first Polypegtide, while the VL domain of the antibody is

| i nked anrsbylissacwitlithsaisy pepsyitielaniapelhss . digdoigdifiporenacthinest pol ypepti de

in its OnAj ] W\ anot her
to Bor mnanoisEBlesReal' bttt o S TRADT dh B ids B S R i 1
separ attkelcdse offu phssifized asmidl thy désagé tkiemay badeaninked by praidihk ardlvwlo domai ns
to int§%§0t wi th one anot her (see bel ow under Single Chai n _Anti bodi es). The
VH -1 i rfieeler aneigrndi 3yt i (SPeHennd GIKEesd campeicy 9bpt ¢ der B ifof P datn  The
fusion iﬁi’ﬂilémqa{su'fﬁatb'ﬁﬁwB%Fd?nﬂla"té‘c%dn%&niﬂ%Q%%&pﬁﬁ;@@fth@ c%nﬁ(?dnld A ol 1 SSUE
that expresses a RGM A." The pol ypeptide of 'interest may be a therapeutic
agent , ssualile aswderttmxé sych an@cRBe df EAND45PCT/ EP2010/ 069120 or may be a

di ggnostic nt, such.as.an enzyne; .t hat . b asily visualized, such as
horiCer adi sh 1paraRrBACEr BF FRaET fosmbrivy Srab AT BBAR SOMPANTEE st e in
whi ch tf¥Rnd1fed BRAIE) in ShdBt@-0F Bl dis, aRpdulRQUERAR! RIdab N kB RitbRs, QBPcAfIORher . Thi s
is useful if one wants to create a dival ent or polyval ent antibody on a

si ngl e apdithpldst iTdelcsaicapsutns cht bonepered by coovantientlencans biitbpeci fi ¢ anti body.
One enh ghgggtﬁzﬁpvide A1 Ia?q“&ed %kp?hﬁg%fgo%gin mhere?nngndaggibody or
ant i boo‘i/ portro of “Fihe pef%xsc(%? %%ﬁ i@ O I ci;e(F‘igvé)tr?gfeg or’ M*iked to
anot herstdreh) q)bi}@ngﬂl?ﬁ%ﬂlﬁah&,e)r (gdroxyprapgtr@hylpelpilé @y Mlerdicqt Sudipse, For
exanpl e, a labelled binding protein of the present application can be
derP0vednisiecrysirdtinaepdiujope. qrgricign hydragen odphase) ; duhricspidyc o MaRBIER t he

pr esent i.cat i ) ] i i Sl oval ent
associé?%%ﬁagacb ﬁ@?ﬁ%&@%m% gﬁggg?gﬁgﬁgh%?ﬂ8?§%§®%gﬁ$gkggﬁ¥??ﬁgg, such as
a nucl evatiagagbntsalogt,vediuankiulydsylplee)gThe abhitsipeyg bé teatahby mothpdoveH-

di abody), a .detectabl e agent, a cytotoxic.agent, a pharmaceut]cal agent,
and/ or FOPNdE &%%il%%??@@érapﬂ%& ¥ ar painid igs sug it %%?%Pl? Ui i body or
ant i boqym RQf i Q{l‘utYMn”s,"kyﬁﬁﬁ%@%ﬁsg@Pii@&s%Pth@? R 1RDreitell 8Ph aK HoBuGase " egi on
or a polyhistidine tag). 15Useful detectablé& agents with hich an anti body
or 2ant idoostytuipar witbwatdr or hthepswesbletvehphd badacivon Swah ligeiddeeparaticng exhyibec| ude

fluorescent conpounds. enpl ary fluorescent detectahl.e agents include

{1 tior equared f v eukine e R R ST Rotsatnae ageivaGeh 8 | nel v
d'”?th%ha&hﬂﬁgbgaﬁﬁt&gl@ﬁBﬁMb&ﬁ%ﬁbdﬁMﬁ@Hkﬂ@nh@QXQQ@&%g&ﬁhﬁi&ﬂ&e@h@;|'ke; An
anti body may al so be derivatized wth detectabl e enzynes, such as al kaline
phos phamnadslyirpigeatsddigs Hethpeoroacreiak aon-gHuoos ecloglcs 6@, almend ke, ¢ilke. When
an anti IS i yat i ] ect abl it t d by

i ng it €113 Ao RE Lot v BT EEE B b DR ST U
reaot i g hpdeatyibénzoktos oxatipheid). Whe prépaeatidat aat abbeoagatuffosser adi sh

peroxi dase is present, the addition of hydrogen peroxide and

di ani ndBERENIRETINEaRY! THSCEENHE) gLl 2P BRRIPPHHC JreRAIRIONS Wi XAl i s det ect abl e.

An ant iagﬂﬁ%is@m’on%ﬁg?é@é@ﬁ | ahhiaRE 4 ddl FeIBHE! @nfroRG Ricald, Bk Eﬁk’tabigéia.”d

detecte rough 1 asurenment of avidin or streptavidin binding.
5. 2 Si ngleesc@fai propntdchio dr dsrapeutic agent(s).
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The present application includes a single chain antibody (scFv) that binds
an i nmunogeni ¢ RGM A of the invention. To produce the scFv, VH and

V- encodi ngoDhA/i7e604300perati vely |linked to DNA encodi ng acfrierzeiblosoike nker,

e.g., encoding the am no acid sequence (Gly4-Ser), such that the VH and VL
sequences can be expressed as a contiguous single-chain protein, with the
VL and VH r eldicdnghpdphidg mpientipempy 6Qmpries pylprasry edegnigrajion, gy §y gec of

(1988) .Sci F : : d. Sci.
Usa. s5: B0T00 Wi S0 T a e Eh 80 e B by ub M TRkl b B 0
Nat ur e |{.59B&) N84 63019598, 585, 3A &, 33NnH0% SBAI2A2.an8Thoey Sigay, M8, nonoval ent ,
if only si pgl e VL .ar d, .bival vanh £t L e used,
o, e YR i VL P sala S b,

f r agent7sH9uPhesloys B34, LidHes 03689 LhEh iabRdNCorvdthel heRRMY S al So
enconpassed by the invention. 5 5. 3 Bispecific Antibodies The present
appl i catfeomce thetimatirdties) lndepcaflibempedinfent ananilbuiyyofdhe mmentyen- bi ndi ng
fragnment thereof. in which one specificity is for, an.i nogeni,.c _RGM A

pol yperdt U 6P T s ?Ogﬁpp%ff&tj giwe.;lm;og%rl_él}st%"%%ﬁfe&%;g@weant ' body
can be g pahethaby @lig bRy teeBhdly RE , I0Q., @AndbAaPE 03! C

pol ypepti debof tﬁe i n%enti on t hrou%h one bi ndi ng‘do%n and_)jt 0 a second

nol ecul e t hridwghcthodatigadnvsniien Mgy demarise adninigiaiian ofrk coanpdisiigne chai n
anti,bo ien : er.at e i.nds
apali i iR Ot e PN A O oo, B B TSRS R e
ol eculigfusioa). Hosmaksons fat @fiedtioh gt legpterahicddn myie dosagatstnateqd, igmpolilesone

S oS T Bt ) Yo Pty PRSP A s S | knour
for exagp t iond STURAL; ; ~ : ight and
Harris, 20%%%%&3‘?{”?’ SORIIthIIlgn soneklgﬁ%ﬂ? %{?ﬁ:&g‘ugot%ﬁglg%llg%%g%hf I g}é\gagngodi es
are pr dpenddtousagegtsoneh ay susperaling, stah#dizingrand bl dispegyingragefits ondtanatarty, body of
the_invention. |In.,another enbodj nent,.the hjspeci.fic 20 antjbody is

or dBar €8¢ BRI SHECE o e POOR FEGIOHS! FosHan &t 1EGRG B (st vat i zed
and Lahelg6pAakinadt Rater) beforeARe el RAAYIsUT tRNind&itioR&hay Rididinagy f r agment  of
the present apPI ication can be derivatized or |inked to another” nol ecul e
(e.g., camprivee! ghpinistetior ofroommeisitions farmydated 2o depotprepBationsi Besdiylong _
pol ypepl e s io R G ¢ m By AP LB En LB GhBsbig™ | T ©
der i vatihzahiRolaelf) belbeintraguscular injeft@dn. XA 1Eaxaipled tHel Jdaghssibnambi bedy
portion of the present application can bhe functionally |Iinked (by chem cal

codfl i fermylaisd pyith suitable polymeric ov 4 diophelis srfcutaisdh 2orms 3R REUKIEN 2o one or
t il ; 0 . o
10" e L OB g QIR A SR AR IR ARG (% By ligpect T

phar macelibicalt).agent, and/or a protein or peptide that can nedi ate
association of th ntj pody or antigen-bindi.ng fragment w.th anot her

mol ecul e (sﬁw b fﬁ@%tﬂé{%@ﬂﬁﬂ&%@@%@@%ﬁst%ﬂoao 6P AP SO iREnlalgs . st
furt hergs @At RO mOr PiaRhh GRNc Ay L GO kdils AR 1L REME Q! fofB¥d R&hRAhs Of 2

| ar ger 1 mmunoadhesi on WO 2011/ 070045PCT/ EP2010/ 069120 nol ecul e, fornmed by
coval ersucloas those dwivall dom Igskoedilerid, phosphotihecetrt, bhddy taptariantidhethy, gpdr t i on
wth o or. nor ther or different .proteins or pepti.des. Exanples of such
rmunoadPdP B agdioas spiurs S Hbab homaS B B ROt eBP B R gt on ¢ o
nmake a &agwra,r@fricqgﬂe&ﬂdé@pissﬁﬁbﬂaﬁﬂﬁaepEﬂiemn%i&; 23thyldndifS Stha kBBt idARE,i bodi es
and Hybridomas 6:93-101) and use of a cysteine 5 residue, a marker peptide
and a @reeains, Al pol yhi stidine tag to nake bival ent and biotinylated scFv
nol ecul es (Kipriyangy .et al 9 I | ar. ] : 7- 1058).
Aot body  port iR Y iftslps bt iR RsSTY Rl FIE: CH R Gieat oa 1 om
whagbe aogdthadh asit dssagy farad) Yenixumpil, at & diniyopleRzedsioehicasr wageatise or pepsin

di gestion, respectively, of whole antibodies. Mreover, antibodies

ant i bodPNERRICORS heRRcGHH Aerethensttairer res ey Ateampay e eisapletisindiraiag thei ng

st andar Il NGyt [HalP1] s - i yat i y be
pr oducecglaﬁtgtglg)rlfgg@% ?‘f%%l ng te\%cnﬁlgr rmfovef agrrllltn}l tgdﬁ\log? %ﬁl?stldttﬁgggl rreﬂl(?{;g%l Bg? of

di f f er ehdpehyepesith & infusjort ltde eatt@niigspeitd pharmacdutbadiredk) watSuort sabhe
crosslinkers include those that are heterobifunctional, having two
distinctly reactive groups separated by an appropriate spacer (e.g.

m mal ei m dobenzoyl - N- hydr oxysucci ni m de ester) or 15honobifunctional (e.g.,
di succi ni mdyl suberate). Such |inkera are avail able from Pierce Chem cal
Conmpany, Rockford, 11I1. A derivatized antibody nay al so be a | abel ed
anti body. For instance, detection agents with which an anti body or anti body
portion of the invention nmay be derivatized are




fl uorescent compounds, including fluorescein, fluorescein isothiocyanate,
rhodam ne, 5- 20di net hyl am ne-| - napt hal enesul fonyl chl ori de, phycoerythrin,
| ant hani dwopbngpbmss and the |ike. An anti body al so nmay poe/Eraieloed2ei t h
enzynes that are useful for detection, such as horseradi sh peroxi dase,
galact05|das | uci ferase, alkaline phosphatase | ucoseoxi dase and the

li ke. | Whersnbsimagepsadmigisiraion 1s Dydnieetion, #h amperee @gﬁtﬁ’ﬂ jeavalpiApRicqting or

anti bo zyme uses to
producgxaﬁﬁggg%ﬁggﬁga?%%%%ﬁ%ﬁgﬁggﬂ%%%Hﬁg?eFor FQ&BH%Q%%@QdISh

per oxi dase mAmﬁhmyﬂﬁmgemnm@ﬂnmkﬂemﬂndedramunﬂbhﬂmmphﬂeauﬁnthﬂap@mMy al so

may be | abeled with biotin, and de ted throu n |re neas of

avi di n 38FNIst ¥ BEERACERLFY F‘?fBP‘??&lOHAH 1%%’6&9“ 330511%"21 'Bé GE{B@PCQ naﬁfl"ﬁit

pr edet eLilNRE sRA HRERMIFIE1ERIshARRC IREQHAL HRA MR FIRONLAL Yn bEPOr ter (e.

g., leucine zipper pair sequences, binding sites for secondary anti bodi es,

met al  ksindwidimgerd oonsi argnore pf t mphy@g@? or fherdREMicRg30tsaot pHaodgcetican antn gen

fragment ther.eo am no_aci he

oo aparong e e By TR BT S adky Mt h BB aER R RuBERS e

r adi o- | cahedree R rmétidal g dyaldbyondendtsad cai BYRRShdE@bd Yo. ng[th%f’dﬂblre for

determ ning RGM A receptor levels in a subject. Further, the radio-Iabel ed

RGM A eﬁﬁtlmegé@werﬁ@yrq@él aceneian Eutidavnipyatosrio gsubiestnBarsipy Ay, ae08 i nj ury .
01 r | ypepti des

" ncPuganahr op it Mo pocons DRI R0 bERE g or B

radi ontigveoibh tesippbdd as20dryItetild lydgbilibbd gywdbr 1ﬁ|' £ heﬂnﬂhtlchllﬂéi:hledlcoﬁtﬁﬁleﬂ.% 153,

Lu, Ho, Sm A RGM[A anti body or an anh} n fragment thereof na also b

der i vatd YRQRETOTAL 938t B8 m@Fﬁ‘(ﬁﬁSﬂ%‘% eﬁ@bi%@h%%ﬁ%la%aﬁ e%%béé;)mg,

met hy! a@'iea@ttﬁ’ﬂl%%%éﬁu 49&1gaatQ@JsP9@M%r Qttlgas%?\ﬂgnoﬁéirl%ﬁ@d &gpﬁhmy be usef ul

to inprove the Biol ogi cal “characteristics o e anti bod

i ncreaslyopielnzﬁmm@plfyldcht er therap@ummageasssn phmslweutinahcbrr@snmlnsof tla I abel for

pol peptld cl ude, a.nucl ei.g tection by

b orheaRGr Y B e PESGrER ComEs uns B edigeraddfor esston 1 n

RGM A- bg @@nmu@ %k bRreufic SRABS orq @msée@ﬁgal%a s4iRehAEhO InvBdAAn8 0l deodi es

may be detérm ned by any met hod 10 known in the art. In general, the class

and subeasisteefd \alﬁlladtwd@bdparmyatbewaéme? @ayﬁemthngﬂﬂgloam bt 4shatiat ar e
speC|f|c fo arti r. class.an subc f anti. Such apt.i bodi es
r e avar P Dol AR SR TS a8HERE ou B MR Y ol AL B By
ELI SA, HAﬁsaﬁérrbeBlg%ccﬁﬁnmédl I18gn ﬂtdﬂﬁtlvb%ﬁmadm@s .ondlot afom@bfmebmphylaen@l ass
and subcl ass may be determ ned sequencing al] or a portion of the
cor8t arft tRREpRAUHS agenty Weph@érawua FRMPP§IteHS A {ag wyciontihsupphicd it iiped es,
conpar i sof
var| ousOAD E hermREAR, B BRAMEP tRal e Hep iR AR AN SARUERGES

cl ass dmdtlallﬁjly dssliquid fdﬁm g Mﬁns&recﬁcdin@saion\{asu@ﬂlbda iDoh@&hetically

| mmunog| | i ns. 20Dyal riabl e domain. (Dwm rotelns or

i mmnog%lsif P?Iﬁgmafsa?j rfe%l?ﬁrf mgTe PRitGRiaHY ab@a%tgh HRefhap eatdrrg@liaho or

Tore antgen rﬁg/ﬂﬁlmeamg%/rﬁﬂqt RES b valient | OhRghnG: BEQUSHDKeAP for
exarrp e dival ent and tetraval ent. term "nul ti val ent bi ndi ng pr otein" is

us@d i rleash2s nggmsl; iaf IeeatSK)omg/mi adéemsit’éﬁ mghnldian pagtrl®0engimd. ohtprligichpriono  or
nore anti bi ndi ites., The tival ent hinding protein is particularly
eng noerRdas UL MR R S HePe Col TR SPHARD o1 tes, and s

general Iy nOFheaanﬂBéd{éﬁéﬂdYan@l‘%W bd)ﬂﬁgnﬁélﬁﬂh@ﬁﬂ%nﬂo—l—rh@ant&rlﬁéorg&'a’édds%% fic

bi nding protein" refers to a binding protein capabl e of nding two or nore

r el at edhermagshiddad peripesiiqretuitablg fenpapviverahedmipistration Spdisitarky, the aatibeatlyabl e of
bi ndi n | t f I | or nore
ant i geﬁbsr%ﬁﬁ@%f}béoqﬁ ns w111FB(‘)étpre S&g %s dn’i mjsectagle 581%9189 anthnﬁIP o ?&/grﬁp%ﬁ'ypep tides
an@ot wantibedit. Thb &hjébtﬂ)l@scﬂﬁﬂldtp@mtbe%&lp@l@ﬁi Sithef ierldilﬁd ot OyophilVEY HesagEach hal f
of a DVD I g conprises a heavy chain DVD pol ypeptide, and a |ight chain DvVD
pol ypegderad! a Hid of apbeintitlgendenlnar Ay- féliqde@m@aéﬁhe b Hei 7@ bsilt- élse@ﬁﬁﬂ ses a
heavy SRA Fo! h a total
of 6 ngghﬂgvgﬁhﬁgyﬁ%gantlgt gln {Lg g%ﬁgk?ﬁggg blnﬁwﬂﬂﬂ%kpgﬂ% VD bi ndi ng
prot ei nﬁcladnjbutmtdnnxdshrmtedrtaJGOdngWCMamd smtyurprcﬁtaaae medlan@mlshalt@ered in US.

