6 February 2007 5 Antibodies Field of the Invention gmbpﬁ%@ovnvent i on

relates to altered anti bodies that bind to nyelin associated glycoprotein
(MAG and neutralise the function thereof, 10 pol ynuci eotides encodi ng such
ant i bodi es, pharmaceutical fornulations containing said antibodies and to
t he use of such antibodies In the treatment and/or prophylaxis of
neur ol ogi cal di seases. O her aspects, objects and advantages of the
present invention will becone apparent fromthe description below 15
Background of the Invention Stroke Is a major cause of death and disability
In the Wesbern World. There |s no apAnbtibedigsher apy for the treatnent of
stroke other than t-PA which has to be adm nistered wthin 3h of onset
following a Cr scan to exclude 20 haenorrhage. To date nost therapeutic

agent s dir ect Eikld ofithd Inveatibeat nent  of acute stroke (i. .
neur opr ot ect on), ve predom nantly Invol ved targetin utamat e receptors
and their down st pﬁ!ﬁrﬂ’%—?‘aﬁ nvenHgn platesig alt ?(ﬁg\ﬁﬁtig@i%t%afi gmglt?éw IR acute
cell death. nsuccessful in

" BeuBted!dly (i dtein TRRAG) Shi REAGAIRS the WindBbR Yiéte of

clinical trials a ten ‘assoOci at e n side 25 effects

(Hi 11 & Hethi pRIxmuclepiides emtoding suslzantjmqm phamjaceotical faraedetions Ther ef ore

cor | death 1artANRGE R BBRESER S e i let gm@%&@mg&ﬁg& sl of

stroke, sorre ahejoresrophylaas of AaFOIGicAlTIsEabes) aDthek @SIAcEd, rved I'n many
patients, t|n that the brain has the (al beit éO Iimted) ability to
repair and/ or of they Rgsang 'ﬂVﬁF%‘?WW“!ﬁ@féﬁm? apparent fom thedesgirtion; a1 to

enhance this &g@pvery may therefore allow intervention to be nmade nuch
| ater (potentially days) follow ng the onset of cerebral ischaem a. Agents
whi ch ardbable to offer both acute neuroprotection and enhance functional

recovery nay.aroglde s!aghﬁ Eantlﬁdvantages over current potential 35
neur opr ot ect | ;
Stroke is a major cause of death and disability In the Westem World,
There is no approved therapy for the treatment of stroke other than t-PA which
has to be administered within 3h of onset following a CT scan to exclude
20 - haemorrhage. To date most therapeutic agents directed towards the treatment
of acute stroke (i.e. neuroprotection), have predominantly Involved targeting
glutamate receptors and their down stream signaliing pathways known to be
involved in acute cell death. However to date these strategies have proved
unsuccessful in clinical trials and are often assoclated with dose-limHing side
25  effects (Hill & Hachinski, The Lancet, 352 : (suppl III) 10-14 (1998)). Therefore
there is a need for nove! approaches directed towards the amelioration of cell
death following the cessation of blood flow.
Following the onset of stroke, some degree of spontaneous functional
recovery is observed in many patients, suggesting that the brain has the (albelt
30 limited) ability to repair and/or remode! following injury. Agents that have the
potential to enhance this recovery may therefore allow intervention to be made
much later (potentially days) following the onset of cerebral ischaemia. Agenté
which are able to offer both acute neuroprotection and enhance functional
recovery may provide significant advantages over current potential
35 neuroprotective strategies.



6 February 2007 5 The mechani sms underlyi ng functi onglFebeaaneR2odr e
currently unknown. The sprouting of injured or non-injured axons has been
proposed as one possible mechanism However, although in vivo studies have
shown that treatnent of spinal cord injury or stroke wi th neurotrophic
factors results in enhanced functional recovery and a degree of axonal
sprouting, these do not prove a direct 10 link between the degree of axonal
sprouting and extent of functional recovery (3akeman, et al. 1998, Exp.
Neurol . 154: 170-184, Kawamata et al. 1997, P B& Nall Acad. Sci. USA
94:8179- 8184, Ri boThémeeharasms aAddlying Miactiomabirecavery azaurerglysminown.

Furt hernore, axonal 0 n ulres vi ab

as stroke whi Jﬁelsem&EE ? 'érgd 89"@{"@%5%985@? Bgﬁt@%ﬁ‘)&e@n%ancenent of 15
functional reqeBNsH] ste&brbmrﬁmghvmw@gﬁuaae@nawe stiowrkehatrtreatnhentef or e be
t hrough nechani sns ot her than axonal sproutl such dl‘?@}? entiation of
endog;anous dst spinakdord jnjerytar mk@wltbmeumm 'ﬁ’ﬁ@% ﬂﬁf’ééhtd e ish
recept or i's er,
1999, Brain @&3@?@%@@5a%égigsrﬁggg@ga@ggeﬂ 200 e 07
963-970) . 180 ﬁmebéuweehetﬁe degree of axdnat beroating and enent/oﬁfynetmbmcp‘(ﬂﬂSS) to

repair follow
the CNS envir

o oh . 190, Blbucal 16770 e Seiinded B RL TSP Brott 1 ) "

(neurite out gwméd ed4:91 7581 84) ORMbHa,! & 2.02008) amamshlt Eorxslw ecul es

(Schwab ME an

roni ) J. Neurasci. 8, 2381-2193

nyelin

protei ns, nyebisd)aEwbhermone agppaicsprant@grreqtsre@m(ﬁyblamumgiﬁ ﬁﬁ@iﬁeﬁéé'q" cl oned

P bt b B ot ot Rt 1 S, ot 2

(1994) Neus onfiikdtiontd peddldry dffdrbd bpdiyhvaan dgeat past stma@n)ay therefare bie3 757- 767,
Toi i goe K and Lundborg G (1997) hburoI%% 150, é P tﬁ@h r et al
(1996) Neur onthreugh mgehanisms otigothanaxenalpraiina sy @Wﬂ CR0L aI

2000 Nat ureq £hag
S andir o ot 'ah?ﬁbfg‘é%‘zféﬁ'gwﬂre ity %fg@gﬁi&ggggoﬁ 0414%&3'%20 5364A1
W00031235) . WBtrlhntlmsbdaﬁbtﬁligd gfonasronseongliadFaweatt & Asher, 1989+ BalsReSabr ane’

nol ecul e exp
extracel | ul ar
an intracgd!l ul ar

néﬁ%@ifﬁﬁﬁ‘ggﬁg‘?@%@@.%@ﬁ%@ﬁ% :’:I\I’/lg domai n and

The limited ability of the central nervous system (CNS) to repair following

injury is thought In part to be due to molecules within the CNS environment that
have an inhibitory effect on axonal sprouting (neurite outgrowth). CNS myelin is
thought to contain Inhibltory molecules (Schwab ME and Caroni P (1988) J
Neuroscl, 8, 2381-2193). Two myelin proteins, myelln-assodated glycoprotein

25 (MAG) and Nogo have been cloned and identified as putative Inhibitors of neurite
outgrowth (Sato S. et al (1989) Biochem. Blophys. Res, Comm.A63,1473-1480;
McKerracher L et al (1994) Neuron 13, 805-811; Mukhopadhyay G et al (1994)
Neuron 13, 757-767; Torigoe K and Lundborg G (1997) Exp. Neurology 150,
254-262; Schafer et al (1996) Neuron 16, 1107-1113; W09522344;

30 WO09701352; Prinjha R et al (2000) Nature 403, 383-384; Chen MS et al (2000)
Nature 403, 434-439; GrandPre T et al (2000) Nature 403, 439-444;
US005250414A; WO200005364A1; W0O0031235).

Myelin-assoclated glycoproteln Is a cell surface transmembrane molecule

expressed on the surface of myelin consisting of five extracellular
35 immunoglobulin domains, a single transmembrane domain and an intracellular
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-2 6 February 2007 5 domain. MAG expression is restr@téebtuagy @007 nating
glia in the CNS and peripheral nervous system (PNS). MAG Is thought to
interact with neuronal receptor(s) which nediate effects on the neuronal
cyt oskel eton including neurofilanment phosphorylation and inhibition of
neurite outgrowmh In Wo. Although antagoni sts of MAG have been postul at ed
as useful for the pronotion 10 of axonal sprouting follow ng Injury
(WD9522344, W9701352 and W9707810), these clains are not supported by In
vivo data. Furthernore, the role of MAG as an Inhibitor of axona

sprouting f5rom %ﬁ Y fs\r@sthicted 96 myiligatig dilalin €& ENSahd ( 1994)
Nat ur e 369,5 74?97%?0; %?%»gekﬁ% est at (1994)\’|éNe!l;§ongi 13, Néiﬁ_?-MG; Lassmann H

et at (1997) ®eripheralonervous system (PNS)eMAG s thoyghy tojinteract eurggal 57 |

210-217; Vi 0 : : U

(1995)  Neur on re@Pidlts) et nefiaps EHed 6 irktnauthal cHREdeGA hang . 2. @

tygi cal | Iy CﬁmﬂEUﬁﬂthﬂl}hmﬂaﬁmaﬂd inhlbtt:m(:qfelgbdte aurgrowth Ut piiode bonds
. miament . e .

Chai n by ouATPUE st MAE RS heel ot b SR CRREE tfonfiic' Y,

domai n f olyhoved akdhafspraliey followsRjuRPiwdes R348, WOR/0185ZBad chai n has a

vari abl e domai n at one engd and a“constant domain at Its other end. The

light chai n WOIZBBE0N Sheserclalms are polsupppited bné? vy dae: Sudbermaredhe: he
const ant ol P9t MFcss ALAVIPEREF nthel aRRAE AanTLTRIOM I8 ot

he ?yy c hail_ﬂs proven @l @g et aVQDM?MM&BGDy?ﬂ}?E@;Mr:tgg,t Det amngaahwgumnf
the Janti gon B8narngde Lassmana H sf AP GHA 18, BT EREE Resl ., o
chai ns hayg oﬁ’rﬁ RaE, Qﬁ.”gflﬁj 191 VROt &Y &t éﬁ%)%%u%@i& £95531 9635 Bartsch

f ramewor k of regr ohs, ose sequerices ‘are rel atively conserved,

connect ed by Urat@b(1895) depramtBavs138Ldd ¥ eh ali(RePE) A0 HERs) of ten
2dopt & bet a- shestARIRPES Ruiealy BirbiSe pid ep@HpaiisFRAB Ak | ' 20,
sonme cases f pdi@ihlgﬁideﬁroh?@‘énd e ll(ig!liltectha'gnsh &ath ggm‘;”? Jlnlfétbto@;tupacmﬁhel '?hl n
Gonat i cont r MAYEEID o dSHIEHIRR 0B, cFach heavy chaln has af Sne €hd a varlabie"® 1 ¢!
20 domaln followed by a number of constant domains. Each light chaln has a
variable domain at one end and a constant domain at Its other end. The light
chain variable domain Is aligned with the variable domaln of the heavy chain.
The light chain constant domain [s aligned with the first constant domain of the
heavy chain. The constant domalns in the light and heavy chains are not
25 involved directly in binding the antibody to antigen.
The variable domains of each palr of light and heavy chains form the
antigen binding site. The variable domains on the light and heavy chains have
the same general structure and each domain comprises a framework of four
regions, whose sequences are relatively conserved, connected by three
30 complementarity determining reglons (CDRs) often referred to as hypervariable
reglons. The four framework reglons largely adopt a beta-sheet conformation
and the CDRs form loops connecting, and in some cases forming part of, the
beta-sheet structure. The CDRs are held in close proximity by the framework
regions and, with the CDRs from the other domaln, contribute to the formation of
35 the antigen binding site. CDRs and framework regions of antibodies may be
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35 the antigen binding site. CDRs and franmework regi osFebruanyi200# es may
be -3 6 February 2007 5 determ ned by reference to Kabat et ("Sequences of
proteins of Imunological interest” US Dept. of Health and Hunman Servi ces,
US Governnent Printing Ofice, 1987). It has now been found that an
anti - MAG nonocl onal anti body, described (Poitorak et al (1987) Journal

of Ce/ | B/ ol ogy 105, 1893-1899, DeBeilard et al 10 (1996) Mol . Cell. Neuroscr,
7, 89-101; Tang et at (1997) Mol. Cell Neurosd. 9, 333-346; Torigoe K and
Lundborg G (1997) Exp. Neurol ogy 150, 254-262) and conmercially available
(MAB1567 ( Ghendleterhipedibe mefarbricaits Kabatdtal ("Sequatices of proteihdbOiniridiigidal or

I ntravenously fol | Qw foc cerebral ischaema in the rat (a nodel of
stroke), provi 'h%&%&ggﬁpﬁt%ﬁqaﬁh and Humansendses, Hcepvaramen gyOffige;
Therefore antit9gxg anti bodi es provide potential therapeutic agents for both’
acute neuroprotection as well as the pronotion of functional recovery

fol | owing stroke. lriassnow beepfppnddhat an antiMAGmoOnaitnal antibodyodesaribéche ,
ti bodi . ; . e
her apeut ¢ napoerefBe aFQGerP LA Tl iR Rol, 188k odY, epelard®tBh: i cat i on
ihs in par t10|d:1<£19flﬂﬁ)tlﬂd. cﬁfamczo,sgmm; $&ﬁgﬁéﬁélr(1997)rﬁ[m/% E@/f,m@?j&lgngl s toT
UMRNS usua its hungn immune re ses agai ns ese nol ecul es. To
over cone t hes?‘gsﬁf f@ﬁ'%%”ﬁ&@g iLPE&!ﬂ"%G @Bﬁ%e@(ﬂ 4‘290@/%159@%mml s
"al tered" ant icbmghierdaties @Efrﬁdo@ | | i
hgvee[:)gen ggvel 0 eeggaand g?gﬁ%ﬁﬁmeg?g{) I she ))i n th%&@&%&ggaﬁwl SS
humani sed ant F’E%E?e PR ar Wravenquslyfeliawing focabicarelnal ischegpndd in thgirab@
"CDR S" f ol 1Ol | th t gf th
Structure s JoaelerCbial, dibiddedrioBBE bid efharces sirkpndl redovery.
neur odegeb®er aThenefore datitNAG antirodiesprovtie poratial tHerRBERS AgEntOF@ ot | nc! udi ng

acut e di sease uch as stroke, traumatic brain injury and spinal cord
injury as wel $CL§§ n@“’PBFF?St s @5 wed as fhe Bmmﬁiom@rém@énahrem\@e\awmm

i Sohe. e Sl e b0y B A RO Bes B oo
therefore wa@%buwea&ﬂiagmsﬁnagentemmnmas b ltherapeliticdesdeed ipsovetdns, by
e PO fel REs! I milfAl e Sipedton ds W b HUSTS ead rpasieg’ ' sorders
20  administration of murine monodonals to humans usually elicits human immune
responses against these molecules. To overcome these intrinsic undesireable
properties of murine monoclonals “altered” antibodies designed to Incorporate
regions of human antibodles have been developed and are well established in the
art. For example, a2 humanised antibody contains complementarity determining
25  regions ("CDR’s") of non human origin and the majority of the rest of the
structure is derlved from a human antibody.
The process of neurodegeneration underiies many neurological
diseases/disorders including acute diseases such as stroke, traumatic brain injury
and spinal cord injury as well as chronic diseases including Alzheimer's disease,
30 fronto-temporal dementias (taucpathies), peripheral neuropathy, Parkinson’s
disease, Huntington's disease and multipie sclerosis. Anti-MAG mabs therefore
may be useful in the treatment of these diseases/disorders, by both ameliorating

the cell death associated with these diseases/disorders and promoting functional
recovery.