Pat ent |ication No., 11/5Q07, 0 cor rated herei reference. It
b e e S RAON ot (A SR At T e
conpri sing binding proteins capabl e of b|nd|ng RGM A. Particularly the DVD
bi nding protein is capable of bindingZ2RGM A and a second target. The second
target is selected fromthe group consisting of anti inflamatory MAB
activities (IL-21, IL-6, IL-8, IL- 511, IL-12,1L-17, IL-18, IL-23, TNF
alpha/beta IFN—beta gama, LI F, CSNl CNTF, PF 4 Platelet ba5|c protein
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The present application also describes "dual -specific antibody"” technol ogy.
Dual - specific antibodies may serve as agoni sts, antagonists, or both in

di f f er entwoaothiigredssons. Dual - speci fi ¢ anti bodi es are antchabr@s/osn2nhi ch
the VH chain binds to a first antigen and the 20 VL chain binds to another
antigen as exenplified in W2008082651. 5.7 Crystalljized Anti bodi es Anot her
embodi rigRecbRtiohafl 389 eyl (apspnalbakI0gAMpos ¢ iliguit dosege form). | Frrenrabicing

pr ot ei ; el . S 109, idody, or
AL RS Rl st T MU S N T s S0

Cr yst al 1s0%).eOtdre sditabln aforrbectaotsiict steatehatoise amd taetose. WAulkngi agedtis st bet f rom
ot her f.or ch as the gnorphous solid s or the |iqui rystalline
state. 1%9@5@35&%@@@8%3@%@5 i @&afla%}y i-@b?{amaﬁg{wldw@%@@f %—éy i onal
arrays QhbifhQiBan BORSd iR HYlRISand Sy &hhiliAH AbS Ao hiC BriddpANt 1-80diNg)-. or
mol ecul ar assenblies (e.g., antigen/antibody conpl exes). These

t hr ee- dViptbrgiier(@ptimellyn§d Oanid) 9 thangyedbladudiing agentsondodpelycinecargmitneenat i cal

rel ati onshi ps,that ar | under.s dinth ield., The fundamental unit,
o but 1 5 R es B8 08 P bo L RER S0 Rl Bod S el PRt RE ey e ri ¢
uni t. Repeéthitk atlefe tubereay MABkH k& pdlPidrbdtd 26 An@BRANGRARAKtt IRE conforms to
a given, well-defined crystallographic symretry provides the "unit cell" of

t he cry¥eEnacCHdgH cOMPRTQI carpyisyy the eetifodips apa guiikadytnoghensa ithmigveniios| |

201 oAU R GEB BT e R B ER. o SRR pofhuise an egen
Nucl ei aiséil asarpatjumatsecings, thaseRisad to batcafphe abwhptioAnar digpersippof 20 1- 16,

Oxford University Press, New York, New York, (1999), Particularly the
pr esenttheBpRUtE FLQteH (B8s @piibRdy)-oh paitisylaripuscirladnrahis Ayalyromdse evch iy

fragme - di i <for ' g pASKiLi ons
comr 1 Stngh At ftkoRBinth HehRRRANESAUe) A b IR ASPRE LS HTRATIE
pr ot ei rsoh@enamgrozas Bumabibavdilabilityfollowing praentttabadoinisblaore particelaplart of t he

bi ndi n rotei n. | n anot.her enbadi nent the bi.ndi ng. protein retains

b1 APog eBr o pdGiniRate ds S SRRt AT Hicktion G KPET Sisa ehr g
protei m Q) WbelcbMYERhhPHisEBMfoRCaR] AtHisEFh BEROREI JTBRIMANS réRAYR (Rt he art
and as disclosed in WO 02072636, incorporated herein by reference. 10 5.8

QA ycosyWeRew 048t #&dds 2096 MIOR encospdyeidil irerein lof refdrendepvent i on provi des a

gl ycosyl at ed,bi ndi ng...protei n .wher.ei n the .anti body .ar antigen-hi ndi

e o e TRl RS BEEA R M b 15 B AR Sos Mra TUEE RSP | 1

Vi vo prh@ble, R Uhiigplidayd suidetodeed o) 8licHisO&RSE id1gtions MW igsctist -
15transl ational nodification. In particular, sugar (glycosyl) residues may
be 28dd edrd anfrikte solatony), digpgipieaeaissurprionadal]ety oy paviden. limsemeeasid t i ng

protei ;Hﬁgfogsz;&i&g T%Qﬁ%'n%ﬂltal rorJ:ni ({%:ég Al tﬁ@%ﬁ@ﬁ%@%}oﬁ% o?%&'&inl‘%&%iﬁ% afif € known as

gl ycos proterns or glycop el ns. es are glycoproteins with
one or thanapeutiaapplivadivat Bypies patieslar corhfitions danmith foas ofédjbctalde bhe vari abl e

domai n., rbohydrate residues in the Fc dgmain ve inportant, effect 20 on
t he ef f%ﬁg@% %%H&nﬁowclafas ?‘H%Pqﬁttloﬂ'éﬁ@inﬁ,r tuhoRe Hﬁepﬁﬂlhﬂ’“%‘f’? EBRUBKAERR ¢lgen

bi ndi n - -he j i - B (- Brog. 21
(2005) BlanS s pbod e TR PhRE R s J e R e e B e
havé anneiveaots, subcutracaust ingraperitonahl,ngtravtsculat)y rod parieulanembabiyent, the

G ycosylation. in the variable domai p may have.a pegative effect on anti body
bi i ng P g RET Y Qileeno By B ARk diste i aphopatieu B o Nl
| munol emioliffch, 0 3Rkitbd§is adBBstore®@by R@klukcd Yy driieb@ASRIuahidcnbhy for the
antigen (Mallick, S.C, et al., Exp. Med.
Therapeutic compositions typically must be sterile and stable under the conditions of
manufacture and storage. The composition can be formulated as a solution, microemulsion,
30  dispersion, liposome, or other ordered structure suitable to high drug concentration. Sterile
injectable solutions can be prepared by incorporating the active compound (i.e., antibody or
antibody portion) in the required amount in an appropriate solvent with one or a combination of

ingredients enumerated above, as required, followed by filtered sterilization. Generally,

dispersions are prepared by incorporating the active compound into a sterile vehicle that
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(1988) 168:1099-1109; Wight, A, et al., EMBOJ. (1991) 10:2717 2723).

One aspect of the present invention is directed to generating glycosylation
site nmut anpeim7edasch the 0- or N-1inked glycosyl ati on scrapedioiba2®di ndi ng

protein has been nutated. One skilled in the art can generate such nutants

usi ng standard wel | - known 30t echnol ogi es. 3 ycosyl ation site nmutants that
ret ai n OREIS; A8 dspersin meding adithgEpgaireethanigaigdisntsdeip ghase gnynsidicdg
activit j o ' j+an. I il

Aot her oG a0 AHIE Mo i3 Ao R0} e PR o serile leaBley i ng
por t i orsobftionfehd pargatlaroncthedsnafdirépaedionfaoe vexanplrgingand aplaycoghatied yehdsi body
can be made, (i .e., the antibody | acks..qgl syl ation).. cosyl ati on can be
al ter ed? Rt gf iy lo s Bl e ﬁ@l@ﬁﬁ@&%ﬁ%ﬂ%ﬁ%ﬁ&%@%@ VY120

af fi5ni tyyer@E-11BR dRBIutBR herd T TRNS o P& TuidHESE LRGN L SndiRdinkd a8t | ons can
be acconplished by, for exanple, alterirng one or nore sites of '

gl ycosydxamplsnbwiltehisa of ieoatimgisbduys lseithieriyeghe FaintencanpdEthe oerpired patticks ani no
acid subst.itutions,.can be ma hat result i | i mi natj on_of €. or, nore
Var | abi e nURERc AR REs PBARs I de PESY bR, PRl iR bR Ba5ehrEn o
that  sidoghpoSiBdadicaadieys o83t abd by iRMuding if ase: sitibh] 44 dp¥nOthat digaygnt i body
for antigen. Such an approach is described in further detail in PCT

Publ i cabbention F0030Meis Empostgpgtcyalts ambgelatNes . 5, 714, 350 and 6, 350, 861,

ea of whi 1,5 rat. i LR ent |-

Addlt  onal 1 9115y pREEY AR BBLe LR, Pink SLREAIER Gy HifaeRhb bRl b, e
made t hatictyas nnhadstk@bed ih yeearnhitidushdsymaiy tirapsutichappdicationy,xaé paoisylkat ed
anti body havi ng reduced 10anounts of fucosyl residues or, an antibody having
i ncr eadedtepdsfiadgutptEageg issybgpiansas NSEHOR, HtREeoYs JUGLOE I YR pAst er ns
have beg: t T - ARG AR d : i-hodi: uch
carbohiﬁyggggggﬁ%#%gﬁﬁP%%guggﬁg %Eg%ggﬁpl|sﬁgg&%$%¥?gﬁng§gﬁgﬁg?ﬁzyafessing
t he antdepadiing wpam thodesiedrésults.tlh caltdie centodinymos yHeatctioncorapdhind enay. beCel | s

with altered glycosyl ation.machi nery have been described in the art and can
be s oG itbOI & GRSt AT ] B e OB RpRRL St G ToLtec- ] Bt e of ¢ he

i nvent ldaﬁtrmed@&rag@%nﬂﬁgqy&qn@}ﬂdiﬁgﬁmgaﬂﬁg ¥ rdsHer@lal ﬁ&t@ﬁesgéﬂﬁqﬁ%&&%@mateﬁee,
for exanple, Shields, R L. et al. (2002) J. Biol. Chem 277: 26733-26740;
Umana elfelim¢ry systons) Bilegragilde,dudconipatible pelymerasaned ysedssuciEas etpelanc Payent

: 6, 195:; bl i j. 03/ 035835:; 99/ 380, . h of
noi ch et b inyinles, BlveR BRIy SRR PRS0, PAT O Bt s €0 ©

gl ycosyahy @ethd@prndis epirigorbei sieh &l l$eayae¢atcafedidd geirailekivvaf to
interest, as_well as the host cell in which the protein is expressed.

Di Per ehescokilgdiis ths aapep recgd,u%@taquf@d&ﬂntrgﬂ%8§§W%ﬁ@w le{pyrrelysiess: |

gl ycosy, ?gﬁﬁ a l.da n ave different substrates
(nuclegP% e s%%gTs'ﬁggggﬂ%%%%gﬁhgéﬁgﬁ%gﬁ%hﬂ?gbtors, protein glycosylation
pattern, andneengiashibodimedts, gh eyl of astilshde portivayofdhd fneentibdpamdbag on t he
host systemjn 25 ich the particular protein is, expressed. dycosyl

r esi duégaﬁsérwmf%ggﬂ Y gl Mot andpert didyanber arb%?@ma}aglerﬁ%blﬁ P%ﬁﬂ%ﬁ@o,

gl ucos f. P ] i.glii ¢ acid.
B 1 oo B B B D K B A B o . o s
suéh t helatinlrepgily cosyptasddantogablesr or insorhemted. didettly itk thewnbjed'stdhieis doski | | ed

in the art,that differing. protein gl osylation nay result.i.n 30djfferin
or ot ef rPTRHESTARTUSE PETTET el (e P RRWS T caR o APy Tt b ARt el
prot ei Nn PROME S il ddsteh18tBIRO el BBldBO SochSUSIPs@Ss, YERES, suspRsiShsy §§a§g4 at ed

utilizing the yeast endogenous pathway nax be reduced conpared to that of
t he sarmeatpisoarsi the bkprlessiorinisier a compowid efrthe mivientianueshother tharCpidertetal | i ne.

Such gl ycoprotei ng may al so be i eni c in _hymans and. show reduced

al 1 - 11 F TP T AP SRR 4P At coregsat! . PECosAtB g, Crrans. and
ot lber \WonRddd ATHBOARRGTAEBINEANORI LG kbRl s may recogni ze specific

gl ycosyl residues and pronote the rapid clearance of the protein fromthe
bl oodst r eamSupPkErNEHY aftEe cemparrds RSP b IRPEPUAEA die thacommesitionsf BY di ng,
sol ubi | j.t.y: i bi | i r.of: . L eki r .
conparf%%ﬁ?ai|zgﬁﬁ%ﬁgag§%¥%%ggﬁﬁ8§§c n|H%%ﬁﬂkéﬁgkﬂ%Pl%Fgﬁgﬁﬁ%&%ﬂw %ctors,
ant i genindiot goadmiinatdrel g@hba¢ diymoAcalditdinapthyrapeutte qaeas that aensefulréy prefer a
t herapeuti.c protein wiith a specific conposition and pattern of

gl ycosyFatiPgRisordsss 18 %GM) YIS GSH BN 5% PXGRPEN 4" BREREIM 4 dent i cal |
or at least simlar, to that produced in human cells or in the

speci es-specific cells of the intended subject aninmal. Expressing

gl ycosylated proteins different fromthat of a host cell may be achi eved by
genetically nodifying the host cell to express heterol ogous glycosyl ation
enzynmes. Using 10 techniques known in the art a practitioner nmay generate

o o e - o o " o Y .



15 20040018590 and 20020137134 and PCT publication W2005100584 A2).
Further, it wll be appreciated by one skilled in the art that a protein of
i nt erest waywohe7expr essed using a library of host cellspgempioabdigo

engi neered to express various glycosylation enzymes, such that nenber host
cells of the library produce the protein_of interest with var

gl ycosyAEHP oI IPREHROTtAN Bf e i YNHpR Mapdy CPF%Wu@éqdeaé@/Oéﬁaadr%@rSéﬁr@i t he
rotei I S.

Bart 1 col B Pt Bt iR A OS] QY. AlbANePAL] Gha

gIycosyW&&m&mop&htbnnmzﬂhuﬂhmﬁnommﬂ@yeHuﬂhmaiW@Dedobmmhngnmadwpob@erties

5.9 Ant.i-idiotypi,c antibodi.es 25In addition tq the bindi roteins, the
presenthq’i\'}l@ﬂt“%/ag(rPeluée IO RRasioR Lt oy TRyl hﬁ‘dﬁ%&gym hétg RUHC2gY St i body

spesi fidych@bmdHahoP RPN, rﬂz[ﬂat(ﬁz'aﬂtﬁg&fusﬁlhﬁlhz&’ﬁgr'd@ﬁh c0f MRLHmiHstali body is
an anti body, which recognizés uni que déterm nants generally associated wth
t he antthgepeusicngdéniy thegivorling pesibiciericiiesiob ceiypplicRiensaarsocistdd wath the prepar ed
by imunizing an aninal wth the binding protein or a CDR containing region
thereofwnﬁﬂngWﬁﬂﬂﬁggﬁ animal 30 will recognize, and respond to the

I di otypi ¢ detegdHandhBoddhehtfan ARRYEdZ loMRIGRNA I Gd¥m3Acth et tiakéntoant i - | d
anti bod The anti-Id antlbody may al so be used as an "i mmunogen" to induce

an i m‘rugéf s pdensiing yehyade kagwot Hethe arti Srch, vepictrd esludy. Autsae eaﬂ 1Ilfét§ed to, the

an an n 1 R 106 eutica
Hb05|Fkgégaﬁhﬁ&ggﬂﬁgn¥§§§%f%%ﬁzggég §%%V|§%&g ﬁd%%é%%gt? gg%p05|t|ons

conprlsn@ghammﬁmknmdmy09@98amamge@ubhﬂﬂdB@Tp@pmuﬁnoﬁhbrﬂmﬁ99@5@Mh@hwh

invention and a pharnaceutlcall acceptabl e carrier. The pharmaceuti cal

conposi HicTEdy IR PERISH aﬁ@ﬁe{?aefféogaayptlwesq nvention are for use in, but
Snot limte t

or ovent | ng. P ronef HERGSHAor AELEIE o Mon Bene BP R iRk RO RAnock? o
nore s _yampd)cbng af hnﬁ_[‘tmd& of girrdhwmtion or esebergiopHytactic op émrefpeutuear@mdofﬁhnt a

co OSLtIOﬂ.CO rises one or nore anti bodies of,.the i ventlon I n anot her
entid rHHRITIOR AE AR MEEEL oAl PESBoIAR $n oL HRTIqaEE BIEIOr 1BS 8T HAT bodi es
Of L he i, Rih] BrcBNBy RAP oP Lol tapy. TR RS LCrcREs IMEAREHLITGmAAIAR S Of her

t han an odles of Oi nvention for treating a disorder in which RGM A
acti vi taylmuslsfd@ttqm trenublect Fantekpigbedloy exprigsitde opHyicacdi bn s enthedapenitoif c

agents known to be use ful e curren use in the
o eventb i Cptich, MialiE Rl radlce Rt Odrf By BpaS i bERhY e BB 885 0 o
nor e SYappiitQTehd MeE@ . thdtﬁn@’tﬁ&@d’ Q@@?Bylﬂd:t’idbr&ﬁ@&ﬁetﬁﬁ*éﬁéttne nts, the
conp05|t|on may further conprlse a carrier, diluent or excipient. 15The
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i ntranmuscul ar, intraperitoneal, intravenous and subcut aneous), epidural

adm ni stration, intratunora



adm ni stration, and nmucosal adm nistration (e.g., intranasal and oral
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(conmposed of, e.g., gelatin) for use 1n an inhaler or insufflator may be
formul ated contai ning a powder m x of the conpound and a suitabl e powder
base such as | actose or starch. 15If the nethod of the invention conprises
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stearate, talc, or silica); disintegrants (e.g., potato starch or sodium
starch glycolate); or wetting agents (e.g., sodiumlauryl sul phate). The
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agapt. Wiere the node of adm nistration is infusion, conposition can be
di spensed with an infusion bottle containing sterile pharmaceutical grade
water or saline. WD 2011/070045PCT/ EP2010/ 069120 Were the node of

adm nistration is by injection, an anpoule of sterile water for injection
or saline can be provided so that the ingredients may be m xed prior to
adm ni stration. Anot her enbodi nent provides that one or nore of the
prophyl actic or therapeutic agents, or pharmaceutical conpositions of the
invention is packaged in a hernetically seal ed 5container such as an
anpoul e or sachette indicating the quantity of the agent. In one

enbodi nent, one or nore of the prophyi8actic or therapeutic agents, or
pharmaceutical conpositions of the invention is supplied as a dry
sterilized |yophilized powder or water free concentrate in a hernetically
seal ed container and can be reconstituted (e.g., with water or saline) to
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prophylactic or therapeutic agents, or pharmaceutical conpositions of the
i nvention should be adm nistered within 1 week, particularly within 5 days,
wi t hi n 72wbaurizomst hi n 48 hours, within 24 hours, w thiPpoTEP200006%20 W t hi n
6 hours, within 5 hours, within 3 hours, or within 1 hour after being
reconstituted. In an alternative enbodi nent, one or nore of the
prophy [ EEXAMPBES: { her apeutic agents or pharmaceutical conpositions of the
invention is supplied in liquid formin a hernetically seal ed contai ner
i ndicating tNjg@d@ntity and concentration of the agent. Particularly, the
liquid form™fF the adm nistered conposition is supplied in a hernetically
seal ed cont aIH&%ll@fomngﬁ&hocﬁ R5crim/iffdetalT®lEcpefieftdl probyduaés Use@stth@- 5 g/ nl,
at least 1 ng/m, least 2.5 ng/nm, at least 5 ng/m, at least 8 ng/m ,
at |easExawlwﬁeﬂon at | east 15 ny/ kg, at 25l east 25 rrg/m at | east 50
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manuf acture and storage. The conposition can be fornul ated as a sol ution,

m cr oenul si on, 30di spersion, |iposone, or other ordered structure suitable
to hi gh dwogooiarreestration. Sterile i nj ect abl e sol uti ongcrar2de/opyiepar ed by
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30  assays.

ELISA plates (Immuno Plate Cert. Maxi Sorb. F96 NUNC, 439454) were coated for 1
h at 37 °C with a solution containing a concentration of 2.5 ug/ml of recombinant human
BMP-2 protein (R&D Systems, # 355-BM, Lot # MSA04). After the incubation, unbound
BMP-2 was removed in 3 separate wash steps with PBS containing 0.02 % Tween 20.
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with one or nore additional antibodies that bind other targets (e.g

anti bodi es that bind cytokines or that bind cell surface nol ecul es).
Furt her nowe,2onm@o@s nore anti bodi es of the invention mycChEPIE©d69120
conbination with two or nore of the foregoing therapeutl c agents. 5 Such
conbi nati on therapies may advantageously utilize | ower dosages of . the

adni ni dtleskdng phide B0 atsddlntes W%Srfi%leé?\y@ideanﬂg?()ecb% srbvel ek b Bregeor
conpl i %@H&%u&%@%gﬂsﬂ% ROLK: % %‘9&1 If’:‘%fff%? mcubatkon ? (1) %dett arn

enbodi nents, an a A or f grren ereo 'i'n
hal f -1 |3‘7e°Cexlﬂeelﬁd¢kmg soélhlnccd ‘&adqremmed and R@l\/hmfragﬁnmlts Mdhll(tdtgﬁl pocdinnde, but

are not |im t(é &% t he éOFc mai n, po tgél ene (% &CI and dextran. Such
vehi cl e9NEeated 3dth-q g TUV@OHAEJ% 1 VerRddsd{ 131s0M5 SXRRBIIES 082 and
pubki shgebsdds &&l@'ﬁr&aédwafbdmth éﬁ@f&%&%ﬁ%éﬂ hivBNER Iﬁl&%nﬁ%ﬁpb{ al RBRf por ated by

reference for any purpose. In a specific enbodi nent, nucleic acid sequences
conpr i gempemtest. @@ﬁlBiémedmé@€$W@@dnm@atﬁd W&ﬂlthRﬁM/Ao‘flth(hreVllthwentl on or

2 nt <vBPRERY BT "6t ATERS SUhbaBeT M P R O BN s one or

nore syARbRE wiktes Bthmb]Mbé/l@d/aer h@ane fct Mebady (1 nieeme diired a@poiePBRS to
t her apy perforrred by the adm nistration to a subject of an expressed or

expr essioptagning 810 BSeit)2 Yonl wenn OdfpekspndmmuppResarch soiaing nm 709 %5nucl eic

aciygs pyyed b agent
of Bne T uianahS! FGrORRSRT AL sphp R ORTY WS HEpalih PRSRAEAD 0mny

of the (0BRROHTofvisualienieinding odphe Bimsanilaialeel ann-fc Iaﬁtllaj’dy, eadstnplex usmhtmgtufr di ng

to the present invention. For 9 neral revie ds of gene

ther ap tre@@éld@arﬂ’a%oﬁic@pe dioche, ca ﬁéé@891@9%)&!11%5?9%‘%%'EBSmgtas‘esg Oxﬁu and
Wi, 1991, §d‘l§§>’

Toxi coI 2 ee%ﬁuoﬁ%?sgagige&-%@?%ﬁce 26{"5191{%1?1 %’W ?199?5 I\/brgan and

An d er s d?e;roﬂ%@—comptnx \stemBVﬁtinéimubﬁalueﬂIQ&ashfsVe;ps K,BES -Tiae8 ,20'[‘(1) BIE/OH 25

5-2 d | t .
UB oy et e eRa G aabels (faaump e TS Aigger G020 he Dipstile
Cur r entref&i@h@%'s%pb@d Mod (e Hfer Bs Qh@8Yn toltfﬂg Qve‘ﬂg bo?ﬁ LD, Pt 1293) ; and

Kriegler, Gene Transfer and Expression, Laboratory Manual, Stockton
Press, am'ly(zchgﬂi? deanamitien) ajesave ybﬁtﬂgdmde‘SO\mm hgng anrdnHed @h@ﬁon@me t her apy

are discl os 2664 Al which is incorporated herein by

ref erence. ggﬂweﬁ?g&u Vet ve agent being it an antioxidant, a radical
scavengers, Mm@ Ntcra-CQENINEic\dtLfidddfrdrh kiee Bh@MmAt@dIRcGén mhleh@mghxﬁsﬂg ug
Erythropoetl nis suitable for a conbinatori al therg}p Wi th pro-regenerative

RGYOA andlilsddidares{ @Y, Brapesehivaig) tezansteaks of yediffeigniated Niespdpslisi ¢
treat é e‘%a%(a% gMEWmQ&H&OC%%%Hﬁﬁ%%B/S fetal bovine serﬂ}l F?f%,}']ﬁﬁcﬁlg&l T?e’r i ng

anti body portions o e 1 nvention beUsed to tr umans su
from suCdnsal, $5a9end 5% wheubdinb@$irsdens t@athahhaCellhecandrotadn esltuwé t he
invention or antigen binding porti n t hereof can be used alone or in
conbi n ‘ﬁ%ﬁ(ﬁFFﬁrgﬁqﬁﬁWhW%ﬁngéﬁ@ﬁ? cQa enCE’aPtIerapeutic 5agent, said

addi ti onal._aqg b BRlNGBehaalaINRE bReI KL Bt haghib o old 1 mt ended

pur pose. For exanple i tional agent can be at apeutic agent
ar 25r eaetisil Zedmasm diferegtiatief utditm (DMEM mbdiuni ceasengi 0 oRdS1 5 YnHBel ng

treat eq) by t anti body. of .the ent| on.. The a ion nt al so
can be b SR paereots BanDRND: bRV berbretie S el e
CONMPOSithé B8y -excithod@Biite aWakeh effects the viscosity of the conposition.
10It should further ge under stood that the conbi nati ons which are to be

i ncl uded wi thfter diff¢rentiatipanedllsnwese éet@MéeViﬁﬂmShaEDEfﬁsand%ﬁmt afrgtio phei r

i nt ended_p The,agent s _set fo beIo illu ratl f. r poses
and ot ot aEE SR e 3t b aBPrBrodh B e g PN R asRH; FPS
i ngent i@ns weaNtrdms e f@fdc?gfbgdh@tﬁlrﬂfev&f hedipiEB®iew Shag gl dﬁﬁu@rﬂhsﬁé | east one
addi tional agent selected fromthe |ists below The conbination can al so

i ncl uddCrpreg.that- Daberentiaied Nicsardicchyware allewgd to pggaegstc wnlcesmaefli t i onal

t h f
Pa i mtorizbdlE) SRR B o7 2 1 KRB P R R L) Y HERRES O
mul t i plweitisBR2(Gis), wutdmink (@fbcaharairpdnbﬁ)ldiyl-streptomybmbbld@taamgtgre(gmes oferd he

i nvention can be comhi ned jnclu e follow ng: corticosterojds;
pr edni SEFdHet aﬁé?%tyr%@@mﬁﬁg%%t@ﬁgﬁ—%g%&%?%% nse COY?S‘}& llbglh%‘swﬁéﬁla&‘é; The

81



20cycl osporine; nethotrexate; 4-am nopyridine; tizanidine;, interferon-13la
(AVONEX; Biogen); interferon-13 | b (BETASERON, Chiron/Berlex); interferon
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10 containing a predeterm ned quantity of active conpound calculated to
produce the desired therapeutic effect in association with the required
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only anfleRé®om e sufth@sfadhd®@ dishWith thh eophadR& th®maGi geintdfg dfvargd. ai med
conposition. It will be readily apparent to those skilled in the art that

ot her dithanghwashaddrleareavicoties dErelanl daygpende thergatex apf shogormssiel e t he

i nvant i . cLi rei. | i itabl e
eq\tji%valrgér}flg%gﬁ %h%ggvgepaglrl{ﬁf ﬁ%f?é}lgﬁ%hu%tscoﬁgag Qﬁl%g% ?‘ﬁe&%{ﬁ"% ?g%%%lrtﬁ he

enbodi nanyigdhs cdvesdip wsreatafullHaviddgipgide ddesacrittothd conesljr asiapithd Butmi i on i n
detail, the sane will he nore clearly understood by reference to the

f ol | owi Hghenatrdrsbste-gpripgnrted Wil Inpgth ddbitasy RO goees—Hrementy ex iegembratin| v
and ar } L t i 4] . _

So11r 0JERTER E%gg%j/ g%%%gongﬁl\z/% E%]:(M) d}wgtt‘?{g%gﬁ%w’uh%@#é%\?%? oW ng

met hoddalsdscantbmoise aébady (Fahepeotfe goatantiahoyse dgediigms-Aldeach Cat. #ife Exanpl es

secgtion i) .Direc i ndi ELI SA.pl at.es.were coated w.th D) at
2 Sbnoc Pl G R A hrinselruBaETHNr Sr hegl Sk e REVbATHIS

bl ockedinyibddy ¥Rl i9estRglySRkbstbd Aot dH Be Ba) chhfel IELLUW IAY 1FO@ matrix
tenperature.” Biotinylated anti bodies were serially diluted with a 1:5

di | uti ghrough thgroutlat channelB8AisPBBOYedwithRKptreclethdA ftercopidiation pbthel hour at

roomtenperature. T ecti on reagent was 1: 000. di I of

ot RGO Hsin 16 L5ho75 ol BRI Rl dutnCoteni oM £34% | cagent
whi ch waghsd 9pReditMind FEMPB§.CM R xORtcpatic boadslpt wHDHRNGM A stripek iy FACS
anal ysis. Stable transtectants of HEK293 cells overexpressi ng hRGM A or

BARS cdransfergd fex gt asliphc.rcanRbmit 300rd (lispett e tih Cotlaganilngesipr h

unl abel : ro.: t 1 nyt J A1 % BSA/ PBS
put { or . EErRt pe il KR LR To T PPty a0 £95Bh e ROMANBE T body.
(i 11) Saintd dvas hiesdatiet k637 &6 $@yShduos. e el andtal pag M aliEDaiing HtREM A& ROkOgeNi n

bi ndi ng assays. LI SA p| ates ﬁ,l no, Plate Cert. Ngxi Sorb. F96 NUNC,
4394543 agernk wap profucedipngpe eovepslipy pHeningehitians iosrbayd Sollogen Liyasyy of

t he ext i IS whidgged . N r i
(concen‘{]??ggf&li %#1&% y@?%%?%%%u‘%%@r?%%&? % g/ rr?f%f.)&A t e%lg%ﬁg??%gagacg %%{ﬁv,@reunbound
Ne @§eniplatedsntoehowmdrslips. Inadptomd £thes$hS¥ O ¥psllwon theRrBBemod saistategvdd. 02 %

pe e et S T e e e Pl e 00 P
% bl ockiiRgtcd AbsihitMumafifR@M Ancubation for 1 h at 37 C the bl ocking

solution was renmoved and RGM A fragnments or full length 25 protein,
conj ugat ed viar imguhofteeresoenecaanalywistohllpwers fixedun 440 prtsddmaldetigdeaigd e at | n

some experinments, anti baodi. L reincubated,wi.th. the fc- jugat ed hRGM A
ot er nBogPRRe RS AEHiER ab 3 P FRHBRIET sl dok S ki SPRIHBANER

i ngobated oy titon PREYD Forwiot-DO aiin W lobaUtEmPBtatude di e bldukink Wit 93 BSE. foAboer 3
wash steps with PBS-Tween 20 (0.02 9%, plates were incubated with a

Bi ot i n-EMEsglamcre Mawkated with Hici nsBeayy eniikydy (meppelpea) anti-doobulin PEgP8d
706- 066 heurd Biith AR 8 oy ZHOTA" IIRNATERERCE B2, °F, oo

Wit h PBSvaueessh28:ps Ovifhith@decolidary iastibddyZ €y dstikag anti-niduse Bickidnimhainel ed

anti-fc_ antibod conpl ex cansisting, of Streptavidin-Peroxi dase (Roche,
cat. # ROSYLS §9%§%5%7 digedn P800 Ol iseste R RPFinyere ceunpgsstained

2011/ 070045PCT/ EP2010/ 069120 % BSA, 0.02 % Tween 20 was added, followed by
i ncubation at 37 C for | h. Unbound Pes3oxi dase-conpl ex was renoved in 3
subsequent wash steps (PBS-Tween 20 (0.02 % before addi ng the Peroxidase
substrate (Il nmuno Pure TMB , Pierce # 34021). The substrate reacti on was
stopped 1-30 mn after its addition to the wells by 2.5 M H2SO4. Pl ates



5 analyzed (OD determ nation) at a wave | ength of 450 nm using an Ant hos

phot onet er. (iv) Solid phase ELI SA assays for evaluating MAB 5F9 in
hRGM A - BbRefi/dboadi ng assays. ELI SA plates (I nmmuno Pl aeT@pedto/obdze Sorb.
F96 NUNC, 439454) vvere coated for 1 h at 37 C vvlth a soI ution containing a

concentration of 2. ? mlL_of reconbi nant human rotein (R&D

Syst engising baab&namldﬁ@ Bt Bs thacnaf plaft A- H%OZ)nE@th@ré mally, gbedfegvp- 4

was re c I 0 ween 20.
B ocki o Yaforoloch KRR, ERLAbERS AldchiElIRLC AL 3 Dlobg Dl SeIoRr 20 4

3 % BownakyzedaumngaibumptanQBEﬁA)qscd?BsmﬁrmmpeZDelé&) 02 0/() bl ocki ng sol uti on.
After incubati for . t 37 C, the blackin s renoved and RGM
A fragments 89%?]0&?'1% @ng CHEISEO ri@%ﬂ%@ﬂ?ﬁf%@lﬁv@%n fc tag, with
or wi t hgltpRAtdLOEHN twmmqleagmeh@ oF QL P BRI RN bl @R QA ASinY¥  Bhan

prei ncubated wth t% fc-conjugated hRGV A proteins for 1 h at room

t enper RGMA mvheclwamlbﬂﬁaﬁseﬁ 9pllndt8@§ W\mcéone\donmaﬂt rdybki exprésROMVACtel t h or

t hout t fo with PBS-T 20
(0" 09" s Rt e FaleR e b Fegiom Vi et B BERth b T
ant | bOQMutﬁﬁdSm/ BY hoslblodb@fredordbifatich iRBactéHa Cdb @it Aigndaré a%e St to0. 02 %

Tween 20), Jackson | nmunoResear ch catal og no: 709, 065- 149, for I h at 37

C. Un b@\lﬁfmn@aﬁtangww%@m ehousl Iy(EY m@bﬁr%eb@nwttaﬂm BB, Tigsmmo, (‘|b7 02 9.
corbi srtag dre G i eglulR B b LTSS B8 B harl by ML BB BefO ™R Pl e

1: 5000 chéricd 1ﬁB§HybEtx&bmr ogntinth g% BfAan KapP2 constane esgic E\maplaﬁ;d@[dyb-izol | owed
by incubation at 37 C for | h. Unbound 25 Peroxi dase-co was renoved in

3 subse66eRt NGRds theid hdEc s 2ndpElybbdi(ed  zneq (SB%U&P@% &pﬁacatt% S8rbxi dase
substr gﬁ&‘ o1 L IPTURe) ?‘dﬁl%&%\’ﬁantéﬂcﬁd%%rgténﬁéﬁ&eexﬁ&ﬁ%eéqg§gﬁﬁkﬁ25 Li on was

stopped 1-30 mn ter | tion to t Pl at es
wer e artednyfeeiubt( R hileter hangtind hghtaﬁlam ohavAs ligated hlt@fhez}ﬁﬂzbﬁmxpmsslgn an Ant hos

h Sol.i d p EL| t MAB 5F9
P A EECY! nsEe g S oaBanE RBmpaA ibed PRI A TuOR A Mei
Sor b. hMHN%mél%%g%h%ﬁ&b&ﬁﬂtﬁﬁbéww&s Hul b%d&tlwnbb a@d %fob'rt i on

cont ai ning a concent ion of 2.5 recoirbi nant hurman BMP-2 protein
(R&D Syfir,mtémdles #ve%ﬁewmidﬁndﬁdlakmmqno P83 . erhetpuaificd entivhtinen RGMBound BVP- 2

was renoved arate BS co % Tween 20.
Vo 201 T RoHEHEHPEREG 6o lEE Do rEt P HEREREMA B TR AR At es was
done bydeaehbictgn BRApIA 1ngid corlpktiGdn BLE Xaf@ustiieedsia Biampldouni n (BSA), PBS,
Tween 20 (0.02 % bl ocking solution. After incubation for 1 h at 37 C, the
bl 88ki ng sol ution was renmoved and RGM A fragnments or full length protein,

conj ugat ed vl e eI hfioh 88 AW ifin Gl REMACHEN A6 GHYoNfAS added. I

some experi nmen =tonj ugat ed hRGM

A proteins fpr.1 h mte | ates were
Meubat ed vidth P RohER B LR ad s B L P TRy 257 i ter 2
wash st eps vmth PBS- Tween 20 (O. 02 %, plates were incubated with a

Bi oti n- | abel @it i1 AbLiiBAniAtidh toff P Wikl igmeh RIGMA ealtiden200 i n PBS
containing 0.6 % BSA, 0.02 % Tween 20), Jackson | mmunoResearch catal og no:

709, 065- 10r -five mibdd @a&nﬂr&on&mm BeriACH hRRLYR OREA (REDVSHidYs 3 wash

steps with PBS-Tween 20 (0.02 % . To visualize binding of the

Bi @6i n- (Faa%%ﬂSé)cRMrlpi MRHQA i Hbayxedavidoeqnplste doermidst admlgva@f (Slgma)vvaS

Strept av: Per XI da g GAl 3001 Iut ed wi th PBS
cont ai Akged RS RRE RO B SRb B B R o et By A Bt | on e
37 C f afayb b1, 4nbalieB] tReit9xlvdasieropedin @ﬁ@ewﬁblﬁm\mﬁed nulaalsammquﬁlﬁéd wash

st eps (PBS—TWeen 20 (0.02 9% 15 before adding the Peroxi dase substrate

(1 nund¥Byleompigte F@p@%s(;aéiwaeu@zgma) Waanigatsd srkauganeaudy ndhthgeams topped 1- 30
mn aft t i e l44S lyzed
(D det i sTrRBEOLAR, b, Ol RaCoRbyds il NER hise Rt ER RSy SRR 10E ST
(vi3p thegme(ﬂnmehrhtmmﬁbdlhembﬂm}\/mt era-2 cells were obtained fromthe Gernman
Col I ection of M croorgani sns 20and Cell Cultures (DV5Z, Braunschweig).
Frozen stocks of undifferentiated Ntera-2 cells were thawed in DMVEM nedi um
containing 10 % fetal bovine serum (FBS; JRH Bi osci ence,
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Kansas, USA) and 5 % horse serum (HS; Sigma, Germany). Cells were grown in
culture flasks (Geiner, Germany) until they reached confluence of 80 %
For neur owel2odid7d@senti ati on, Ntera-2 cells were seededpatr/Ee2@ensitty of 2.5
X 106 25 cells/ 175 cn2 in differentiation nmedi um (DMEM nedi um cont ai ni ng 10
%FBS, 5 %HS, 1 %penicillin-streptonycin, retinoic acid 10gM. Cells were
di ff er ent i aticmR)e 1§= zpugratign of Bybridemia,m was exchanged twice a week.