recovery. 35 -4 6 February 2007 5 Al publications, é@Febryay 2007 and
patent, disclosed in this present specification are expressly and entirely
i ncorporated herein by reference. Brief Summary of the Invention The

i nvention provides an altered anti body or functional fragnent thereof which
10 binds to and neutralises MAG and conprises one or nore of the follow ng
CDR's. The CDR' s are identified as described by Kabat (Kabat et al. (1991)
Sequences of proteins of inmunological interest; Fifth Edition; US
Departnment of Health and Human Services; N H publication No 91-3242. CDRs

pref erabl y5 are as quumgﬁonb’ybdﬁnwnamndfpatémV\dMOsdddnmlnlsmmq@nés of protein
structure and folding as defined 15 b%/ Chot hi a %pg E_ls Eﬁ@ g&é’n a et al.
(1989) Conf or sRecfigHIDNAre @xRIRISh PBE Gniltely IRGHRPERLPS A8E 59 Nat ure 342,
p877-883) it will be appreciated that additional residues may al so be
considered to be part of the antigen binding region and are thus

enconpassed mﬂeh_sump_amp_mﬂmgmn 20 Light chain CDRs CDR According to
5% iSSR0
HL NYGWN J(OSECBME drid rwatraﬁéesHZAG\bhEr DEpitesipRFFenorsagtEaItlionng CRR'S5) H3
NPENYE NYEGWI\éD(\:{Drs § Er%J El’t\alrc}:t'izﬂeldDas d'\écs)trit?gd beSKébSat?Kgl?a? et %ng‘fﬁ 7Sequenr:es of

proteins of immunological interest; Fifth Edition; US Department of Health and

Human Services; NIH publication No 91-3242, CDRs preferably are as defined

by Kabat but following the principles of protein structure and folding as defined

15 by Chothia and Lesk, (Chothia et al., (1989) Conformations of immunoglobutin

hypervariable regions; Nature 342, p877-883) it will be appreciated that

additional residues may also be considered to be part of the antigen binding

region and are thus encompassed by the present Invention.

20 Light chain CDRs

CDR According to Kabat

L1 KSSHSVLYSSNQKNYLA (SEQUENCE ID NO: 1)

L2 WASTRES (SEQUENCE ID NO: 2)

L3 HQYLSSLT (SEQUENCE ID NO:3})

Heavy chain CDRs

CDR According to Kabat

H1 NYGMN (SEQUENCE ID NO: 4)

H2 WINTYTGEPTYADDFTG (SEQUENCE ID
NO: 5)

H3 NPINYYGINYEGYVMDY (SEQUENCE ID
NO: 6)

25



5 The present invention also relates to an anti body ¢w&lrddrp@®OO?0 the sane
epi tope as an anti body having the CDRs descri bed above. Conpetitive
inhibition assays are used for mapping of the epitopes on an antigen. Thus
there Is also provided an anti-MAG antibody (altered or unaltered) which
conpetitvely inhibits the binding of the altered antibody having the CDRs
descri bed supra to MAG 10 preferably human MAG In a further aspect, the
present invention provides an altered anti body or functional fragnent

t her eof which conprises a heavy chain variable domain which conprises one
or nore CDR s sel etheprebemtrim@niRbh alsoPEbEsa0 dn@pRbody whith@inds thithesamBai n

vari abl e domaj ich conpri,ses one or_pore elected 15 from CDRL1,
CDRI 2 and CDRE@F‘%%PP& 5 Rhor Havige {REORs S%Cg&ﬁ above: Cempetitive inbibition

anti body or f gs¥ais sraalsedf EREBHI , ' ' ; chai n-
vari abl)é domai n E:'VH) Vs\:ﬁi g?\ c\% ;r]?tgggrl Hngg%gﬁgg%m%iﬁ%ge %n@ CDRH3,

20 and /or b)PRVidedan al=MAG aatbedy (alteresor ninglerediuvhich competitvelysinhibits
sequence CDRixd, t.he.lnventi provi des'
a phar rraceuticglbico%é@?@%&%@p@%bﬁgﬁ%ﬁﬁﬁg g%scgﬁ?‘?%qgmody of

t he preseli iprefanablyhumanfMAGti onal 25 fragment thereof together with a
phar maceutical |y table dlluent or carrier. In a further aspect, the
present |nventi on?ﬁﬁﬁﬁ samﬁﬁwtﬁ'ﬂ‘@ﬁ'ﬂﬁﬂﬂow@s aoy tared antiiodyrorst r oke
and ot her neduntﬁmbbﬁégrﬁéﬁﬁtﬁéfé‘éf%k? CBH%W}‘%W&?W&@%E - @i stering

of an i -

to said human i‘&: need thereof an effective anount ant ant i body
of the i nventWRIEh ERMPriRes ONe 95 IMare LPRSselected-froni CDRML, IGDRHbatCDREBect , t he

FUncti onal " f RaH® s IgHE cHat vatiaBIE (BREh i AP RS one Sramp it st ©
t r eat nentlSor frono EORLEXCBRLG argt CORK3.and ot her neurol ogi cal diseases. In a
provides a nethod of inhibiting 35

further aspect, Ufﬁ E_Ir es&ntdﬁ&l\éent i o
neur odegener at i on' AnEVERUQN I REPvides @niafgeed antt¥a6antibadyontunstionght i ent
-6 fragment thereof which comprises:

a) a heavy chain variable domain (Vi) which comprises in sequence

CDRH1, CDRH2 and CDRH3,
20 and for
b)  alight chain variable domaln (Vi ) which comprises in seguence
CDRL1, CDRL.2 and CDRL3

A further aspect of the invention provides a pharmaceutical composition
comprising an altered anti-MAG antibody of the present invention or functional

25 fragment thereof together with a pharmaceutically acceptable diluent or carrier.

In a further aspect, the present Invention provides a method of treatment
or prophylaxis of stroke and other neurological diseases in a human which
comprises administering to sald human In need thereof an effective amount of an
anti-MAG antibody of the invention or functional fragments thereof.

30 In another aspect, the invention provides the use of an ant-MAG antibody
of the invention or a functional fragment thereof in the preparation of a
medicament for treatment or prophylaxis of stroke and other neurological
diseases.

In a further aspect, the present invention provides a method of inhibiting
35 neurodegeneration and/or promoting functional recovery in a human patient

-6-



6 February 2007 5 afflicted with, or at risk of develgopébharg ZU0OKe or

ot her neurol ogi cal di sease which conprises adm nistering to sald human In
need thereof an effective anount of an anti-MAG anti body of the Invention
or a functional fragment thereof. In a'yet further aspect, the invention
provi des the use of an anti-MAG 10 anti body of the Invention or a
functional fragnment thereof in the preparation of a nedicanent for

i nhi biting neurodegeneration and/ or pronoting functional recovery in a
human patient afflicted with, or at risk of devel oping, a stroke and other

neurol ogi ca dafarasewitidret rigk Bedéveloping, actiake ag otherinetifologicat isease nvent i on
are described 15 further in the detailed descriptian ar}d t referred
Beq thereohan

enbodi ment s t Hhigh compisssadngistering fo 63id NHMgDTR §es ¥hce of a
mouse/ hurman Crﬁlﬂ@ﬁﬂt%{%ﬂtahﬁ% ﬁﬁﬁﬁ&?ﬁfﬂ?@ﬁﬁﬁmﬁh@* AfuncBEndl Fralyfhent7) . 20
e of “a mousel human c

Figure 2: Sequenc imeric anti - MAG anti body light chain
(Seq I D No. 28herdef.gure 3: Sequence of a nmouse/ human chineric anti-MAG

anti body heavy chain | D I 4. | | 1) ant i body
binds to rat MAG %a#g@qﬂ‘%a%ﬁ%ﬁt?%ﬂégﬁwﬁme nti é%)s/fg’géh%m Fi gure
6: Humani 9@d atibod(P6F e timeptios or bifgrttionalr feagnidiE théneglindhe preparatiorsefc
anti-MAG anti bodies bind to rat MAG  Fi lg‘Jur 8: cpumani set%‘)Q ti: I\'(lﬁg
anti bodi es bi fBedigargntder albiting;neyredege Q@ﬁ%?ﬁ‘ PHRTEQ 4P use and
humani sed ant i : ' Pglgﬁ MG PHid HBS6H davklopihg?b stidke by ent i on
35 -7 6 February 0@% @m&?\'? - aAntl o] @'kl)'ﬁgt al teredbggt iggody of the
i nvention is mtedéranenibdlggical diseasd.onal anti body

Other aspects and advantages of the present invention are described

15  further in the detailed description and the preferred embodiments thereof.

Description of the Figures
Figure 1: Sequence of a mouse/human chimeric anti-MAG antibody heavy
chain (Seq ID No. 27).
20 Figure 2: Sequence of a mousefhuman chimeric anti-MAG antibody light
chain (Seq ID No. 28).
Figure 3: Sequence of a mouse/human chimeric anti-MAG antibody heavy
chain (Seq ID No. 29).
Figure 4: Chimeric anti-MAG antibody binds to rat MAG
25 Figure 5 Humanised anti-MAG antibody sequences
Figure 6: Humanised anti-MAG antibodies bind to rat MAG
Figure 7: Humanised anti-MAG antibodies bind to rat MAG
Figure 8: Humanised anti-MAG antibodies bind to human MAG
Figure 9: Competition ELISA with mouse and humanised anti-MAG
30 antibodies MAG

Detai Description of ntion

35



(mAb) and is preferably chinmeric, humani sed or reshapgdfekuarp@o®hunani sed
Is particularly preferred. The altered anti body preferably has the
structure of a natural antibody or 10 fragnent thereof. The anti body may
therefore conprise a conplete antibody, a (Fabl)2 fragnment, a Fab
fragnent, a light chain diner or a heavy chain dinmer. The anti body may be
an 1gG, 1g&, 1gG3, or 1g&4; or IgM IgA IgE or IgDhor a nodified

vari ant thereof. The constant donmain of the antibody heavy chain nmay be
sel ected accordingly. The light chain constant domain may be a kappa or 15
| anbda con$t afinticldAGiARtibédy t hernore, the anti body may conprise

Fo receptors or mihe A@raY el ie Bretions PR moRoctal aRBREH, oy
may also be femﬂb)aﬁmscmeféramp@mnﬁnc mnémm @mgﬁadee;iof theX® Rom@als&diswhi ch -

conprises an antlgen bi ndi ng regi on and a non- I munogl obul i n regi on. The
antigen bi ndi Pgrtiey ﬂ&@ﬂ@ﬁ"ﬁd an antibody |ight chain variable domain or
heavy chain varia

conprises both |ight e %29%. nré%érl agﬁ%ns q*FﬁHWD%Y or

non- | munagl ofmgm&nt H‘@r@f ﬂ%lefanltlbdd}amay ﬂseréfct'ecmmpllhe a oomplete antibody,na

bi ndi ng regio on | n'n]; obulin i cal | no

i munog! obul | EFr? Ny Ry %&ag ‘inaéége Q?n??ﬁh?' %Fﬁ?'@lﬁ“ﬁ%w ng
known 25 bi nd*rﬁgaﬁmﬂfdyfmsy bé!anibsmg@zr BO%FI LN IGME Y88 TQE of BgDeF hC
anti body may be connected via a cl gavabl e er seguence | mmuhoadhesi ns

havi ng t he CDRediied vadart theegof ahaéemﬁtamm@o&ﬂw hﬁ@\&‘t@@lﬁ MaY he

Punetfonal | 7% SacrPRaocitRbRE TH PPt ol EAi PR Plae &5, 1

t hrough bisdi laghbda constahiedemabin. 30Fatiskmora)ithé anWbdartma\PmﬁMant i body
on- oyt ot of oxTeaPEakars e ol dassingo 116 wiliers.FemitpEtathas o opes DB Febod s
rof erabl e to RSHDR a*‘h“-‘“‘b%n%‘ﬁa W%&L“ﬁﬁ‘b"?ﬁ%ef q‘s’ﬁs‘gg‘s@mﬁ? alsgor®
modi fi cati onsbed @hm’mranugddy of Wd&tﬁbedzimwmmmﬂfwm comprisea@ude at
2o e R R Rk 878 AP ond i e Bob B8F
i nventior20 region is an antibody light chain variable domain or heavy chain variable domain.
Typically the antigen binding region comprises both light and heavy chain
variable domains. The non-immunoglobulin region is fused at its C terminus to
the antigen binding region. The non-immunoglobulin region Is typically a non-
- immunoglobullin protein and may be an enzyme, a toxin or protein having known
25  binding spedificity. The two regions of this type of chimeric antibody may be
connected via a cleavable linker sequence. Immunoadhesins having the CDRS as
hereinbefore described are also contemplated in the present invention.
The constant region is selected according to the functionality required.
Normally an IgG1 will demonstrate lytic ability through binding to complement
30 and/or will mediate ADCC (antibody dependent cell cytotoxicity). An IgG4 will be
preferred if an non-cytototoxic blocking antibody is required. However, IgG4
antibodies can demonstrate instability in production and therefore is may be
more preferable to modify the generally more stable 1gG1. Suggested
modifications are described in EPO307434 preferred modifications include at



In a preferred aspect the altered antibody is | ass | gFebhtuary @@ Er abl y
lgGL. 10 In preferred forns therefore the antibody of the Invention Is a
full length non-lytic 1gGlL anti body having the C DRs described supra. In
nost preferred fornms we provide a full length non-lytic 1gG antibody
having the CDRs of SEQI.D.NG 13 and 16 and a full length non-lytic 1gGlL
anti body having the CDRs 15 of SEQI.D.NO 15 and 18. In a further aspect,
the invention provi des pol ynudeoti des encoding CDRHl, CDRH2, CDRH3, CDRL1,
CDRL2 and CDRL3. Pref erred 20 polynucl eoti de sequences are L| ght chai n

(SEQUENCE ID NO 7) L2 . GA (SEQJENCE | DS NO 8) L3
CACCAGTACCTGA@'IR@@'F@K@@?& @tq %e%’ ¥ eavy chain CDRs 25 CDR H1
AACTACGGCATGAAC (SEQUENCE I D NO. 10) -9 6 February 2007 F H3H2

TGGATCAACACCTACACCGGCGAGCCCACCTAC GCCGACGACTT%CCGGC éSE EN NO 11)
AACCCCATCAACTACTAduaaretenmdzseerdhe attered & éE&é&?ﬁ% NO. 12)
IgG1.
10

In preferred forms therefore the antibody of the invention Is a full length
nondytic IgG1 antibody having the CDRs described supra. In most preferred
forms we provide a full length non-lytic IgG1 antibody having the CDRs of
SEQ.I.D.NO:13 and 16 and a full length non-lytic IgG1 antibody having the CDRs

15 of SEQ.I.D.NO: 15 and 18.