After differentiation, cells were detached with trypsin-EDTA and split at a
rati o of 1:eplywkytcapkipingefioonidk melunizedsste desephechindekapiple hggh wgref r om t he
under | yd i shodaed..30.cel | [ r r f.or ) ion in
new mecﬁu ge%‘lgﬁjt‘ gﬁ%/g\%.vcglﬁlsa%%ﬁgtl%gf‘?grag %rﬁﬁéﬁ%{}f%gt%%ﬁ%hge?%%%q @%gﬂfitfegﬁént i ated
Nt er a- Keidr 6. wed Blilciro Ve, Natuag @56 gédseo ke hte IbAl dmi Fugienpaldustsaki ng
conditions at 37 C, for 24h in Neurobasal nmedium (G bco) supplenented with
B27 5( G e e plateyl insalsetinn meglip contamig qrarar pnd AYRAXaBIMNSH) 8ﬁﬁfyelkwléﬁe&atza

aggreg : e it i .y 20 egat es per
cover s ?%twlggf?@e?ﬁg%ﬁaetﬂggmﬁ% Sye;\)]g ﬁ%g% prglcsz%gtlglgég(s)v %rsl i ps were
coat ed hybtidotanodlohies (20gassatved SSupreeatamn dom dabh tied coetaoniyg hgtnmidotra- coupl ed

hunan A fragment,K #7786 1 acids 47-168) at a concentration of
10i Li g/ orlioar SricR by fiEeet é@ﬁ%?@gﬁwwl%ﬁa{_ PWSF?P%ORQHSIP@%’W%PH]&Hded at
three didGiel eNlISAGRSERE Cal %if?ébsx?z]e(rg-tés'téd'iE/FmS Al Skble 1AhdtGlafek03t he

cul ture nediumand were 5 further incubated for 24h at 37 C in Neurobasal
me dOum ceAg grregaingshumemnent foe nat fR Gidd.. iThest 126 Ipdridbowrrall diebs derc(sebscqnanimn

t enperat ure) .and bilized by, addjti fo 0.1 .%Jritaon X1 j o PBS (20
o r dod B BISR W SRachrndeth i Bty af BV PP dhGia W eh
PBS conf7aj 4y fagiod pbetBRA for 1 h at roomtenperature. After blocking Ntera
cells were incubated with a nmouse nonocl onal anti body agai nst B-tubulin

i sotype 3 (clone SDL3D10, 10 Sigma # T8660) for 2 h at roomtenperature.
Unbound anti was . remved di fferent ) teps (5-15 mn each) and
Ntera cells 1%3’?%7:@8%55381“%%@% @8@?6‘&’?@@%&%@ anti - nouse
antibbody (Jackson | munoResearch Lot 62597), diluted 1:350 fold in PBS/ 0,5
% BSA ag\qa[nQe 5 i ugf;pl hipglienzi nFdes Ater a 1 hmiredtRIUSA | DivecCBLISKes were
washed I'mes to remove UunboHRKBBSGHREMA aniRAAREMAFOr hRigMnescence

m croscopy, covendluRfsMgere 15 enmbedded in Fl uor onount G- $e8HALG S ot ech,
Echi ng).. | rages of Ntera-.2 aggregates e acquire sing a Zeiss
Axi overYILOBE| ubfescence ni c?gicope and the\/}ﬁ(lgjtgrowth o?e?he cul tures was
aut omaticablsFoandbyzed using &S i n- house i magesacqui siti 885 and anal ysi s
system Automatic analysis of outgrowh was done with Image Pro Plus 4.5
and the statistical analysis of the data was performed with G aph Pad 20
Prism4. Qutgrowth was nornelized to control cultures grown in the absence
of the humarEdample2 geRLISA dinding Adps dband 81y r e, SH SY5Y cel | 's
(ATCC, CRL- 220G .afift FHIBTANGHIBDSRSARIED Cobli %o ARG R0 {E Gflifr fREGSLAL I C
brain tunor. These celTs weire grown in a medium consisting of 50 % Earle's
25 2Bal akes@teSah tbBelsattiomGl).| MAR Figens 4lsd shohecth rboddogiretR GNaA in BLIZ4010- 043)

and 50 %. Ha Nut r i ent X + ta -1 (lnvitraogen Life Technol ogi es,
or e b capble Frbindiie oseRiHo ke pn Bt Sathg [ Mo s Hal®! ©9
heat - i ngaEs%&Hedd 301 %id FIAHER2YS cQRMNBIkPeing KGRI ASAIFNEE Figdf@neas Cat. #
12107-1000M, 1 % NEAA (MEM Non essential Amno Acid solution

( Si gma-shpas iheh SEAbutthovBIA 5 capahld of bindienBAFB Icells ¢vEoexpoBsing natRGH et onyci n
30( 10. j I nvitrogen Lif echnol ogi..es, Cat. # 15140-122). To

sti mul tjgé%gﬁ%%ﬁ{as8?%%?&%%%??@&5%860 l%g}tl)h of neuronal processes,
SH28YSY cel |SolidghascCRILISW @daysivdie diddnto 2unhte MABEFOWikdind Bl ddabficki€it-¢ Noi C
acid (RA, _Sigma-Aldrich Cat. # R2625-050M5) ) for several days

Di ff er dRGMAmcspmaysiveing|apsysdldS drideiss warcnreped d used as désgrRasd iand wer e

WO 201 04:5P / d I k i
pl at ed ]%gtzogll 5 ?soqgo%‘ge)%gﬁjn? %é)pq %(%é?%%l ﬁvw % gﬂ%’ﬁaﬁc&%&&'gﬁc{%@%ﬁ%aﬁ% pr \gftra?n
or fr agniensFDéintitiodas dorQoh hiedjeTC. IMABVAHII wasRisep atr tht ifd owdhg sércepediogkass

coverslips The nmodified version of the stripe assay on glass coverslips was
bor f or et kg/ml: 0:63 ug/mic 0.35 ug/ml: 016 nghnt; 0.08 figim: 0.04 pe/mi?0.93 hg/mt 0lo1 ' P

30  ug/ml. Binding of hRGM A was visualized using a Biotin-labeled anti-fc antibody and a
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5slightly different way as described previously (Knoell et al. Nature
Protocols 2: 1216-1224, 2007) and is sunmari zed below. Sterile silicon
mat ri ces woroproonast i on of stripes consisting of purifi edTmroteioss2eer e
pressed on the surface of a petri dish with the rough face of the matrix

poi ntin mards Et hanol washed, clean coverslips were |aid downg onto the
matrix I’?@ avifin-Esroddase ermplre Pleyeyaerc apalyzed (P I@é@ﬂwnﬁﬁo%)rﬁt RRVBANEthoi nt
pen at ﬂﬁ%ﬁ& I rslip was
car ef ulc{{e turne %pm gthwgl\}\ﬁgﬁg{e A Sehog%\%r %%ftggfﬁ{r%é léésggltltt?%\ﬂ of the
petri diostentiatensodpsegdapendahtily |1nH1‘mmgitH1ndmg1 lof)ﬁﬂldeygtR@l\mlAn RGNIA far agment s or
reconbinant human RGM A (R&D Systens Cat. # 2459 RM of it were mxed with
10 pl of°°&"B TC- | abel ed anti-nouse antibody (Fab-specific goat anti-nouse
119G Si gna- @dllfd'&Qse@@ﬁSAﬁasans%régg&l)alﬁ&on bediadt %J‘\@eﬁ@@{'c&*@%ﬁﬁ&e s. Using
a Ham lton syringe, 50 gl the RGM A-FI TC anti solution'is carefully
i nj ect édlCﬁMrfbt@MPt%bmdmlgenssacfhaEidélA plEeswses ffrepdred 41 ltsed hedmtlbftd(lnt hr ough

t he outl et and i s _renpve ncubati on of
Lhe matPRier Q0N T HRSt S B Rntinh 8o SBAR s SRl Ton) R

( cont aiwitnPFIEAIbOdies V@S| NaSITEW aMAR Mot hashfied hihe ol BRSng tehceheatii@yt st ep,
the coverslip with the RGM A stripes was 20transferred to a 24 well plate,

coat ed Mid hg);do() pAuganl; Bgemerml 06116 weaml; Ocs) melger0-94 nugadi BA2 DGRl Hé)dn

Bi t t
slt ﬁlﬁgle ng %ghnl ‘ﬁ%ﬁ‘f@d’} 9§{;{IJ& Zfeg Q&Eg %g%l%{tsn? eI%%%ta Ir?leﬁ F@'gﬁtrbodg%P ern of
al t er naticpgrvidin-Ppesidabe Rﬁﬁbléx &na:tembIeaa@etyzéd (K] dBIl’eﬁdm@ﬁﬁh)Qllﬂ atvxhﬁe tamgér Sl i p.

After i ncubatl on, non-bound Col | agen washed by three separate
wash stds0wm wifse éﬁ@oaphqt@m@%%% %Jewgpp E@w %etIﬂF éomélﬂgélewnﬁb%@d ont o

t he coy, I I strate
was ooy b oy HENARPEARRL JiL e p PN 0l by RENILREOMELR
nmonocl onal &ulidipbaiedSLISiAr estysdvarg aliso ssedhforreval REE MAB 5F9 bikding inhibition

ot oo BERRREY (s B0 RN gh e I TS ise MR By PGt on
W th PBSonestakibh 892 %%%&mﬂ-of/ﬂlg'hhﬁlﬁﬂ refomBthahPBMI4 $Rt8h MGM R%4¥ht chain

tenperature. After ing with % BSA for 60 m nutes, cells were
i ncubat(édgmientH), #fid 68) Wﬁm@dedratab@wynwmoﬁl%ﬁag/ndmlthﬁ%mbbdlns fedthyge 3

cl one 18660 for hour,s nper at ure
ond ot car GOURP PR S Bl Bl e e R By B B 6P ooy

ant i - muysel;banks@hil;noTos Iﬁﬂseeu /b1 :08269r); 0.0l hb@ BihdinPBEhRGM A0. 1 % BSA
for I'h. Nuclei §\/\g/é/re cougtger st al %Iegd WO 2011/ 07004%%CT/ EIPZS%O/ 069120 usi ng

bi gBenZVaHi deiabgahegy RPudiatlapedphfc aogibodyand pdgaptavidiathesoxigase f | naI | y
enbedde #
010001y T SRR IR M SR R R T S R S RS Th Bl e

( Zei ss)Anthosphotansttr. Hcgur@m dapidts expareids i p aorrmfenummgbf hadtugankt 0.6BGE#mI
antlbodles 5 The DNA encoding.the CDNA fra s of the heavy chaln

var i abl¥®d 0t M foseaders qnﬂﬁmwnm dho wa%ﬂﬁ%édh& ck#t tynd DL
was cl gpgp.4 nto a pHybE expression vector containing the human | gGl
constant region, which contains 2 hinge-region am no acid nutations, by
hol ogous r%dxdmhawaEMSrA asnaﬁam@eaisauséﬂ%sevmmmlglMAB Hi9%biadihgurci ne to

al ani ne cha and 23 U nunberin et al., 1991,

3 A ek B3 sBUYE b G SchLiSR VAP bTeP FRYF AT RS 5Fo and
8D1 nonpedriRalin %Elb@@@'cﬁfehé’\&%&n@ bRt b tFa1 REMRENNEM ArwEoRkad B 19 a human
kappa constant re |on | ary pHyb-E vectors include the pHybE-hCk, and

pHy bE- tOgfentranomo ésy@émb& abe antibmglpdsifent heh3BeC i MIABNDEY G4y 02d apBR) .

Ful I -1 t h. ant.i bodi in 2

cot r anapgelingiob Rl S eBbh 30 ER Var KT £ el ey Sl R o ¢ he

pHBOE eSEh@Rg bBhRGAS W Was @laﬂlzédJM%:@-B@dlinslaBéle mmmgnﬂbe@mﬁn fant

ant i boo@ilﬁ were purified by Protein A Sepharose chromat ography and bound
T

ant i bodyroREyidep-Feridsye %HPI?I‘ dHates WaKei adlabf@?é €D dagstmipget wevaye gt al i zed

and di [ i es
wer et RSy on S5 SPRpREY PrBiklcr 3 B0 AR R AR ARG B 2T
Exanpl ngImarleSC@grmto 63 @@/n&hsﬁltag ttle bmdirpast firlh leE)g&rﬂ’ﬂirﬁanYRGE’/DAEﬁi mppe

1: Generation of Anti human RGVA nonocl onal antibodi es Anti human RGVA r at
monocl onal anti bodi es were obtained as fol | ows: Exanmpl e 1A: | muni zati on of
rats with human RGVA antigen Twenty-five mcrograns of reconbinant purified
human RGVA (R&D Systens 25 Cat #2459- R¢l | ot MRHO2511A) mixed with conplete
Freund's adjuvant (Signma,) was injected subcutaneously into four 6-8
week-ol d Harl an Sprague Dawl ey rats on day 1. On days 21, 42, and 63,
tmenty five nlcrograns of reconblnant pur|f|ed hunan RGNA nlxed mnth

o, p— -, . o o T



30 lug reconbinant purified human RGVA Exanple 1B: Ceneration of Hybridoma
Spl enocytes obtained fromthe i nmuni zed rats described in Exanple 1.2. A
wer e fusewowntiln7&RR/ 0- cells at a ratio of 2:1 accordi ngctrepreée/nesta@bl i shed
met hod described in Kohler, G and MIstein 1975 Nature, 256: 495 to
generate hybridonmas. Fusion products S were plated in _selection nedia

cont ai ni ng aXAddrscEllSd a5 ﬁiSﬁ@SWO%a%WMéBatSE% agd SR1dBRROGN of
L. Sx105\ 0l geflinCRRES1 REBMIED lind FRYRR ALBMIZA 1S ROSK (FiflipD) AgRCT 0SCOPI ©
u ac

hybri dona ¢ oni es were ser ve per nat ant rom cont ai ni ng
hybr i dalescrdet pRLESA pla&stv&@set enitdayfodil het 87 Ed:lvﬁth { seectixaioploé 225) ud/o of the

presence of t i bod) h 03|t|ve cell_ Lin r tested
i n FACS*Hges vy dema] e B Pesithmemdiase 1 RO dgt 23 41478! WEREOTand/ or
rat sRG\vpIhese 1&Rkh ﬁywnh@% HRREN A WAGSANRI R a THRSBAHERT 50,5 ‘ﬁ%ﬁn@ldm'ﬂ{‘ Di rect

ELI SA for crossreactivity wth rat RGVA, and ELI SA binding to HuRGVA 47-168
f usi on qntlb@d;iamfor'témtéWC BlAWRS PP ofd &nt werR@vAd Rethe fhoche perlcemimtidned es

"Rt R Risch 71 657 MR e 4ot G Pl g BB A NS e
Yes hRGM A was visualized using a Biotin-labeled anti-fc antibody and a Streptavidin-
Peroxidase complex. Plates were analyzed (OD determination) at a wave length of 450 nm
10  using an Anthos photometer. As shown in Figure 9, the rat monoclonal antibody 8D1 inhibits
or reduces binding of human RGM A to BMP-2 and to BMP-4 but is not able to inhibit its

binding to Neogenin.

Example 3: mAb S5F9 activity in neurite growth assavs with aggregates of

15 differentiated human NTera neurons.

Ntera cells were obtained and cultured as described in Method section (vi) of the
present application. mAb 5F9 neutralized the neurite outgrowth inhibitory activity of the
potent fc-conjugated light chain (amino acids 47 — 168) of the human RGM A protein in
neurite growth assays with aggregates of differentiated human NTera neurons. As shown in

20  Figure 6, in the absence of an inhibitory RGM A protein or fragment and in the presence of
the outgrowth-stimulating substrate laminin, neuronal NTera aggregates show an extensive
and dense network of outgrowing neurites (A). Also shown in Figure 6, the presence of the
hRGM A light chain, dramatically reduces number, density and length of NTera neurites,
proving the potent inhibitory activity of the hRGM A fragment. The few neurites leaving the

25  aggregate are short and tightly bundled (B). Parts C-E of Figure 6 show increasing
concentrations of the MAB 5F9, added to the cultures does-dependently neutralized or
derepressed the neurite-growth inhibitory activity of the hRGM A light chain fragment. With
increasing MAB concentrations, outgrowth of NTera neuronal aggregates is completely
restored, despite the presence of the RGM A inhibitor (C: 0.1 pg/ml MAB 5F9; D: 1 pg/ml

30 MAB 5F9; E: 10 ug/ml MAB 5F9).

Quantitative analysis of the neutralising activity of MAB 5F9 in neurite growth assays
with human NTera aggregates was performed to test the potent fc-conjugated light chain
inhibitory fragment (amino acids 47-168) of the human RGM A protein. Outgrowth of the

cultures was automatically analyzed by having aggregates stained with bisbenzimide and
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Exanmple 2: Direct ELISA binding of mABs 5F9 and 8D1. As shown in Figure
1A, MABs 5F9 and 8Dl bind to hRGM A with simlar titers, as 20 described in
above seawvoan(1/970048AB 5F9 was al so shown to bind to rat RGVER2010/0641LBA,
while 8D1 is not capable of binding to ratRGM A (data not shown). Figure 1B
shows that MABs 5F9 and 8D1 bind to HEK293 cells overex re55| ng. hRGM A in
FACS. Pubtpaaently rheirgsanhsds Therssripine onbt matsed the aggprapicaoptheuiPWHEBAF3 cel | s

cect i ooy Py Ay TR T B EAE T ey A orS ARGk

bi ndi ngecondagmebody. Muhf@ﬂtgrombgmm awotmangillygleassuined. by&lalcﬁhtlpg dhes were
A L L T
e R e Tl

0. 02i t tth¢ aa OGth(alceB adicsris d@mbﬁdng I@lﬁgdnlet;m A Neagochiesu 403 : Z8d- LRI, a@07a

s Popt VPR BB B BB TP Al R Rt e o)

a wave ihgiBgédy a@f1v1€35@f McLiDhIgaRb, PEMOR GVt QINEi@F fragﬁleﬁﬂxlwgmbﬁ (Fiagure 2,
the three highest antibody concentrations, dose-dependently i nhi bi t ed

bi ndi ng 68f 19 ug) innerEterErew FerssaSWik h@@ﬂe@‘@éﬂﬂ%feﬁgél i d phase ELI SA assays
wer,e used al so for evaluating MAB 5F9 in conpetitive hRGV A- BVWP-4 bi ndi ng
assays. ELI SA plates were prepared and used as described in section (iv) of
t he present E;nmpleatmshmﬁtmmuﬁ@&/ﬂollagaohamatl on of 0.5 ug/ml
with 5F9 antlbodl es for 1 at 37 C. MAB 5F9 was used at_the foll ow ng
concentrati oH&SY; 29%Uégveﬁﬂculwrmrdg78ﬁi as @eSSQWi’gWﬁECUO@ (¥8) tfgfheresentosi ug/ mt;

0.04 u Qxl,%@/’o ed

usi ng %{gg%att]gﬁ%algg# g%SSa%ViQI]S éé)ant ?%3 ]\d[yﬁgﬁ(gbgg rept av %Ip %ﬁ)g%’g;é(%éggéscé

conpl exn s@dtmndsiigvef ‘éle@m@by!lzepbl(cﬁm)rd@t eurmtrvath z{itm)rnMgatnmvef hikGyt h of 450 nm
usi tho in Figure t he,.f our hi ghest anti bod
o8 O BT RE e e rog ot he ST R B0 2 MRk, haman Rau
A to BVRsdiboddh i IRBARR: Bdoh 288 Néﬁlré!‘@fcﬁoéiJISSP m@ﬂlzfzarz(ﬁmlmﬁé B S5F9

bi nding inhibition 15 of fragnent 0 (47 hRGM A BMWP- 4. ELI SA pl ates
wer e codttkdSFOMAB A anc@dnad SK- Sh’Sé( ﬁ@leqw a@tenabnre&fre@efougﬁ tbllegentlne human

r econbi nant J f.r.agnment 68) was
hadea v wihiols PAE OBl s RO i ol SFPTSAT RGN A 37 ¢
MAB 5F9wwa sndi&theaontdiratiohd SIMIAG SIONGRRASHaASHABTESY I;el&ﬁ)rﬂgf ﬁRGM) ABSrip/ mil;
0.32 iug/m,; i ug/ nmi; 08i ug/ mlL 04 ug/nmL; 0.02 0.0liug/m.

Bi ”8i ngvef C ﬁh&gwAsgméBxﬁ)sﬁhﬂhP%@eﬂMﬁ@ @nmstalﬂﬁnluw&ﬂ?gb SEh8Y5¥c anti body
and a

ot or i SaTS Ao 0p SERE PLRFARE SOROAES SR B et A R ERE R Ben

Fi gure sﬂnpbemsaetfsgarw) arid dmd:,e intereend aak unigse Oﬁaréct&ﬁi;tlu@ftfﬂe 5H0. M&ng/ m and
0.32 ug/ml dose dependeni |y i nhi b|t|n bi ndi ng of the human RGM A |i ght
chai n t¥BNpPrapsfoy Itfiedné‘ﬁé{%’é’ meyreal yﬁsm\ﬁélraé raqtiyg agfialy- othe S{RePRest | ng
MAB 5F | at es
wer e p?oefg%d?%dn%nddﬁcseg Sltlg(j;escrl a{l\ﬁglzf cItg]icei(;'tdﬂl?l\%a &e? ﬁé e&%?lgéﬁeﬁteﬂ\@A
apRbi caubgrate, Bad hot cﬁr@pémim@d sAbsrtaﬂe bkid€allapen & Slmh@antatfeamredfas @e®rug/ ml
wth 5FE9 aBtlb d(is}?% rﬁrT 1 h at, 37 Cf B 5F9 was used at the follow ng
concenti5R ABIEDCEPLIRTe R @ B0BOEIgR4FNtR0GYE o/ ni: 0. 63i ug/ nL; 0. 32i ug/ n:
0.16 30ug/m . Binding of hRGM A was visualized using a Biotin-I|abel ed

anti-fc anti body and a Strept avi di n Per OXI dase conpl ex. Plates were
anal yzed (OXXe¢ ajhig ard nm usi ng an Ant hos

phot onet er. r I e tsa tlb conc i O 5i ug/.n g/m
photomet or () 0,2 SRRl 2,201 ﬁvgeﬂq%m.l% b M BRR e Ens ot aht B

t 0 3BVP2VL YRR O3 1 SdisHa PE&ak{bo B2 BEQ (L8 TLBR 5 above) &0 kiadtch M ﬂlfﬁrbtﬁ&uﬁﬁtﬁays
were al so used to evaluate MABs 5F9 and 8D1 i n hRGM A- Neogenl n,

A- BMP- eangansRapht sbanpoeepiir sequsgcas Based onseiwner Vol andsVHa %mmﬁéawﬁizu SA
plates of the
extr ace V?l %%gxtci)ﬁgle U%?ejs Oﬁn?qtl} & awnhg??ﬁsrra %Qé%%%ﬂd?&eg 1Oellgtnh%oﬂrjl%‘mt}]l(%

2. 5i Li ddnobBrimn2ncequenBidrd scléaéd: Iength fc-conjugated hRGM A was added at a
concentration of 0,51Lig/nl with antibodies for 1 h at 37 C. MABs 5F9 and
8D1 were used at the followi ng concentrations: 5 iug/m; 2.5iLig/ntl;
1.25iLig/nl; O0.63iLig/m; 0.32iLig/nl; 0.16iLig/nml; 0.08iLig/m. Binding of
hRGM A was vi sualized using a Biotin-88abel ed anti-fc anti body and a

St rept avi di nPer oxi dase conpl ex. Plates were anal yzed (OD determ nation) at
a wave |l ength of 450 nm 10 using an Ant hos photoneter. As shown in Figure
9, the rat rmnocl onal ant| body 8D1 |nh| blts or reduces b| nd| ng of human RGlVI

A 2 NR AN N o v R AN A o . o o




Exanple 3: mAb 5F9 activity in neurite growh assays with aggregates of 15
differentiated human NTera neurons. Ntera cells were obtained and
cul t ur ed we 20ezzoigbed i n Met hod section (vi) of the prevemtEPa@plobmad i on.
mMAb 5F9 neutralized the neurite outgrowh inhi bitory activity of the potent
f c-conj ugat ed |I%ht chain (amnqg acids 47 - 168) of the human RGM A protein

in neurit® gfgweh. ¥ESadskand YHI = g stpatas sheopindng ?eétl@tﬂeﬁ 5{1&1 hdfand kfHer a
neurons. As ﬁpwﬁw&lrﬁﬁeﬁﬁg%% Bocehr EfRARS ﬁ:hj Rhary RGM A

protein or fragnent e presence o ﬁe out -stinmuldting
substr at eb) alhami A heaw welhhs INREY far ag;@tregtatghsglﬁ hbwmanceemreameueesand dense
network of aou (? gﬁnbeurl es (A). Also shown in Figure 6, the presence of
t he hRGM A I(Pb‘}%f 1Rk bl 4ReY¥S)cal |y reduces number, density and | ength of
NTesa neurites, proving the potent inhibitory activity of the hRGM A
fragnent. The few neurites | eaving the 25aggregate are short and tightly
bundl eBY BrftinRahe QOI@SEOmﬁing:Véhfmi BL SHRw ofrididaawi sayl asoergenteragriconticof t he

the neubl PEOGTIR e R Birbdh R RRROIE S ART G oalSihd Pt cnalll G Mbmant -

Wth i npdbea@IaBgvéyABHcs:f@mmuafcﬂsmz cgyt\gﬂgwbla Gf, WS neul VrpdsFegg@iegat es
is conpletely restored, despite the presence of the RGM A i nhibitor (C:

0. 1i Li gVHﬂ?Wé GFoVHIEFOT-Gd4 rnd Xl $itg VIESFR b Glugf lndl KB Brgnd VL

Quagti tglyiygyanal ysis of the neutralising activity of MAB 5F9 in neurite
grovvth asSaysS with human NTera aggregates was perforned to test the potent
fc-conjugated |ight chain inhibitory fragment (am no acids 47-168) of the
human RGM A prot ei n. Othrovvth of the cuI tures was_autonatically anal yzed
by havi ng a& XAMPLE 6: Constgnctign of fxsampwprk Back-matationsin CDR-grafted

2011/ 07QQd3ates/ EP2010/ 069120 subsequent ly phot ographed. The staining only
mar ked %’m‘gr egate not the outgrowi ng neurites. These were however

stai ned wit Hlagenant¢ hodnita @8ibodyirhmewarkdaak iutdivophoutaliabelre thtwdoamdar y
ant i_bod ite wth was aut omati c eter ed b cul ating the
ooy s e Bl Brefi Bboss P ot g PRt AT g T DA PATT I B et ea of ¢ he
cell Qs%t%%s& bPike %H@ol@éoﬁﬁﬂﬂ%‘nﬁfbr %Elﬁ% 'ﬂgﬂ%g%hf%aprﬁﬁerﬁ B&d POR! SERLEhaddwEN S

processés. This factor was then divi the area of the cell bodies as
descr i Bedwinrin therpyoDidereat comlbmamms oﬁhmmuteeonsmdollﬁg MupgEDs afi gure 7,

shows that. MAB 5F d tl 0.1-10.0 iug) neutralized the
out gr ov&OHStPhcﬁ?%bﬁsf 8%“?? Z?E @8 E f$18 tqéonj ugat ed, potent hRGM A i nhi bitor
fragment (frrgmesnty dhaind H $6@ 1-G0, VHOFIINGNEsd VE TJF0BAGH, dg 9 Yiordbf the human
Ntera a regates 10 Exanpl e 4: mAb 5F9 activity in hRGM Al Col | agen |
st 20 owmg VernigrpigyBH/ Kk inter fygingeresignes e dagnamuipsespsdellares M37oed in
sectlo ) application. Striped glass coverslips with RGM
wﬁ/_g%esr?@f%(\t;\iehaﬁlgp%g%g%%d as described in section (viii) of the
pr esent appIHo@anbax@rbhaﬁsC&éH PES. AVGLVHISFOrRGLL agl $Hr SHYes GoforldeiMolS of the
Al Col | and Col | was, produced for t he experinments _accordi ng to a
pr ot ocgtg glgr\(qselar msia gﬁé"%“ﬁ%‘#%&“&ﬂr@“@l(ﬁ%@?l agk myfatcdngsfy gﬁ Prot/otbl s 2:
1216- 12‘??89?9947 | g absence of the 5F9 MAB (A), neuronal SH SY5Y cells
show a cl ear prdeefgren?:@q?or the Collagen | stripe with nore than 90% of the
cel2bs pref erl?qrmgax@cdhlamgéfﬂ BF3{7rGIpSEHDFOr8- GR@AdAVﬂtiE%@L Afeton mane pEtsi ng
concen ti on naI SH- SY5Y cel.l s ref er i pes 20
over oo faBR Yefuiet ke L BNy Raldhr e SEe R R dRL At Mol toed (5))
SH- SYSYW eyl gy —show a strong preference for hRGM A stripes in conparison
with the Collagen | stripes (see Fi %ure 8). This can be interpreted as a
uni que char geddetionsd nutagions eslu@EghaidBowingce it transf or med the i nhi bitory

nat ure of RCEEI\/I n t‘t}ﬁs | ncreasi ng
concentratlo?l“laécg1 5% yy‘?@f‘laﬁcte éf@?ectﬂé fi Pégs(gﬂ won an RGM
A 2Bsubst r atfg; haard chsihs VB SFPLGT, SAH FEI. suhstatlat\EHISF% Gbld)&%rtaﬂd Such a
uni que feature has never been descri bed before for a rmonocl onal ant i body.

EXAMPLE 5: donkeavyichsinn Ve 5%% H &BP-&rfeli-5odiVdd SFBY-Glgk37PNg st andar d
t hod | | t h f
o noce v g Ehesaoy Lo EHE NSRS ALy DA NE B8\ s

human heavy mmffactmgmswhnhaan& baclc eptaded sefgliensdd>\Badéed Iqry depbence VH and VL
alignnments with the VH and VL sequences of nonocl onal antibody 5F9 of the
present invention the follow ng known hunman sequences are sel ected: WO
2011/ 070045PCT/ EP2010/ 069120 a) VH3-48, VH3-33 and VH3-23 as well as the

j oi ni ng sequences hJH3, hJH4 and hJH®9f or constructing heavy chain acceptor
sequences (according to Table 3 above); b) Al7 and A18 as well as hJK2 for
constructing light chain acceptor sequences (according to Table 4 above).




5 By grafting the corresponding VH and VL CDRs of 5F9 into said acceptor
sequences the follow ng CDR grafted, humani zed, nodified VH and VL
sequenceswoeng/po@par ed (see al so Table 6, above): VH 5PeTAEPS10/05H20
5F9.2-G., VH 5F9.3-G., VH 5F9.4-G., VH 5F9.5-C, VH5F96G_ VH 5F9. 7- &,
and VH 5F9.8-G; VL 5F9.1-G, VL 5F9.2-G, and VL 105F9. 3- EXAVPLE
6: Constr uct |06Hg%tf0hia¥na%\§5913 Ghore RUMAES Ofse le?fﬁlrm@dmdéﬂwr}od. es To

gener at e_hurpaiad: A0 HERIRIRLK, ARAk, MUGELIORS) Ut at i ons are

i ntroduced 15 into gra te ant i body sequerices as prepared accordi ng
to Exanpl e For bightdehamoVb 5893t GEins oomotdef the fdlbishirg Yormadrrmnd N/ usi ng

mut ageni ¢ pr.iners and. PCR, and net hods |1 in t art. Different
combi nat i ondMGHAGREReS %?riegﬁgk %@tﬁfﬁeeﬁﬁ?fﬁf'ﬁ\qggﬂs%rlgﬁonstruct ed for each
of the CDR-grafts as follows. For heavy chains VH 5F9.1-G., VH

5F9.2-3&., and VH 5F9. 3- GL one or rmre of the 20 f ol | owi ng Ver ni er and VHNL
i nterfaci ng EXAMRICE 7a CONSTEL : DAL R ' ; and/ or

RIO8K Foig‘mﬁa Ié F9. 4- 0 F9 5- GL and VH 5F9 6- G one or nore

of the facing residues are back nutated as

fol l ows: V3%Hyb¥A&breshidhvEstoRRHMridring hESy iRAht e onMihiRE Frafre@ork VH
5F9. 8-G., and VH 5F9.9-G. one or nore of the follow ng Vernier and VHNL

i nt er f akeickh UtEHNG WeEe en-Bamsdeckedintoad WO selfsgp Imgmgentiyzraducg4gh-lengtin - G

L P RS -Vi h D FBA TR 1, 5
5F9. 5- @DR@g}dﬂéﬂ-ﬁr&ESdﬁse@uen@iEs pregark0 pcdvedivy t@Emmlsle\ser@namca;mthvus

5F9.8-G, and, VH 5F9.9-G.: L5 V. For light chain VL 5F9.1-G one or nore of
the folASh§ vryiabledamein apdfonsing mHEaé?Ifl‘ééﬂﬁ’@rSr?’é@l RfRoend mestinpdspvallingpa@dn as

foll owsyye i@ the Miink ,acﬁi‘k%%lfenc%‘?)f%ﬂ%%@aﬂﬂ%ﬁ ?égnrélgf&g%%@ﬁﬁﬂ%g anflb dlé%}E chain

VL 5F9.2-G one or nore | om ng Ve HNL |nter acl ng

resi dueﬁscéw%dﬁlaﬁkblerﬁt ated as follows: M4-L, R51 L. For light chain VL

5F9, 3 G on e of t‘ﬂg foll owi ng Vernier and VHNL i nterfacing residues
ar dback mitHREHCAL- o] PORERRS Va1 E 5 EXAMPLE 7: CONSTRUCTI ON

AND EXPRESSINGN 565 1REEOME) NANE v iTIVA o6 Rl 0! s HSQVE T ANT BOP5 mupdtichE

expression vectors harboring heavy and |ight chains containing franmework
back nut at i od Sk@re VEbsk$. én‘éﬂé@@é@ Vit FREBMESERL0.sVIHSFP 2d narideWiH] y pr oduce

it at § oHO R Fodie s hp o> Boal G 1Efhs RIaas, Veljuindad g

prepar edtceaciap désidictiaclExmmioas: V3 by, CKMWI/QX@Y-F'GhR%-SI@f the variable
domai n and/ or using mnmuta genl Cﬁglél mer's and PCR_ and net hods wel | known in

the&lart. TheVHERIAG, &l aF%é §F8f11tCﬁ@taml¥Ht§(E9\7tGLé’glﬂb¢lb5@fV fhHéatieimani zed

anti bo r I 0 chai ns:
VH 5F9d§iﬁ%vl—‘gﬁlégJI éﬁé andﬁ\;lflggéfﬁsfcon eil n %@2%9‘95[5&55 ?%&OEWHM ation.
VH 5F9. dontavHVEFE %7 -GYHvER Q.56 V \iitaifiéh diid, thy/ kbl bM8n@Verniéd a8V VL and VH
5F9. 22 co %aln VH 5F9.4-G with a ion and the follow ng Vernier

-E [uta
and VHNpter GIQBF%\@&W?&P]@&%@%%%%%{%%§.45@3@ )J, V48-)J, A49-G R98-K.