In a further aspect, the invention provides polynudiectides encoding
CDRH1, CDRH2, CDRH3, CDRL1, CDRL2 and CDRL3. Preferred

20 polynucleotide sequences are

Light chain CDRs
CDR
L1 AAGAGCAGCCACAGCGTGCTGTACAGCAGCAA
CCAGAAGAACTACCTGGCC
(SEQUENCE ID NO: 7)
12 TGGGCCAGCACCCGCGAGAGC (SEQUENCE IDS NO:
8) '
L3 CACCAGTACCTGAGCAGCCTGACC (SEQUENCE
ID NO: 9)
Heavy chain CDRs
25
CDR
H1 AACTACGGCATGAAC (SEQUENCE ID NO: 10)

-9-



5 1n a further aspect of the Invention, there |Is provigipgn |lagoie! eoti de
%‘ég antib

encoding a light chain variable region of an altered anti - ody
including at |east one CDR selected from CDRL1, CDRL2 and CDRL3, nore
preferably including all 3 CDRs in sequence. 10 In a further aspect of the
I nvention, there Is provided a pol ynudeoti de encoding a heavy chain

vari able region of an altered anti-MAG anti body including at |east one
CDR sel ected from CORHL. CDRH2 and CDRH3, nore preferably including all 3
CDRs in sequence._ln a particularly preferred aspect, the anti-NAG 15
anti body of theHzwention | TGEATOAACARCTACACOGGCGAGEECAQUEACI pn t herefore
further providgs a humani s¢GCOGBACBNGTDCACOBGTC onal fragnent thereof that
binds to and neutralises PWMSHQMENEEqmﬁmnjsgﬁ a heavy chaln varli abl e region

conpri si ng one po—the—Fe--pwing—amno
OVQLVOSGSEL KKPERBVKVSCKASG CAACTACGAG

NTYTGEPTYADDFT{RFVFSLDTSVSTAg £
YYG NYEGYVMDYWBQGTLVTVSS (SEQ | DW%E&% Quence 1o

QVQLVQSGSEL KKPEASVKVSCKASGYNOTIRE VWAWVRQAPGQGL EWWVGW
NTYTGEPTYARDFT

WI:QI—SSH@&EB‘FMFGARNP.
BY/SL\%E%\E/L KKPGASVIIR'/gé&%SG Fh etl‘ ?\W&{ﬁ@g@mww a polynucleotide
WWGEPTYADDFWWBW@W \aiabR- KAl d¥ T 1olaﬁﬁ-Mﬁg3 antibod\égbdudlq_? A

YYG NYEGYVI dD VTVSS (sequence I'D No 15) - ruar
further aspectit fre CRReelectsd from GORLE, G CaRh%mmsxefeaahly body or
functional fr ﬁ% 9 nds to MAG which conprises the heavy

chain vari abl e regqi nmof eduen e No 13, 14 or 15 together with a |ight
chai n varil@ibl e regima farthrraspect@f dind mveation; tiwerg lemovikied Sesphgncieotide No 16,

17, 18, or 1g'encoding a heavy chain variable region of an altered anti-MAG antibody
including at least one CDR selected from CDRHl, CDRH2 and
CDRH3, more preferably including all 3 CDRs in sequence.
In a particularly preferred aspect, the anti-MAG
15 antibody of the invention is a humanised antibody.

The invention therefore further provides a humanised antibody or
functional fragment thereof that binds to and neutralises MAG which comprises a
heavy chain variable reglon comprising one of the following amino acid
20 sequences:-

QVQLVQSGSELKKPGASVKVSCKASGYTFTNYGMNWVRQAPGQGLEWMGEE
NI YTGEPTYADDFTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCARNPIN
YYGINYEGYVMDYWGQGTLVTVSS (SEQ ID No 13).

25 __
QVOLVOSGSELKKPGASVKVSCKASGYTFTNYGMNWVROAPGOGLEWMGWI
NTYTGEPTYADDFTGRFVFSLDTSVSTAYLOISSLKAEDTAVYFCARNPIN
YYGINYEGYVMDYWGOGTLVTVSS (Sequence ID No 14)

30 QVQOLVQSGSELKKPGASVKVSCKASGYTFTNYGMNWVRQAPGOGLEWMGWT

NTYTGEPTYADDFTGRFVFSLDTSVSTAYLOISSLKAEDTATYFCARNPIN
YYGINYEGYVMDYWGQGTLVTVSS (sequence ID No 15)

-10-



10 DI VMIQSPDSLAVSLGERATI NCKSSHSVL YSSNQKNYLAW QQKPGQPRKFebruary 2007

LLI YWASTRESGVPDRFSGSGSGTDFTLTI SSLQAEDVAVYYCHQYLSSLT ~FGQGTKLEI KRTV (SEQ I D
No 16) 15 DI VMIQSPDSLAVSLGERATI NCKSSHSVLYSSNOQKNYLAWYQOKPGOPPK  LL

| YWASTRESGVPDRFSGSGSGTDFTLTI | NLQAEDVAVYYCH YLSSLT FGQGTKLEI KRTV (SEQ | D No
17) 20 DI VMIQSPDSLAVSLGERATI NCKSSHSVL YSSNQKNYL AW QQKPGQPPK

LLI YWASTRESGVPDRFSGSGSGTDFTLTI SSLHTEDVAVYYCHQYLSSLT FGQGTKLEI KRTV (SEQ I D
No 18) 25 DI VMIQSPDSLAVSLGERATI NCKSSHSVLYSSNOKNYL AW QOKPGQPPK

LLI YWASTRESGVPDRFSGSGSGTDFTLTI | NLHTEDVAVYYCH YLSSLT FGQGTKLEI KRTV ( SEQ | D
No 19) 30 Pn a furimefurdigraspediof the invertinptherais provided @ humenised provi ded a

humani sed ant,| t SILNEL | i rising
SEQ 1D Nots. | Pl (i HRCHoRa faae kP WAICH Hifle 18 s I RATERngBETEH
ggavi/ 7c h(ilig n BBagnchain Varigble :dg&inmﬁ&qhaide?[ﬂf Mag3ert cr)]lCIBrtUgf éﬂ‘;ﬂﬁ @\Iitﬁlr_ﬂiglﬁl No ]

: : or and a constant part or fr nt thereof o upan | i ght
chain. Ina prgﬁ? P’a'gabo{%%%?" Feap %3939%9%569%316$0rﬁe °
preferably 1¢®%l18,491Bseferred anti bodies of the invention conprise: -11 6

February 2007 5 Heavy chain variable region conprising Seq ID No 13 and
| i ght chat vari abl e region conprising Seq I D No 16;

DIVMTQSPDSLAVSLGERATINCKSSHSVLYSSNQRNYLAWYQQKPGQPPK
LLIYWASTRESGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCHOYLSSLT
FGQGTKLEIKRTV (SEQ ID No 16)

15

DIVMTQSPDSLAVSLGERATINCKSSHSVLYSSNQKNYLAWYQQKPGQPPK
LLIYWASTRESGVPDRFSGSGSGTDFTLT IINLQAEDVAVYYCHQYLSSLT
FGOGTKLEIKRTV (SEQ ID No 17)

20

DIVMTQSPDSLAVSLGERATINCKS SHSVLYSSNORKNYLAWYQQKPGQPPK
LLIYWASTRESGVPDRFSGSGSGTDFTLTISSLHTEDVAVYYCHQYLSSLT

FGOGTKLEIKRTV (SEQ ID No 18)

25

DIVMTQSPDSLAVSLGERATINCKSSHSVLYSSNQRNYLAWYQQKPGOPPK
LLIYWASTRESGVPDRFSGSGSGTDFTLTIINLHTEDVAVYYCHQYLSSI-'I‘
FGOGTKLEIKRTV (SEQ ID No 19)

30
In a further aspect of the present invention there is provided a humanised

antibody comprising:
a heavy chain variable fragment comprising SEQ ID No13, 14 or 15
and a constant part or fragment thereof of a human heavy chain

35 and
a light chain variable fragment comprising SEQ ID No 16, 17, 18 or 19 and
a constant part or fragment thereof of a human light chain.
Ina preferred aspect the humanised antibody Is class 1gG more preferably

1gGl1.

Preferred antibodies of the invention comprise:
-11-




Heavy chain variable region conprising Seq |D No 13 &Febhwiry 2000 n

vari abl e region conprising Seq ID No 17; Heavy chain vari abl e region
conprising Seq ID No 13 and light chain 10 variable region conprising Seq
I D No 18; Heavy chain variable region conprising Seq ID No 13 and |i ght
chain variable region conprising Seq ID No 19. Heavy chain variable region
Sconmprising eq ID No 14 and light chain variable region conprising Seq ID
No 16; 15 Heavy chain variable region conprising Seq ID No 14 and |i ght
chain variable region conprising Seq ID No 17; Heavy chain variabl e region
conprisi n§ Seq | DHEavylghaim yariabighregismedomprising Sea 1B Ne d3@nddighpehadn ng Seq |1 D

No 18; Heavy chai ' . ' | SLRE. Seq I D No 14 and |light chain
20 vari abl e regi oga%@%fﬁﬁéﬁﬁmg?@dl@bngavy chain variabl e region
Sconpri si ng eth DvaylﬁaglﬂdaridWIfeg{dnaiompmmgiml ® N@gBanddlghm%Halm n% Seﬂ | D’
No 16; Heavy chain_yariabl e regi conpri si Seq ID No 15 an i ght chain
vari abl e regi on cﬁﬂﬂﬂ"sﬁg@%ﬁn@qﬂcﬁ%ﬂﬂp li@gﬁfeavy chain variable region
conprising Seq | ' | il : a4 Ng Seq I D
Q-Ié@vyléaag’f‘%ﬂa'b E)H%mlpﬁﬁilﬂﬁ gs%gelﬁ r}l«%@?’ Qﬁd(ii&l'iaﬂ%ﬂn aﬁ

No 18; Heavy chain vari e region conpris q No 15 ght chain
vari abl e1lfegi on cvafiablestegipnSmprising®GeqdD MO18n a further aspect, the

compri si g Sequendgh ST ElebielRoB EoaNSnh En JRI® 3 SRA UL PRIT S TogOne”
conpri sing Sequenaiable megiohtonipfisingSeqID N®19.Pr ef erred pol ynucl eoti de
ggggegcaaggg;\ng t he %m no ,ag ggi&?ce iE& é&;@ﬁﬁ NO 1% Ihst ch%lzn 6 February
AACT GOGT CORACACCO S SR iy TGGATC
15 Heavy chain variable region comprising Seq ID No 14 and light chain
variable region comptrising Seq ID No 17;
Heavy chain variable region comprising Seq ID No 14 and light chain
variable region comprising Seq ID No 18;
Heavy chain variable reglon comprising Seq ID No 14 and light chain
20 variable region comprising Seq ID No 19,
Heavy chain variable region Scomprising eq ID No 15 and light chain
variable region comprising Seq ID No 16;
Heavy chain variable region comprising Seq ID No 15 and light chain
variable region comprising Seq ID No 17;
25 Heavy chain variable region comprising Seq ID No 15 and light chain
variable region comprising Seq ID No 18;
Heavy chain variable region comprising Seg ID No 15 and light chain
variable region comprising Seq ID No 19.

30 In a further aspect, the invention provides polynucleotides encoding the
heavy chain variable region comprising Sequence ID Nos 13, 14 and 15 and light
chain variable regions comprising Sequence ID No 16, 17, 18 and 19.

- Ergfe;red polynucleotide Sequence encoding the amino add Sequence SEQ ID
13 is

-12 -




AACACCTACACCGGCGAGCCCACCTACGCCGACGACTTCACCGECCCGTTT 6 February 2007
GTCTTCTCCTTGGACACCT CTGTCAGCACGGCATATCTGCAGATCAGCACGC 10

CTAAAGGCT GAGGACACTGCCGTGTATTACT GTGCGAGAAACCCCATCAAC
TACTACGGCATCAACTACGAGGEGCTACGT GATGGACTACTGGGGECCAGEEC  ACACTAGTCACAGTCTCCTCA
(SEQ ID No 20) 15 Preferred pol ynucl eotl de sequence encodi ng the am no add
Sequence ID No 14 is: CAGGTIGCAGCTGGTGCAATCTGGGTCTGAGT TGAAGAAGCCTGGGEGECCTCA
GTGAAGGT TTCCTGCAAGGCTTCTGGATACACCTTCACTAACTACGCCATG

AACT GGGT GCGACAGGCCCCT GGACAAGGCCTTGAGT GGATGGGATGGATC 20

AACACCT AC@CGWTW@GWGMGCCTGGGGCCTCA

GTCTTCTOCT T AP AT S TPRPATARCOBE CACTAACTACGECATG
CTAAAGCTCA CHELE LA HRHA GTGGATGGGATGGATC
TACTACGGCAT i{,r/-\-E g(?T > c AEEeT s f CCTCA
(SEQ ID No 21 add
Sequence | D NGTLTTGBCCER CA

GTGAAGGTTI@CTW@WEMM@@R@GGP@MCCC@TCMC
AACT GGGT GCGACAIEGEE A QGTWCTACTGGGGCCAGGGC
AACACCTACA! = : ,
GTCTTCTCCTT
CTAAAGGCT GAGGACACT GCCACCTATTTCT GTGCGAGAAACCCCATCAAC
TACTACGGCATCAACTACGAGGGCTACGTGATGGACTACTGGGGCCA%C E@E%’H

R} pgpeasIO N Ade

ACACTAGT ChAGTETeeErqpolysEisotide sequere ppeading the
encodi ng the am no add Sequence ID No 16 is:

GACATCGTGATGA GTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAG
: NOICATFCCECT A TSAECTEBABGAAGCCTGGGGCCTCA
CAGAAGAACTACC@W MBI AEEACARIACAT NG CACTAACTACGGCATG
AACTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGATGGATC
20 AACACCTACACCGGCGAGCCCACCTACGCCGACGACTTCACCEGCCAGTTT
GTCTTCTCCTTGGACACCT CTGT CAGCACGGCATATCTGCAGATCAGCAGC
CTAAAGGCTGAGGACACTGCCGTGTATTTCTGTGCGAGAAACCCCATCAAC
TACTACGGCATCAACTACGAGGGCTACGTGATGGACTACTGGGGCCAGGGC
ACACTAGTCACAGTCTCCTCA (SEQ ID No 21)

25

Preferred polynucleotide sequence encoding the amino acld Sequence ID No 15
is: |
CAGGTGCAGCTGGTGCAATCTGGGTCTGACGTTGAAGAAGCCTGGGECCTCA
GTGAAGGTTTCCTGCAAGGCTTCTGGATACACCTTCACTAACTACGGCATG
30 AACTGEGTGCGACAGGCCCCTGGACAAGCGCTTGAGTGGATGGGATGGATC
AACACCTACACCGECGAGCCCACCTACGCCGACGACTTCACCGGCCGGTTT
GTCTTCTCCTTGGACACCTCTGTCAGCACGGCATATCTGCAGATCAGCAGC
CTAAAGGCTGAGGACACTGCCACCTATTTCTGTGCGAGAAACCCCATCAAC
TACTACGGCATCAACTACGAGGGCTACGTCATGGACTACTGGGGCCAGGGC
35 ACACTAGTCACAGTCTCCTCA (SEQ ID No 22)

Preferred polynucieotide sequence encoding the amino acid Sequence ID No 16
is:

GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAG
AGGGCCACCATCAACTGCAAGAGCAGCCACAGCCTGCTGTACAGCAGCAAC
CAGAAGAACTACCTGGCCTGGTACCAGCAGAAACCAGGACAGCCTCCTARG
CTGCTCATTTACTGGGCATCTACCCEGEGAATCCGGGGTCCCTGACCGATTC
45 AGTGECAGCEGGTCTCEGACAGATTTCACTCTCACCATCAGCAGCCTGCAG

-13-




CTGCTCATTTACTGGGCATCTACCCGCGAATCCGEEGTCCCTGACCGATTC 4% February 2007
AGT GGCAGCGGGT CTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAG  -13 6 February 2007 5
GCTGAAGATGTGGCAGT TTATTACTGT CACCAGTACCTGAGCAGCCTGACC
TTTGGCCAGGGGACCAAGCTGGAGATCAAACGTACGGTG (SEQ ID No 23) 10 Preferred
pol ynucl eoti de sequence encoding SEQ ID No 17 Is:
GACATCGT GATGACCCAGT CTCCAGACTCCCTGCECTGTGTCTCTGGGCGAG
AGGGCCACCATCAACT GCAAGAGCAGCCACAGCGT GCTGTACAGCAGCAAC
CAGAAGAACTACCT GGCCT GGT ACCAGCAGAAACCAGGACAGCCT CCTAAG 15
3PA CCOAGCETACTE BERCENGTACCTGAGCAGCCTGACC

AGT GGCAGCGEGT GHEpEABAATEISA AR PATCaT ID No
GCTGAAGATGT TTATTACTGTCACCA%A@@C%QH PRIGIRCCCTG (SEQ

TTTGGCCAGGEEA GCTGGAGATCAAACGTACGGTG (SEQ ID No 24) 20 Preferred

pol ynudeoti de encoding SEQ ID No 18 Is:
GACATCGT GATGACCCAGT CTCCAGACTCCCTGCECTGTGTCTCTGGECGAG 25

AGGGCCACCATICARTRIBOR RAlREACeciiR sBqiRaETEREAdINGSEQIENED 17 [s:
CAGAAGAACTACCTGECCTGGT. ACCAGCAGAAACCAGGACAGCCT CCTAAG

CTGCTCATTTACT GRRCATCTACR 67 @@@@TE@TGTGTCTCTGGGCGAG
T2 @'é‘iﬁccmmcasmcmc

R

TTTGGECCA
pol ynucl e

i de

20

Preferred polynucleotide encoding SEQ ID No 18 is:

GACATCGTGATGACCCAGTCTCCAGACTCCCTGECTGTCTCTCTGGGCGAG

25 AGGGCCACCATCAACTGCAAGAGCAGCCACAGCGTGCTGTACAGCAGCAAC
CAGAAGAACTACCTGECCTGGTACCAGCAGARACCAGGACAGCCTCCTAAG
CTGCTCATTTACTGEGCATCTACCCEEGEAATCCCCECTCCCTGACCGATTC
AGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAC
ACCGAAGATGTGGCAGTTTATTACTGTCACCAGTACCTGAGCAGCCTGACC

30 TTTGGCCAGGGGACCAAGCTCGAGATCAAACGTACGGTE (SEQ ID No
25)

35 Preferred polynucleotide encoding SEQ ID No 19 Is:
GACATCGTGATGACCCAGT CTCCAGACTCCCTCRCTGTGTCTCTGEGCGAG
AGGGCCACCATCAACTGCAAGAGCAGCCACAGCEGTECTETACAGCAGCAAC
CAGAAGAACTACCTGGCCTGGTACCAGCAGAAACCAGGACAGCCTCCTAAG
CTGCTCATTTACTGGGCATCTACCCECEAATCCGEGETCCCTGACCCGATTC

40 AGTGGCAGCGCGTCTCGGACAGATTTCACTCTCACCATCATCAACCTGCAC
ACCGAAGATGTGGCAGTTTATTACTCGTCACCAGTACCTCGAGCAGCCTGACC
TTTGGCCAGGGGACCAAGCTGGAGATCAAACGTACGGTG (SEQ ID No
26)

45 "Neutralising” refers to inhibition, either total or partial, of MAG function
including its binding to neurones and Inhibition of neurite outgrowth.

-14-




40 AGIGECAGCGGEGTCTGCGACAGATTTCACTCTCACCATCATCAACCTGCA K ebruary 2007
ACCGAAGATGTGGCAGTTTATTACTGT CACCAGTACCTGAGCAGCCTGACC
TTTGGCCAGGGGACCAAGCTGGAGATCAAACGTACGGTG (SEQ ID No  26) 45 "Neutral i sing”
refers to inhibition, either total or partial, of MAG function including
its binding to neurones and Inhibition of neurite outgromh. -14 6 February
2007 5 "Altered anti body" refers to a protein encoded by an altered

i mmunogl obul i n codi ng regi.on, which may be obtained by expression In a

sel ected host cell. Such altered anti bodi es |Include engi neered anti bodi es
(e.g., chBnmeric, reshaped, humani zed or vectored anti bodies) or antibody

fragments 10 | acki,ng all art.of. an j | ant region,
e.g., Fv, Fab, or ﬁ&%’@??ﬂ%bﬂ@’ tfﬁE@f?M%P'L"W@?W erllgg obul i n codi ng
regi on" ref erim,ﬁ@c%[db_dlﬁh %bﬁicgg%ﬁoﬁ,wuaﬂmy berohtained)by expressiointa body. \Wen
the altered antibo s a