For the light chains:
25 VL 5F9.1, VL 5F9.2, VL 5F9.3, and VL 5F9 .4 arc identical to VL 5F9.1-GL.
VL 5F9.5, VL 5F9.6, VL 5F9.7, and VL 5F9.8 are identical to VL 5F9.2-GL.
VL 5F9.9, VL 5F9.10, VL 5F9.11, and VL 5F9.12 are identical to VL 5F9.3-GL.
VL 5F9.19 and VL 5F9.23 contain VL 5F9.2-GL with the following Vernier and
VH/VL interfacing residue back mutations: M4->L, R51->L. VL 5F9.20 and VL 5F9.24
30  contain VL 5F9.2-GL with the following Vernier and VH/VL interfacing residue back
mutation: M4->L.
VL 5F9.21 and VL 5F9.25 contain VL 5F9.3-GL with the following Vernier and
VH/VL interfacing residue back mutations: M4->L, Y41>F. VL 5F9.22 and VL 5F9.26
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20VH 5F9. 3, VH 5F9.7, and VH 5F9. 11 contain VH 5F9.7-G with a L5 V
VH 5F9. 4, VH 5F9.8, VH 5F9. 12, VH 5F9.23, VH 5F9. 24, VH 5F9. 25,
and VH 5R®02611eo0d4ai n VH 5F9. 7-G with a LS -V nut ati onpemdreée/oéabé owi ng

nut at i on.

Verni er and VHNL interfacing residue back mut at i ons:
For the Ii ght chai ns:

25VL 5F9.

1, VL 5F9. VL 5F9. 3

V37-)J,
and VL 5F9.4 are

V48-)J, S49-G.

i dent i cegnt aﬂlb WS HFGL wth ﬂ\?LfO%qB@ns Vewesmi BH/ L ierdacing regiduspackro 8 are
%34559 2-G.. VL 5F9.9, VL 5F9.10, VL 5F9.11, and VL 5F9.12 are
to VL 5F9.3-@G.. VL 5F9.19 and VL 5F9.23 contain VL 5F9.2-G with

i denti
identica

the followng Vernier and VHNL interfacing residue back nutations:

Ma L,

R51 L. VL 5F9.20 and VL 5F9.24 30 contain VL 5F9.2-G. with the foll ow ng

Ver ni erTARHE $HNkplicsti@r éfdninmgrized shdbedidtsack nut at i on:

Ma L.

VL 5F9. 21

and5VL 5F9.25 contain VL 5F9.3-CGL with the follow ng Vernier and VHNL

i nterfaci sidue back mutations— ML Y41 E VI 5EQ 29 and VL 5F9. 26
WO 2011/ 079A5PCT/ EP2010/ 069120 contain VL 5F9.3-G. with the follow ng
Verni er and VHRkoidiherddehng r eséglwecback nmutation: M4 TABLE 8: Expression
of humanilZed anti bodies SEQ ID No. Protein region Sequenge
12345678901234567890423456789014 L VH-h5F9 1 EVOVESCLMY/OPGRSL RLSCAASG-TFS
NY GVNVIW/RQAPGKEEEVWAM-YYBSSEKHY: %\mw 5:571 = ?%mr\cu é'%;\ AP HNE T RAED
TAVYYCARGT TPDYWGEQGTMWTVSS 44 vl E )\ PASI SCRSSQSLE
YSDGYTFL EVWL QKPEQEPEL LI YEVSNRF [ EPVGV
YYCFQATHDPLTFGQGTKLEI KR 48 VH h5E9:v2» kM@, GRSLRLSCAASGFTFS
NYGVNW REAPEKEEEW- GV Y YDSSEKHY [ ARSYKERFTESRONSKNTI YL OWNSERAED
TAVYYCAKETTPD MWTVSS DIPMOTPL S LSV PCOPAS T STRESOSLE
P a4 (ggxgggg 1 YSDGYTFLEWYLOQKPGQOSPQLLIYEVSNRF
) SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR
EVQLVESGGGVVQPGRSLRLSCAASGEFTES
NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
48 VH h5F9.2 ADSVKGRFTISRDNSKNTLYLQMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DIVMTQTPLSLSVTPGQPASISCRSSQSLE
YSDGYTFLEWYLOQKPGQOSPQLLIYEVSNRF
44 VL h5F9.2 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR
EVQLVESGGGLVQPGGSLRLSCAASGEFTES
NYGMNWVRQAPGKGLEWVSMIYYDSSEKHY
43 VH h5F3.3 ADSVKGRFTISRDNSKNTLYLQMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DIVMTQTPLSLSVTPGQPASISCRSSQSLE
YSDGYTFLEWYLOQKPGQOSPQLLIYEVSNRF
44 VL h5F9.3 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR
EVQLVESGGGLVQPGGSLRLSCAASGEFTES
NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
50 VH h5F3.4 ADSVKGRFTISRDNSKNTLYLQMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DIVMTQTPLSLSVTPGQPASISCRSSQSLE
YSDGYTFLEWYLOQKPGQOSPQLLIYEVSNRF
44 VL h5F9.4 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR
EVQLVESGGGVVQPGRSLRLSCAASGEFTES
NYGMNWVRQAPGKGLEWVAMIYYDSSEKHY
47 VH h5F3.5 ADSVKGRFTISRDNSKNTLYLQMNSLRAED
TAVYYCARGTTPDYWGQGTMVTVSS
DVVMTQSPLSLPVTLGQPASISCRSSQSLE
45 VL h5F9.5 YSDGYTFLEWFQQORPGQOSPRRLIYEVSNRF

SGVPDRESGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQOGTKLEIKR
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44 VI

SGVPDRFSGSGSGTDFTLKI SRVEAEDVGY
EVQLVESGHED\RRGERLRL SCAASGFTFS

YYCFQATHDPLTFGQGTKLEI KR 49

NYGWWW/RQAPCGKGALEWSM YYDS6EKIHY010/069120

VH h5F9. 3

ADSVKGRFTI SRONSKNTLYLQVNSLRAED TAVYYCAKGTTPDYWGQGTM/TVSS 44 VI h5F9.
DI VMTQTPLSLSVIPGORASI SCRSSQSLE - YSDGYTEL EVWL QKPGOSPQLL L YEVSNRF
SGVPDRFSESGSGIDFTLKI SRVEAEDVGY| YYCFOATHIPLIFCOSTIIEEPKIR 50| VH h5F9. 4
EVQLVESGEGL/QPEESHIRe SCAASGFTFS SEKHY
ADSVKGRFT| SRDINSKNTL YL QVNSL RAED 44 VI h5F9.
DI VMTQTPLSLSVIPGQPASI SCRSSQSLE! Y VENRF
SGVPDRFSESGSG[DFTLKI SRVEAEDVGY| VH h5F9. 5
EVQLVESGBERS/QPERILRESCAASGFTFS EKHY
ADSVKGRFT| SRDINSKNTL YL QVNSL RAED 45 VI h5F9.
DVVMI QSPIESEPYFEECPASHSERSSEBEE-YS YEVSNRF
SGVPDRFSESGSG[DFTLKI SRVEAEDVGV| § 48 VH h5F9.
EVQLVESGEGA/QPERSITROSTAASGTFS| NYZMWMI RBPERGLEW ¢ EKHY
ADSVKGRFT1 SRDNSKNTL YL QUNSL RAED TNk 45 VL h5F9.
DVVMT QSPESEPY EEEPASHSERSSEEE Y SHSY TEHEWFCORPEOSPRRIYEVENRF
- D
SGVPDRFSESGSGIDFTLKI SRVEAEDVGY @Eééﬂﬁb CETRE
45 | VL h5F9.7 i
SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGOQGTKLEIKR
EVQLVESGGGLVQPGGSLRLSCAASGFTES
NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
50 VE h5F9.8 ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DVVMTQSPLSLPVTILGQPASISCRSSQSLE
YSDGYTFLEWFQQRPGQSPRRLIYEVSNRF
45 VL h5F9.8 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGOQGTKLEIKR
EVQLVESGGGVVQPGRSLRLSCAASGFTES
NYGMNWVRQAPGKGLEWVAMIYYDSSEKHY
47 VE h5F9.9 ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCARGTTPDYWGQGTMVTVSS
DVVMTQSPLSLPVTILGQPASISCRSSQSLE
YSDGYTFLEWYLQKPGQSPQLLIYEVSNRF
46 VL h5F9.9 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGOQGTKLEIKR
EVQLVESGGGVVQPGRSLRLSCAASGFTES
NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
48 VE h5F3.10 ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DVVMTQSPLSLPVTILGQPASISCRSSQSLE
YSDGYTFLEWYLQKPGQSPQLLIYEVSNRF
46 VL h5F3.10 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGOQGTKLEIKR
EVQLVESGGGLVQPGGSLRLSCAASGFTES
NYGMNWVRQAPGKGLEWVSMIYYDSSEKHY
49 VE h5F9.11 ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DVVMTQSPLSLPVTILGQPASISCRSSQSLE
YSDGYTFLEWYLQKPGQSPQLLIYEVSNRF
46 VL h5F9.11 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGOQGTKLEIKR
EVQLVESGGGLVQPGGSLRLSCAASGFTES
NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
50 VE h5F9.12 ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
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49 VH h5F9. 7 EVQLVESGGGLVQPGGSLRLSCAASGFTFS NYGVNVWRQAPGKGLEW/SM YYDSSEKHY
ADSVKGRFTI SRDNSKNTL YL QVNSLRAED
DVVMT QSPLy8bRVTiGRRAS! SCRSSQSLE

TAVYYCAKGT TPDYWGEQGTWTVSS

45 VL h5F9. 7

YSDGYTFLEWQQRPGQSPRRLI YRYSMRE010/069120

SGVPDRFSGSGSGTDFTLKI SRVEAEDVGY YYCFQATHDPLTFGQGTKLEI KR 50 VH h5F9. 8
EVQLVES VQPGGSLRL SCAASGETES NYGVNW RQAPGKGLEW GM-YYDSSFKHY
ADSVKGRFTI SRDINSKNTL YL QVNSLRAED ONEISERRIRESS U5 VL h5F9. 8
DVVMT QSPLL SLPVT EGRAS| SCRSSQSLE| YT SNRF
SGVPDRFSGSGSGIDFTLKI SRVEAEDVGY VH h5F9. 9
EVQLVESGEG\A/QPGRSL RL SCAASGETES| R EKHY
ADSVKGRFTI SRDINSKNTL YL QVNSLRAED 16 VL h5F9. 9
DVVMIGSPLSLPV iSQRASL SCRSSQSLE| SNRF
SGVPDRFSGSGSGIDFTLKI SRVEAEDVGY| ¥ VH h5F9. 10
EVQLVESGEGAOPGRSLRL SCAASGETES| A EKHY
ADSVKGRFTI SRDINSKNTL YLQVNSLRAED| ¥ 16 VL h5F9. 10
DVWMT QSPL S PV kEGRAS. SCRSSQELE| ¥ SNRF
SGVPDRFSGSGSGIDFTLKI SRVEAEDVGY : OGTK VH h5F9. 11
EVQL VESGEGLVOPGGSL RL SCAASGETES] NYGYRA /S EKHY
ADSVKGRFTI SRDINSKNTL YL QVNSLRAED W&W\? ﬁ@%ﬁg@ﬁ%ﬁ%@ 16 VL h5F9. 11
48 VH h5F9.20 NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
: ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DVVLTQSPLSLPVTLGQPASISCRSSQSLE
YSDGYTFLEWFQQORPGQSPRRLIYEVSNRF
52 VL h3F9.20 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR
EVQLVESGGGVVQPGRSLRLSCAASGFETFES
NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
48 VH hoF9.21 ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DVVLTQSPLSLPVTLGQPASISCRSSQSLE
YSDGYTFLEWFLQKPGQSPQLLIYEVSNRF
53 VL hoF9.21 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR
EVQLVESGGGVVQPGRSLRLSCAASGFETFES
NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
48 VH h5F9.22 ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DVVLTQSPLSLPVTLGQPASISCRSSQSLE
YSDGYTFLEWYLQKPGQSPQLLIYEVSNRF
54 VL h5F9.22 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR
EVQLVESGGGLVQPGGSLRLSCAASGFETFES
NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
50 VH h5F9.23 ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DVVLTQSPLSLPVTLGQPASISCRSSQSLE
YSDGYTFLEWFQQORPGQSPRLLIYEVSNRF
51 VL h5F9.23 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR
EVQLVESGGGLVQPGGSLRLSCAASGFETFES
NYGMNWIRQAPGKGLEWIGMIYYDSSEKHY
50 VH h5F9.24 ADSVKGREFTISRDNSKNTLYLOMNSLRAED
TAVYYCAKGTTPDYWGQGTMVTVSS
DVVLTQSPLSLPVTLGQPASISCRSSQSLE
YSDGYTFLEWFQQORPGQSPRRLIYEVSNRF
52 VL h5F9.24 SGVPDRFSGSGSGTDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR

93



DVVMIQSPL SLPVTLGQPASI SCRSSQSLE
SGVPDRFSGSGSGTDFTLKI SRVEAEDVGY
EVQL VESGHEO\RBERLRL SCAASGFTFS
ADSVKGRFTI SRDNSKNTL YLQVNSLRAED

DVWMIQSPLSLP\]

L GORPASI SCRSSQSLE

YSDGYTFLEWLQKPGQSPQLLI YEVSNRF

YYCFQATHDPLTFGQGTKLEI KR 50

VH h5F9. 12

NYGWNW RQAPCKGLEW GM YYDS6EHIHY010/069120

TAVYYCAKGT TPDYWGQGTWTVSS

46 VL h5F9. 12
NRF

YSDGYTELEWYL OKPGOSPOLLLYEV

SGVPDRFSESGSGIDFTLKI SRVEAEDVGY GHDPR AEPRIIFAS| VH h5F9. 19
EVQLVESGE3WV QPRSI SEAASGETFS| NI ROAPERC R DSSEKHY
ADSVKGRFTI SRDINSKNTL YL QVNSL RAED LIPDYVED) TSS 51 VL h5F9. 19
DVWL TQSPLSLPVFLGORPASH SCRSSQSLE QIRPGOSPRL LI YEVENRF
SGVPDRFSESGSGIDFTLKI SRVEAEDVGY KICBPRISLES| VH h5F9. 20
EVQL VESGE3A/QPGRIA SR SBAASGFTFS SEKHY

ADSVKGRFTI SRDNSKNTLYLQVNSLRAED

52 VL h5F9. 20
NRF

DWLTQSPLSLR\A
SGVPDRFSESGSG|
EVQLVESGEEH/O

ADSVKGRFT1 SRDNSKNTLYLQVNSLRAED ]

[ DFTLKI SRVEAEDVGV
PERI HRlo SEAASG-TFS

L COPASI SCRSSCSLE
Ha Ao obhroodott=1

VH h5F9. 21
EKHY

53 VL h5F9. 21
NRF

DWLTQSPLSLER\A
SGVPDRFSEGSGSG|
54

LGOPASI- SCRSSOSLE
LEOPASISCRSSQSLE
[ DFTLKI SRVEAEDVGV
VL h5F9.26

B B .
( Ly YW TV
Y CEOATHEPY TROOGTIIEF RSLE
YSDGYTFLEWYLQKPGQSPQLLIYEVSNRF
SGVPDRFSGSGSGTIDFTLKISRVEAEDVGV
YYCFQATHDPLTFGQGTKLEIKR

VH h5F9. 22

Example 8: Characterization of humanized SF9 antibodies using competition

ELISA

ELISA plates (Costar 3369) were coated overnight at 4 °C with 50 pl/well of 0.25

ug/ml hRGMA in 0.2 M sodium carbonate-bicarbonate buffer, pH 9.4, washed with Wash

Buffer (PBS containing 0.1 % Tween 20), and blocked for 1 hr at room temperature with 200

ul/well of 2 % nonfat dry milk in PBS. After washing with Wash Buffer, a mixture of a

biotinylated chimeric 5F9 (0.1 pg/ml final concentration) and unlabelled competitor test

antibody starting at 50 pg/ml final concentration and serially diluted 5-fold) in 50 pl/well of

10

ELISA buffer was added in duplicate. After incubating the plates for 1 hr at room

temperature, and washing with Wash Buffer, bound antibodies were detected using 100

ul/well of 1:10,000 dilution of HRP-conjugated streptavidin (Fitzgerald) in ELISA buffer.

After incubating for 1 hr at room temperature, and washing with Wash Buffer, color

development was performed by adding 100 pl/well of TMB Buffer (Zymed). After incubating

15

hydrochloric acid. Absorbance was read at 490 nm.

for 15 min at room temperature, color development was stopped by adding 50 ul/well of IN

Table 9 shows the ICsq values of humanized 5F9 antibodies obtained using the computer
software GraphPad Prism (GraphPad Software Inc., San Diego, CA).

20

Table 9: IC50 values of humanized 5F9 antibodies in competitive ELISA

1C50 IC50
Antibod Antibod
Y lug/mi) Y lpg/ml)
h5F9.1 >10 h5F9.19 IN/A

94



EVQLVESGGGVWQPGRSLRLSCAASGFTFS NYGWW RQAPGKGLEW GMI'YYDSSEKHY
ADSVKGRFTI SRDNSKNTLYLQVNSLRAED TAVYYCAKGITPDYWSQGTWTVSS 54 VL h5F9. 22
DWLTQSPLORVILERASI SCRSSQSLE YSDGYTFLEWL QKPGQSPQLLI YRUSNRR010/069120
SGVPDRFSGSGSGTDFTLKI SRVEAEDVGV YYCFQATHDPLTFGQGTKLEI KR 50 VH h5F9. 23

EVQLVES

ADSVKGRhFFSRDNSH

ASHSCR

OAKGT TP,

YSEGYH-LEWEG

VOPGGESLRLSCAASGFTFS NY! RQAPGKGLEW GMTYYDSSEKHY
SNTL YL QUNShSAET) TA

DYWCQGTMWTVSS 51 VL h5F9. 23

DWLTQSPLSERALG
SGVPDRFRSB&IGT DR:

CSCSLE
d e =

PGQSPRLLI YEVSNRF
FGQGTKLEI KR 50 VH h5F9. 24

KGLEW GMTYYDSSEKHY
DYWCQGTWTVSS 52 VL h5F9. 24

DVVLTQSPESEPVABOPASHSERS SLE YSBSYHHEWFORPGQSPRRLI YEVSNRF
SGVPDRFHEBESGT DETLKI SRV YYQEQBTHDPLTFGQGTKLEI KR WO
2011/ 07po45PCHHP2616+ 66912650 VHh5F925 QLVESGGGEVQPGGSLRLSCAASGFTFS
NYGWNW B DNSKNTLYLQVNSLRAED
TAVYYCA | TQSPLSLPVTLGQPASI SCRSSQSLE
YSDGYTFbEWFIZIQKP( GTDFTLKI SRVEAEDVGV
YYCFQATHEPETFGOGTKEEI KR 50— VHh5F9 26 EVQEVESGEE. VQPGGSLRLSCAASGFTFS
NYGWNW PBKG. FY¥IGVI YYDame-M\ 26 ADVEORFTI SRDNSKNTLYLQVNSLRAED
TAVYYCAKGT TPDYWBQGTWTVSS .

h5F9.9 >10

h5F9.10 [>10

h5F9.11  [>10

h5F9.12 [>10

10

15

20

Example 9: Affinitv Determinations of chimeric and humanized antibodies using
BIACORE technology
The BIACORE assay (Biacore, Inc, Piscataway, NJ) determines the affinity of

antibodies with kinetic measurements of on-, off-rate constants. Binding of antibodies to
recombinant purified human RGMA was determined by surface plasmon resonance-based
measurements with a Biacore® 3000 instrument (Biacore® AB, Uppsala, Sweden) using
running HBS-EP (10 mM HEPES [pH 7.4], 150 mM NaCl, 3 mM EDTA, and 0.005 %
surfactant P20) at 25° C. All chemicals were obtained from Biacore® AB (Uppsala, Sweden).
Approximately 5000 RU of goat anti-human IgG, (Fcy), fragment specific polyclonal
antibody (Pierce Biotechnology Inc, Rockford, IL) diluted in 10 mM sodium acetate (pH 4.5)
was directly immobilized across a CMS5 research grade biosensor chip using a standard amine
coupling kit according to manufacturer’s instructions and procedures at 25 ng/ml. Unreacted
moieties on the biosensor surface were blocked with ethanolamine. Modified carboxymethyl
dextran surface in flowcell 2 and 4 was used as a reaction surface. Unmodified
carboxymethyl dextran without goat anti-human IgG in flow cell 1 and 3 was used as the
reference surface. Purified antibodies were diluted in HEPES-buffered saline for capture
across goat anti-humanlgG specific reaction surfaces. Human antibodies to be captured as a
ligand (25 pg/ml) were injected over reaction matrices at a flow rate of 5 ul/min. The

.. . .. . 1 -1 | .
association and dissociation rate constants, ko, (unit M™'s™) and ko (unit s~ ) were determined
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DVWLTQSPLSLPVTLGQPASI SCRSSQSLE  YSDGYTFLEWYL QKPGQSPQLLI YEVSNRF
SGVPDRFSGSGSGTDFTLKI SRVEAEDVGV YYCFQATHDPLTFGQGTKLEI KR  Exanpl e 8:

Char act erwpabiemmo@f hunani zed 5F9 anti bodi es usi ng conpetCirtEpesobbd1SA ELI SA
pl at es (Cost ar 3369) were coated overnight at 4 Cwith 50 [LI/well of 0.25
5 [Lg/ nlhRGVA in 0.2 M sodi um car bonat e- bi car bonate buffer, pH 9.4, washed
with \/\&glﬁelsmqr@muwé@%&w af %ﬁ hkjmel Ba% cnnéf@ﬁtsme qﬁ@d@w&%@@g IFIQ?UQL hr at
room t I t t er
jig/m Hmemﬁlanel@@l@ &ﬂtd@lhatﬁb’h)s daﬂdedlﬁib@bﬂd: necLa@gﬂm&tblﬁd:iﬁg tnaaél vaéib ifiredy
starting at 50 jig/m final concentration and serially diluted 5-fold) in
50 [LI /%vhta%wsm cEpspesatianrand [disgaeatiQiuri sesp fadlsight anjections {using gie'e?ézﬁttu ng the

Bt Phodray G Pl LEPTH GIELAEL0.L RS TM oy Bbi g il fipeahoend

HRP- ¢ onunig) M e thd reegticavbiethveen(Hantanged ahﬂl)o diey datd Ir%nﬁh]ﬁafm puridéd krmamcubat i ng

for room t enper at d washing with sh fer

dovel oAt WAL M5B EFB HEH Ty G C 106 SPLIFHAPY Torto FUBB prene ey red)
After |kng Abating 15 for 15 min at roomtenperature, color devel opnent was
st opped by "addi ng 50 [LI/well of 1N hydrochloric acid. Absorbance was read
at 490 nm Table 9 shows the | C50 val ues of humani zed 5F9 anti bodi es

obt ai nelrblsy:ryfinke of ehiperie and bimarired Gtal iy MenostanglGAaphmeaes Sof t war e

I ngqg, San Diego, CA). 20 Table 9: 1C50 val ues of humani zed 5F9 anti bodi es

in conpetitive FIISA Antibody 1C50 (ug/m1l) Antibody IC50 (ug/ml) h5F9.1
>10 hgP%ame N A WO 2014 O7M4BPCT/ KR2019/ 069120 h5F9. PKp{0MA5F9. 20 >2. 0
hSFS. S eric sFo 7.65%10° 236x10° 3.00

h5F9.21 3.55x10° 2.69x10” 7.59

h5F9.23 5.07x10° 2.21x10” 437

h5F9.25 5.70x10° 3.29x10” 5.78

Example 10: The humanised SF9 antibodies neutralise chemorepulsive activity of

human RGM A in a neuronal SH-SYSY chemotaxis assay.

15 The chemotaxis assay measures chemotactic behaviour of cells in response to
diffusible factors which can exert chemoattractive or chemorepulsive activities. RGM A has
been described as a protein acting in both membrane-bound (contact-dependent repulsion)
and in soluble, diffusible form (chemorepulsive) and has therefore been evaluated in an
hRGM A chemotaxis assay. To this aim RGM A —sensitive human neuroblastoma cells SH-

20 SYS5Y, carrying the RGM receptor Neogenin were used (Schaffar et al. J. Neurochemistry:
107: 418-431, 2008). SH-SYS5Y cells were grown in Earle’s Balanced Salt Solution/F12
(EBSS/F12) medium supplemented with 10 % fetal bovine serum and 1 % non-essential
amino acids (MEM-NEAA). For induction of neurite outgrowth cells were cultured in
medium supplemented with 10 uM retinoic acid (RA). 5-6 hours later, cells were trypsinized

25  and counted for plating in 24-well Boyden Chambers (BD Falcon 351185, HTS Multiwell
System). 500 ul of the cell suspension (corresponding to 1x10° cells) was added to the inner
circle of each well. This inner circle is separated from the larger outer circle of each well by a

PET membrane with 8 pum pore diameter. 600 ul of medium +/- RGM A +/- antibodies were
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h5F9. 21 0. 60 h5F9.4 >10 h5F9.22 >2.0 h5F9.5 >10 h5F9. 23 0.55 h5F9.6 >10
h5F9. 24 1.32 h5F9.7 >10 h5F9.25 0.66 h5F9.8 >10 h5F9. 26 >2.0 h5F9.9 >10
h5F9. 10 %0 2011/070045 PCT/EP2010/069120

pipetted into the outer circle and cells were cultivated in the Multiwell Boyden Chambers
overnight at 37°C. After incubation medium was aspirated and replaced by the fixative (2%
paraformaledhyde. Fixation was continued for 2 hours at room temperature and after several
wash steps with PBS permeabilization was performed using PBS containing 0,1% Triton-X-

5 100 (15 min, RT). Staining of cells was done by incubating them for 1 hour in the dark in a
solution of Alexa Fluor 488 Phalloidin 1:100 (Invitrogen A12379) and Bisbenzimide
(H332456) 1: 100. After 2 wash steps with PBS, cultures were filled by PBS, sealed by
parafilm and stored in the dark for the analysis with a fluorescence microscope (Zeiss
Axiovert).

10 In the absence of hRGM A cells migrate through the membrane pores and can be
counted after fixation and staining. Only those cells are counted which attached to the bottom
of the membrane, because these cells had migrated through the PET membrane. Cells on the
upper side of the membrane were carefully removed before the fixation procedure. This
chemotaxis assay proved that presence of hRGM A significantly reduced the number of SH-

15  SYS5Y cells migrating through the membrane by more than 80 %. The rat monoclonal 5F9,
the chimeric human-rat 5F9 and the humanised 5F9 but not an isotype control rat monoclonal
antibody (p21) partially or completely neutralised chemorepulsive activity of hRGM A at 10
ug/ml, manifested as larger numbers of cells found at the bottom of the membrane (Figure
10).

20

EXAMPLE 11: SF9 induces regeneration of crushed, damaged myelinated optic

nerve axons in a rat model of optic nerve injury.

The model of Optic Nerve Crush (or Optic Nerve Injury) provides an animal model to

test various substances that stimulate regeneration of the optic nerve fibers and reduce the
25  massive cell death of retinal ganglion cells.

The experiments were carried out in adult male Sprague Dawley and male Wistar rats
obtained from Charles River (D) Laboratories (Germany). The animals are kept in single
cages on a 12 : 12 h light/dark cycle with food and water ad /ibitum. The optic nerve crush is
performed always only at the left eye by minimal anterior surgery. This is a minimally

30  invasive method of optic nerve injury and was developed by us, according to human anterior
visual surgical methods. Before and during the operation procedure animals are anesthetized
by inhalation anesthesia using Sevoflurane (Abbott GmbH Co. & KG, Delkenheim,
Germany) and are fixed on the operation table by using jawclamp and adhesive tape for the

limbs. A drop in body temperature is prevented by mounting animals on a heating pad. For
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h5F9. 11 >10 h5F9. 12 >10 Example 9: Affinity Determ nations of
chinmeric and humani zed anti bodi es usi ng Bl ACORE technol ogy The BI ACORE
assay (Biwoangy/o7beas, Pi scataway, NJ) determ nes the affipgoirtppr2eb/oband i bodi es
wi th kinetic neasurenents of on-, off-rate constants. Binding of antibodies
to reconbi nant I?urifi ed. human RGVA was determ ned by surface plasnon

r esonarf@Erion sedh swasyy o ek opiiq rerye. Bl cxn isspoiuiinEesd pfdiaament #idor e0 AB,
U I } i < Hy; . NaCl, 3
o 20T Ao R SAR ch A O bl S OS5 B etk s B T e

f r om BicatarcetheABS (htpps &l ey foSwed dien tHkophis preoxi iratmisyd BY0nRWpei ofoat

anti-h n 1gG (Fcy), fragnment specifjc polycl ongl antibody i erce

Bi ot ecHABFBYY TH ,téﬁe_%ec%% P sy Cilrﬁah%a*}%%apirmgd&étﬁﬁ%ni% 4.5)
vas 5di rect i heambisMEe hn@ai@isloy bPAGARE Blicrot@derdib RRFIE Me GlHcP USing a
standard am ne coupling kit according to mahufacturer's instructions and
procedureg.at 25 ng/m . Unreacted noieties on the biosensor surface were

bl ocked wit h.et hanol.ami.ne. Mdi.fi b l, 15 dext f i
Flowoel 1 2. o 5 RRdR fulgies SR SE RN ST PRI b ST 4B Bt ny!
dext r amceésk ROUS 1cBUPkic ABkve: ThStic i d B idjlLRw agﬁﬂdxirﬁaté‘l@d -3 A Hehing@has the

reference surface. Purified antibodies were diluted i n HEPES- buffered
sal i ne dyerusiigpt PriEoHOrwWeS s daproaiicia fivpdenixdauapuesspiecior d8tliso Apeniglfcases .

Hungn 3040 H&teté éi%glta&gthglavgﬁc‘ﬁ'ia?@u&ﬁﬁ%{ﬂﬁl% ?hdn(% ng/m) were injected over

reacti on ITB.I?I’I [ wrate o The 20associ ati on and
di ssociation rate constants, kon (unit Ms') and koff (unit s-1) were
determ ned WD 2011/070045PCT/ EP2010/ 069120 under a conti nuous flow rate of

25 i 11/ mn. JfpatRacaifingiiRiodsandiboties dndbufRKkkslgtishhet i ¢ bi ndi ng
measurenents at ten different antigen concentrations ranging from 0. 39-50

nM  For ki netfte cashliyjaigof thabptieaguad maksSpdeguc\zovity e whe tidcafedladadiyui r

bi ndi ng nodel were fitted sinultaneousl 0 associ ation and di ssociation
phases ‘6fh a1 aritgrly (8 rj Gp ey thesiHgeagrabantiopdy Isﬁr%_awygﬁl%) %Y & he use of
E’/;qg¥a|\léﬁfc'lé)&nﬁppPﬁS%ﬁfztl\ﬁ%ﬁnallﬁjﬁxg%éﬂt ﬁ?& R Fhiathé A QN He@Menf Uni t

of the reaction between hunmani zed anti I es and reconbinant purified
human REM{pswaer lbbted antladdyuipatiexdiohr smmalt gedfoleinmedes (leagth: 2.0 mehawidsh:ByS ting

o o (o P KO L, S AL T AT 55,708
PBS and were placed directly adjacent to the optic nerve lesion site. After minimal invasive
surgery and antibody application, animals were placed on paper towels in the clean cage

20  mounted on the warmer to control the body temperature until they started to move. An
ointment which contains antibiotic (Gentamytrex, Dr. Mann Pharma) was applied onto the
eye to avoid bacterial infection and drying-out of the sclera. Carprofen (Rimadyl, 5 mg/kg,
Pfizer GmbH, Karlsruhe) was applied i.p. for postoperative pain therapy directly after surgery
and then twice per day for a 3 days period. The animals were observed and controlled

25  regularly several hours directly after surgery and in the next days to make sure that all the
animals survived and recovered from anesthesia and surgery. 5 weeks after surgery and
antibody/vehicle application, animals were anesthesized with an overdose of Narcoren (40—
60 mg/kg) and were perfused by injection of 4% paraformaledyde solution into the heart.
Optic nerves were isolated and were transferred into a 4% paraformaldeyde solution for 1 h at

30  room temperature to ensure proper fixation of the tissue. Following postfixation, rat optic
nerves were stored over night in a 30 % sucrose solution (4 °C). On the following day optic
nerves were embedded in Tissue Tek, frozen and longitudinal sections with a thickness of 16

um were made using a Cryostat.
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2011/ 07064 SRCHIIEPZREOWRD IBR,1 % Tween (5 min each step) and with distilled water.
Sections were embedded in Fluoromount G, were covered by a coverslip and were stored in
the dark for microscopic documentation.
Using a Zeiss fluorescence microscope images (Figure 11) of stained longitudinal
15  sections were stored using the Zeiss Axiovison software. Single pictures of each nerve were
mounted for analysis using Photoshop Image Analysis software (Adobe). Quantitative
analysis was done in two different ways using the composite images of the optic nerves. The
GAP-43-positive arca at the lesion site was measured using the Axiovision software (Figure
12B). Independent of this first quantitative analysis single regenerating fibers (GAP-43
20  positive) were counted in 4 different areas: 0-200 um, 200-400 um, 400-600 um and 600—
1200 um beyond the crush site. Data analysis and statistical evaluation of data was done with

the help of the Graphpad Prism software. (Figure 12A)

b) Systemic administration of antibodies and buffer solution.

25 For systemic antibody delivery, male Wistar rats were treated systemically
(intraperitoneally, ip) or intravenously, iv) with 5F9 antibody (n = 10 animals) or with a
vehicle control PBS (n = 10 animals). Animals were injected two times and injections were
done on day 0 shortly after inducing nerve crush and on day 21 after crush. Doses of antibody
given were 2 mg/kg on day 0 and 10 mg/kg on day 21. Animals were killed five weeks after

30  crush injury and tissue isolation, preparation of sections, stainings and quantitative analysis
was done as described above. As before experimenters were blinded for the two different
treatment groups. Composite images of rat optic nerves are shown in Figure 13. In the SF9
treated animals (A), many GAP-43 positive fibers are extending beyond the crush site in

contrast to control animals treated with PBS (B). The crush site is located at the left margin
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injury 10systemcally (iv) wth 5F9 antibody (n = 10 animals), the 8Dl
control awmbi2bodyoges = 10 aninals) or with the vehicl e ceormpboleB&16m = 10
animals). Rats were injected once per week with 2 ng/ kg of antibody given
iv and injections were started i medi ately after optic nerve crush. All
rats r SEBPRBENTAALS FyTQNUS ASTErrdusAny $ia saigg mathedlsy fiBtnmediglelysirapt er crush

injury.; i . ! i i n ifative
el yoi ARG ERBHER BERSh hq G PchL BEYSSBE ARPRSE MeFoR, e o
PBS si gifirthg/kgrdbbages nCangdwodids)t he nunber of regenerating GAP-43 positive
fibers. Significantly nore fibers (p < 0.001) were found in animals treated
with 5F9 at distances 200 lamto 1400 Iam than in vehicle or control

anti body treated animals. Animals were treated iv once per week for 4 weeks
st aPti rié%ﬁ““&d&reba%ﬂoﬁ apdgmmungfluogescent Hawie: with the control anti body
8D1 (2 ng/ kg, per, dose), or with PBS. . Fi gure 14B) MPLE 12: 5F9
"nduces. T enviTH Rete PP Pt WihaguRITBH © T Yoot (BB EnFRIE A model
of optiGeieiodDy dpenik Yhe ribvaPREKEPerfiRiondh 199 de pathREMhRISh ARA PFKG kbIDtibiS
myelin-basic protein (MBP). An 25 antibody directed agal nst P was used to
answer thieaghthedett beart verdii¢le cFleryes wetscdisseeldd iwithrtberperineptae towud ardjusied

di fferent, treatnep oups.. To visualj.ze t rocess of renyelination,

opt 1 o oy plEaL"F O PATHE ot P UE ILEEPRESTS Vere T xed w th ol o
(- C) Acet ! H9 Haht j i (TBS,
Fl ﬁga 93312)ma%ﬁélép]v"\l/gartgglnﬁf 61%%@%%3?%%@”&}&5%@' sedlgv]\aﬂaﬁéefgg%ﬁ %@ﬁ?%‘?ﬁ?%%‘% %
Bovi ne NegneniuAl- hudiCalcand-fikceYbnlitrdgen,- 7441000 780. TG yiwap fixad ar thoronnective

tenperature). Residual BSA ,and detergent. was renov by 2 separate wash

st eps (tz§suﬁ$v@ae€mrsaal ORB oS O RACTBRIEe FUmesh or over o ght
at 4C with | ycl gqnal .r.abhit, anti - ant i body., (Abcam ab. 2404 iluted
50 in 5 ocredmraadd lifgPoudi AUt udedniE st N Habeen
sect i ongsdesethdiGibathe detin@! Inlcabe fit rét@RNN dsefpettatiédeo W salcad— Al veasasehdlyor
488- conj ugated goat anti-rabbit secondary anti body WO

2019/ oﬁwmsmrﬂ%mksi@maglzo (Mol ecul ar Probes A11034), diluted 1: 1000 in
5 % BSA/ TBS, al.ni 1 ' ' - ' i 3 , 50i Li g/ m)
fo vi sual i 20 Sa rier e frfulR ST bR, HeRelel Saaifiad, Slichaa s
times WitrdcellBBs® mbnfiransg Sartdriusnd 18 006.10-18). Pt wan destkdahy theshdrhbreae wather .
Sections were, enbedded i n Flugromunt G were covered by a coverslip and
wer e stTSfr*@dor}‘r‘i“@StaH‘é‘fV%ﬁOI@WWf% t18$8%0pi ¢ documentati on. Using a

Zei ss 11 uor a3RRNRAE, MdARLOPHTIRFRS RlpiRba it B LBk iale SERELPNS were
stored using the Zeiss Axiovison software. Single pictures of each nerve
wer® ndum@delyde selotbdly §its 7 ds FsberFvadntisiooft /I 530g2] ) Anaft (S istilshé t war e ( Adobe) .
Quantitative anal(iye%j[s was done jin t di fferent ways using the conposite

i mages IH]Fm’tnﬁgu%rﬁ? ﬁ_@%"_.va&ﬁ% °NBF:positive area 10at the lesion site was
measured usigignfnl qsﬁeﬁ&mealaeéb@ﬁgttaﬁ@fe%ll&@ﬁlgp@&a&(ﬁs' s and statistical

eval uation of data was done with the help of the G aphpad Prism software.
Ani mal s wer el herretanaadepiratipn5Fes washddyvith T4 folllwed ynblockipg ked and 10 ny/ kg,

e vyt ORS B asEeLE BrdTar SRR BRI ER bk Bl 1

vi 98al iwigdTBSI Pgmary afibbdiedindstiocratedb auai Natmdule amy-BIIIMTuRaliker, nyel i n
basic protein MBP. Crush sites are located in the mddle of the conposite

ner ves “lfepniiieatdAedd:il 09 deution, iy ERSch &o BPAapas addsdtfpnl hapraem nparayig B) .

In the . i . . ) It r.uc S are
observe lﬁ?en&a%%gglﬁgﬁgﬁgqursgg&(ggﬁggﬁac%r11%?%G%E?'E@%gtﬁ%%gd%@ra\%%& (Figure 15)
20MWy el i(Dehkonantsmeisu@y3; aksors Imguask apirch ddianova) ¢ 5-dds5ddga) nso0d he nyel i n
mar ker elin basic protein P. The MBP area was neasured ing the Zeiss
A ovi SEHIBH T aerT 4o e sl QS B e dBons *hBadu Peeitas Ihd M <. ¢ he
8V @0a0GoIRASHHE N RO Sk (Yo AL, walihd BEh TBREE. 19000 deh 98Nk {ins 0 001
versus the venicle control) the MBP-area of the optic nerve crush site by a
f act or voith @sblted Hi@uUFle pi6)ar@onExXANREENDGnted RIthgflodrentosnt Giend storadadt nerve
fiber IaﬁgﬁriPﬁgN%g% from degeneration and i nduces sprouting of retinal

neur ons' enerati ng RNFL

102



In order to observe protection of RNLF degeneration and induction of

retinal neuron 30sprouting a novel |aboratory assay nethod was established.
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meut r al oy e shosehafl SRy b b Gl bR R AR 0 3 R D
Scientific, BEtEXPLADEntahree4@inantiith drindhed opunodrverowasaset fos tathngrgp:was
per.for ned tajning is rformed . accordi he.fol | ow prat acol ;

Thd5r erlinar b araih B Fadcofaaiy Goth orble F TRl Lisy P g Ry e

per mealydiisBed laRhy¥k hils ?_er%rﬁ%ﬁ‘gusﬂig%le-r GrdpAPadpAf pkdgradBS for 30 mn und
washi ng again 25°wth TBS. Prinmary antibodi es (nonoclonal Ab TUJ-1, a nouse
anti-B |11 Tiheuktsults Afs, illass@aed indFiglye 4844 signst@ndy higheromimben of BBoutingo BSA)
was added for 1 h at.roomtenperature in the dark follo shing with
Ts, "o Moeudnted: T ERBRId P R b o RSl Fn Ry 5!
Jacksomntippaneres aaestbrd Dl anova) 715-165-151, 1:1000 dilution) and

Bi sbenzim d (50iLig/nl 1:100 dilution) (in TBS, 5 % BSA) was added for 1 h
at 280 room tenperature in the dark foll owed by washing with TBS, 0.1 %
Tween 20, and washing wth desalted H20. The preparati on was then nounted
wi th Fluoronmount G and stored at +4C in the dark WO

2011/ 070045PCT/ EP2010/ 069120 b) Investigating the protective effect of 5F9
on retinal fibers in the eye (the RNFL) Using the Axiovision software,
randomy selected inmages (n = 12) of each retina were chosen and the nunber
of nerve fibers was deternmined for each imge. For the experinent
three retinae with crushed optic nerves were used for each group: 5 the 5F9
mab group, the p21 control mab group and the PBS vehicle group. Data

anal ysis and statistical analysis was perforned using the G aphPad prism
program The results are illustrated in Figure 17. A significantly

hi gher density of nerve fiber bundles is observed in retinae of aninals
systemcally treated with the 5F9 anti body of the invention. 10 c)

I nvestigating the effect of 5F9 on the sprouting of retinal neurons in the
eye Using the Axiovision software, randomy selected inages (n = 12) of
each explanted retina were chosen and the nunber of sprouting neurons was
determ ned for each inmage. For the experinent three retinae with crushed
optic nerves were used for each group:
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15 the 5F9 mab group, the p21 control mab group and the PBS vehicle group.
Data anal ysis and statistical analysis was perfornmed using the G aphPad

pri sm progoami/ofb@sresults are illustrated in Figure 18pcAvepb@niotéte@ant |y

hi gher nunber of sprouting intraretinal neurons is observed in retinae of
animals systemcally treated with the 5F9 anti body of the invention. 20 WO
2011/ oﬁbﬁﬁaﬁfpﬁéé&mglzo WHAT IS CLAIMED I'S: ~A binding protein for
human RGM A for use in the treatnment of retinal nerve fiber |ayer (RNFL)
degeneration. The binding protein for use as defined in claim1, wherein
sai d trleat nehbindsngaproteirefoa pembn & (v Apfospky Inatbt tregtnrretsfocegd mervatfibee or
neuroprotective,%$@iil or systemc treatnent. The binding protein for use
as defined ilWE( degensraliherein as a result of said treatnent a)
retignal neuron sprouting is observed; and/or b) RGC (Retinal Ganglion Cell)
axons in the retina are preserved from degenerati on. The binding protein
for use.as défcmedng proteie fofust hedgimededclagn dl whesin saftbtreitmenstas an RNFL
degeneration,is associated wi.th a di sease sel ected from, di.abetic

" eti nopat hy, NERAERICE PRI i e oMY R S S ERES  eniest 3 SY3 B i si s,
dr ug- i nducedrQ@phédz. neuropat hy, retinal dystrophy, age-related macul a
degener ati on, eye di seases characterized by optic nerve head drusen, eye

di sease characterized by 20 genetic determ nants of photoreceptor

degenerat i ong . e ' o - ty n ] ndri al

di 99 dev s mrl{l}?%g‘tﬁ‘ﬁ}lggﬁgd?é%gﬁg% H@ﬁ“@ﬁ%%‘?ﬁé%%’ Y)Vg%{%fl T JRRENTEE R
in one of theapnhateding clains that dissociates fromhuman RGM A with a KD
of 1 x 10-7 Mor less and a koff rate constant of 1 x 2510-2 5-1 or |ess,
bot h det er m#edctyial Berpn sROPlRgIORSTEEbAEHEE. 6. The binding protein for
use as defingdyg : olg [ cl.al 0 i A and
neutrali zes%? heR (?1%8?:&%1%& S%i‘?%%oglvf ﬁﬁglﬁﬁ?sblﬁttgér 1;&%3%?1'% \Plr?%?{)\%? i}ognng%]g%Was
determned in a standard in vitro assay. 30 7. The binding protein for use

as defined i ne..of the precedi cl.ai ns, ich is a hunani.zed anti body.
00 501 1 070Gt iSppislan Bugibsg: Botineran Aol b Pricediaf AEy WEE i dier s nod

in one of thenpracgdRBios el i8oiatc@IRthiasdifdsARIRMd fB&R: bi ndi ng domai n, said
bi ndi ng protein capabl e of binding an epitope of an RGM nol ecul e, said

anti gen bi ndlighgtid setmiopatbpnipehicsiingptat nduegsithyo ¥echtbRostehelttled rétmmsehibie, gr oup

consisting of: 5a) the CDR- H3 group amno acid sequences cqgnsisti.ng of SEQ

1D 'No 50 aniesE sl o el e R R IR 8 vence

identity of @t diseast cRRY6tEGzcANS ophic HBivd h‘é@(ﬂﬂ'@l@@tﬁ,%%@ aneHsc @ﬁaracterizeld)bgt he

CDR- L3 group am no acid sequences consisting of SEQID NO 62 and 68, and

10@8di fi ed CRRetEMITERINGS efadgtaiewdtos dopengrabioscateeanl regessivictopnefodt | east

50%to one @ I i.ngi I in for use as defined in
dc st?%:}h g&gﬁﬂgtlggnlgo?ldgglr (%1]{%;8@9 '\xﬁt% d?)gic Bel?trogétp%

one of the pryec conprrsrng a ast one CDR sel ected

from
5. The binding protein for use as defined in one of the preceding claims that dissociates
from human RGM A with a Ky of 1 x 107 M or less and a ko ffrate constant of 1 x
25 10-2 -1 or less, both determined by surface plasmon resonance.
6. The binding protein for use as defined in one of the preceding claims that binds to
human RGM A and neutralizes the neurite outgrowth inhibitory activity of human
RGM A as determined in a standard in vitro assay.
30

7. The binding protein for use as defined in one of the preceding claims, which is a

humanized antibody.
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15a) the CDR-Hl1 group of am no acid sequences consisting of SEQ ID NO 57
and 63; and/or b) the CDR- L1 group of am no acid sequences consisting of
SEQ | D NQvo@011ano@s; and/ or c) the CDR-H2 gr egp/mrbo@msneo aci d
sequences consisting of SEQ ID NGO 58 and 64; 20and/or d) the CDR-L2 group
of am no acid sequences cqnsisting of SEQ ID NO 61 and 67; and nodified
CDR anitho achhy biedjoeAosain fersags actyiedde Aeeot e prqceding £lagps, camgtisingest o one

f id - i-peli ' j; Fnoclaim9,
corpri si ng ATUpaEtpdRE b, RNTRhDEPREIE furkBl df M, LR " ok
set consi st ik@VodolecW@) B0t R0 0hdREGTdoRk2i0 d@h MGEIP ot [vidt BROCH®t seleckdd 5F9

CDR- H1 Resi %?es 31-35 of SEQ ID NO.:34 SEQ ID NO 57 VH 5F9 CDR-H2 Resi dues
50-66 of SEIHUNGOWcHEEiiHONO 58 VH 5F9 CDR-H3 Resi dues 99- 104 of SEQ

| D HO. = 34 S%gtﬂe[tlb'@-Hﬁ %ro\éh arfifo 88d sequithce’ T8nRplol SRESISINGS 534nd850indSEQ I D
NO :10 SEQ ID NO 60 VL 5F9 CDR-L2
modified CDR amino acid sequences having a sequence identity of at least 50% to
one of said sequences;
and/ or
b) the CDR-L3 group amino acid sequences consisting of SEQ ID NO: 62 and 68, and
10 modified CDR amino acid sequences having a sequence identity of at least 50% to

one of said sequences.

9. The binding protein for use as defined in one of the preceding claims, further

comprising at least one CDR selected from:

15 a) the CDR-HI group of amino acid sequences consisting of SEQ ID NO: 57 and 63;
and/or
b) the CDR-L1 group of amino acid sequences consisting of SEQ ID NO: 60 an 66;
and/or
c¢) the CDR-H2 group of amino acid sequences consisting of SEQ ID NO: 58 and 64;

20 and/or
d) the CDR-L2 group of amino acid sequences consisting of SEQ ID NO: 61 and 67,
and modified CDR amino acid sequences having a sequence identity of at least 50%

to one of said sequences.

25 10.  The binding protein for use as defined in claim 9, comprising at least 3 CDRs which

are selected from a variable domain CDR set consisting of:
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Resi dues 55-61 of SEQ ID NO. :10 SEQ ID NO 61 VL 5F9 CDR-L3 Resi dues 94-102

of SEQID NO :10 SEQ ID NGO 62 VH 8D1 set

VH 8D1 CDR-H1l Resi dues 31-35 of

SEQ | D NGv020118E6045D NO. 63 VH 8D1 CDR-H2 Resi dues 50- 6@cofEPSH@obd2MNO. : 55
SEQ ID NO 64 VH 8D1 CDR-H3 Residues 97-110 of SEQ ID NO :55 SEQ ID NO 65

VL 8D1 set

VL 8D1 CDR-L1 Residues 24-34 of SEQ ID NO :56 SEQ ID NGO 66 VL
8D1 CDR-L2 Residues 50-56 of SEQ ID NO :56 SEQ ID NO 67 VL 8D1 CDR-L3
Resi ‘W‘I—D—N@——W : QD NO 68

VH 5F9 CDR-HI1 | Residues 31-35 of SEQ ID NO.:34 SEQ ID NO: 57
VH 5F9 CDR-H2 | Residues 50-66 of SEQ ID NO.:34 SEQ ID NO: 58
VH 5F9 CDR-H3 | Residues 99-104 of SEQ ID NO.:34 SEQ ID NO: 59
VL 5F9 set
VL 5F9 CDR-L1 | Residues 24-39 of SEQ ID NO.:10 SEQ ID NO: 60
VL 5F9 CDR-L2 | Residues 55-61 of SEQ ID NO.:10 SEQ ID NO: 61
VL 5F9 CDR-L3 | Residues 94-102 of SEQ ID NO.:10 SEQ ID NO: 62
VH 8D1 set
VH 8D1 CDR-H1 | Residues 31-35 of SEQ ID NO.:55 SEQ ID NO: 63
VH 8D1 CDR-H2 | Residues 50-66 of SEQ ID NO.:55 SEQ ID NO: 64
VH 8D1 CDR-H3 | Residues 97-110 of SEQ ID NO.:55 SEQ ID NO: 65
VL 8D1 set
VL 8D1 CDR-L1 | Residues 24-34 of SEQ ID NO.:56 SEQ ID NO: 66
VL 8D1 CDR-L2 | Residues 50-56 of SEQ ID NO.:56 SEQ ID NO: 67
VL 8D1 CDR-L3 | Residues 89-97 of SEQ ID NO.:57 SEQ ID NO: 68

or a variable domain set wherein at least one of said 3 CDRs is a modified CDR

amino acid sequence having a sequence identity of at least 50% to the parent

sequence.

11.  The binding protein for use as defined in claim 10, comprising at least two variable

10  12.

15 13.

14.

20

domain CDR sets.

The binding protein for use as defined in claim 11, wherein said at least two variable
domain CDR sets are selected from a group consisting of:

VH 5F9 set& VL 5F9 set; and

VH 8D1 set & VL 8D set.

The binding protein for use as defined in one of the preceding claims, further

comprising a human acceptor framework.

The binding protein for use as defined in one of the preceding claims comprising at
least one heavy chain variable domain selected from SEQ ID NO: 35, 36, 37, 38, 39,
40, 41, 42, and 43; and/or at least one light chain variable domain selected from SEQ
ID NO: 44, 45, and 46.
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or a variable domain set wherein at |east one of said 3 CDRs is a nodified
CDR am no aci d sequence having a sequence identity of at |east
50% t o t hwoparianbodssequence. 11. The bi ndi ng protein for pesErasogdedicned in
claim 10, conprising at |least two variable donmain CDR sets. 1012. The

bi nding protein for use as defined in claim1ll, wherein said at |east two
var i abl & donierDitshre geotain oraiss ap defined in ppnene ofrtbeiplatbAdiandi IdgwBeteinvH 5F9
set& VL 5':9 Sﬁﬁitﬁurﬁa{ﬁdacy t Iﬁg\;/ofﬁ‘ céqn ﬁ@s a%?éast O]n?]ﬁ?ang%rp'r%g&pgmﬂlro%gﬁkn for
use as defined 1n one of the prece |Rg clainms, further conmprising a human
accept or fr asobsouoton dt4 KEhecddduedsaid kpy okeua séloctedifomabe delupredsistimgarte of t he

preceding clainms conprising at. S g heavy chain variabl e domain
sel ected fréﬁ?@?@%%sﬁ@}en po%t@n)sligggi%gg %ﬁg 41, 42, and 43; and/or
at Ikeast Oﬂ?h%&&ﬂhm%@i&ﬂwy ggg?ezppquyLselected_frpnlsEQ D NO 44, 45,
and 46. WO 2011/ 070045PCT/ EP2010/°069120 15. The binding protein for use as

defined in any one of the claim 13 and 14, wherein said human accept or
framewor k c ri.ses attLea t _one ft nemo&ﬁ rqrjon nmno a %d subs%itution
at & kel r eshHRAiEe PtRE O procti of (BOPSCIung FPohY PRETHY SibPRIREIERG of
(heavy chai reosfeides eedadOsd (ff@mkiwotk mAtatddf vaddble 48maiBav@8 an Ghiigdhicighai n

sequence position): 2, 4, 41, 51. The binding protein of any one of the
precedi ng clsaflmice wHedted Homdheigiounsieangisgr®PEi n conpri ses at | east one

f ramewor k . i i 19¥i n 1. no aci d sequence sel ected
§r3§1the grgﬁ%gaggﬁgﬁg@%%g&ﬁ§g2¥ﬁ%§§£QZ%gg#agggggﬂces)ISE% FB NO Z?, 48,

49, 50; and ((ightghtincbquehcsd SEENIRI0: SEQPL,B3NGd &1, 52, 53, and 54. The
bi nding protein for use as defined in any one of the preceding clains which
is an anti body selected from5F9 and 8D1. A nethod of treating RNFL

degene ret Logl%l}eetﬁﬂaﬁ%ﬁo@&n tf(t}%s? rag Hefﬂied%g Hhi‘bl%é & th@%e%@di% Qﬁmrf-cﬂ isg&gd

t hereof a ective anount o conposition conprising an 1solate i ndi ng
protei n as dafibodydsclavtc@nfyonéFofand RBI1cl ains 1 to 17. The nethod of claim 18,
wherein said treatnment is an therapeutic or prophylactic, neuroregenerative
or1ﬁeuroprotective, | ocal or system c treatnent.

18. A method of treating RNFL degeneration, comprising the step of administering to a
mammal in need thereof an effective amount of a composition comprising an isolated

binding protein as defined in anyone of the claims 1 to 17.

20 19. The method of claim 18, wherein said treatment is an therapeutic or prophylactic,

neuroregenerative or neuroprotective, local or systemic treatment.
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