-grafted, or umani zed ant | equences
that encode t3@e bieetht Such %tersé a@lﬂt&dﬁﬁsnﬂﬂﬁder wqragg&]e %ﬁd‘%@fﬁa
non- human i mynaglh | I Rurharisdd Sidreith€d amtifodicS) of BRELURIG frdgeiants par t ner
conpri sing humgn 'b/‘g?%l #ga‘l‘@é&r]remr k&\g’e uences. ?i onal |y, ﬁhuheo%dabfatj
i munogl otful i lackireg alher parg ob pe immiuveglobulinriopstanbregione 8hdfFV: i FakudHk lin
partner. "First immnoglobulin partner"” refers to a nucleic acid sequence
encodi ng 20 anddhedikes r amewor k or human i munogl obulin variable region In

whi ch the native vhpkreRdihtloblon@fif didd\@pidnPreferoie ucleie stidiseqaerie

repl aced by the encoding~regl ons donor anti body. The, human
vari abl e regienoding altereshantibotyin Wheolihe altieried anfibediaisa ClBR19rAfERd @hai n (or

bot h chains), an anal og.,or unctional . .f t h CDR regi ons,
| ocated wit hiWW&eaa?‘]%z?ﬁp‘é éﬁ%‘@"&?ﬁ WEgﬁﬁ@oﬁ?mﬂog obui i ns) can
be det er @We%e@%ﬂhﬂﬁwe@ﬁﬁf‘m firon 8 Gofhiumandmnsunogldbelliateinsertedinto

(Sequences of Protelns of |Imunological Interest. 4th Ed.., U S . Departnment
of Heal t h and fastimmaeeglobulin paxker mprislngmbwnﬁﬁf@@alﬁ? P'ﬁ@:‘%“{oﬁ( f%’@?#
disclose rul eg % & HrdImiddRdglobMirPsittrier Wloperatively linked to a second
immunoglobulin partner.
"First immunoglobulin partner” refers to a nucleic acid sequence encoding
20 a human framework or human immunoglobulin variable region in which the
native (or naturally-occurting) CDR-encoding reglons are replaced by the CDR-
encoding regions of a donor antibody. The human variable region can be an
immunoglobulin heavy chain, a light chain (or both chains), an analog or
functional fragments thereof. Such CDR regions, located within the variable
25  region of antibodies (immunoglobulins) can be determined by known methods in
the art. For example Kabat et al. (Sequences of Proteins of Immunological
Interest, 4th Ed., U.S. Department of Health and Human Services, National
Institutes of Health (1987)) disclose rules for locating CDRs. In addition,
computer programs are known which are useful for identifying CDR
30 regions/structures.
"Second Immunoglobulin partner” refers to another nucleotide sequence
encoding a protein or peptide to which the first immunoglobulin partner is fused
in frame or by means of an optional conventional linker sequence (i.e.,
operatively linked). Preferably it is an immunoglobulin gene. The second
35 immunoglobulin partner may include a nucleic acid sequence encoding the entire
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conput er prograns are known which are useful for i derg FebruaryCZ030

regi ons/structures. "Second | munogl obulin partner"” refers to another

nucl eoti de sequence encoding a protein or peptide to which the first

i mmunogl obulin partner is fused in frame or by neans of an optional
conventional |inker sequence (i.e., operatively linked). Preferably it is
an i nmunogl obui i n gene. The second 35 i mmunogl obulin partner may include a
nucl ei ¢ add sequence encoding the entire -15 6 February 2007 5 constant
region for the sane (i.e., honologous - the first and second altered

ant i bodi es? ar €ons&ant vegion fasthe same dim, bomelogyusr therfirstcarici secnad altered. |

het er ol ogous) 5 ulin heavy chain

or light chal n % %Y? ﬁérl\hegl n‘%‘ﬁyée %Ele'{b? E@‘#@ %ra% 4‘@%%@% ide). The

isecond | | [)ﬂT}th@E[ﬂlngOUSl) antibode of Imseresvl; Itnmg_tlm_@lan maumaﬁlmnldmlavy chain Iorb . '
mrunogl obul i n SS ,or ot ype. addi tion, the sgcon nogl obul i n

partne? may o Fﬁ@%ﬁaﬂwﬁg&h'"ﬁﬁgpﬁﬂﬂﬁagﬁﬁﬁ%PPMD%%E@)aﬁﬁeﬁgngnP sgch as

found in a Fammuroglobai Baftherds nodl mfdshsmeaw iru aﬂpwq&h%?e human

constant region or framework regi on second I N partner
may al so ]@onﬂWt!BE a%@Qﬂi@fbéh%ﬁef@dd Mgnmnoglnhuikgparmmmnse@amof exposed

orary, or &UERERdR enc%ﬁﬁg@%@& etf*n ﬁﬁuricﬁigp@f%bcﬁ F@?fﬂhif’%gﬁéif o

det ecti on, e@cretg%&qj@glﬁgrmf E @%ambgﬁ pggr%o he terns
Fv, Fc, Fd Fab, or F(ab)2 are use W|th el r Standar " (see,
e.qg., Harl owSé'Fh éecond/immmwglobylimpmrma\oaipo Kompase a aquena)enmgilngm bor
Labor ator . BB et /s Rl 0 oy S 5E R B g, 5°° oo
a chi merils, pastiufiashage didplaydibrargfoed sedueave @RcoRLOS PELLEIA foraaNticaPey

fragnent) In whlc ortion of the Ilght and/or heavy chain vari abl e
domai ns of ad Mt%@@pg&r horseradish peroxidase fi-galectofidasengicogous parts

o o or “rore. wgoRimay PO Patlitr ae@gva?eééeémgﬁémaxdé " the

sel ected epitope. For exanp I'es nay I'nclude bodi es

char act er i ze¢heayings I(Is&@@lqzeldaﬂlm@ét/alc RitBodies Adiadbekory Mdhudl) CoM'Spihd | ed
ri ght chain hor ?Téﬂﬁ%hﬁy, génchaln), ng|neered
20 As used herein, an "engineered antibody” describes a type of altered
antibody, i.e., a full-length synthetic antibody (e.g., a chimeric, reshaped or
humanized antibody as opposed to an antibody fragment) in which a portion of
the light and/or heavy chain variable domains of a selected acceptor antibody are
replaced by analogous parts from one or more donor antibodies which have
25  specificity for the selected epltope. For example, such molecules may indude
antibodies characterized by a humanized heavy chain assodiated with an
unmodified light chain (or chimeric light chain), or vice versa. Engineered
antibodies may also be characterized by alteration of the nudleic acid sequences
encoding the acceptor antibody light and/or heavy variable domain framework
30 regions in order to retain donor antibody binding specificity. These antibodies
can comprise replacement of one or more CDRs (preferably all) from the
acceptor antibody with CDRs from a donor antibody described herein.
A "chimeric antibody” refers to a type of engineered antibody which
contains a naturally-occurring variable region (light chain and heavy chains)
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anti bodi es may al so be characterized by alteration ofé Febrawt 2007add
sequences encoding the acceptor antibody |ight and/or heavy vari abl e
dormain framework 30 regions In order to retain donor antibody binding
specificity. These anti bodies can conprise replacenent of one or nore CDRs
(preferably all) fromthe acceptor antibody with CDRs from a donor

anti body described herein. A "chineric anti body" refers to a type of

engi neered anti body -which contains a naturally-occurring variable region
(l'ight chain and heavy chains) -16 6 February 2007 5 derived from a donor

antibody i§ agsWedatdma derohahtitialy inassobiatiory withdight archbeauy chainegansiat
derived froman acceptor antibody. A "huqr@ni zed anti body" refers to a type
of engi neer edreginnsisiedyet frema) 2eceptorBpEbRdYy i ved from a non- human donor

| mmunogl obul i n, t %“HW‘%&W%& P4 je ¢Fengireeranidritibody hating its! ecul e

bei ng derived from on c')r nor e man | rmunogi obul i n(s%’. I n addition,
framewor k sup@DRs derbaddioens anon-wman dorardemusoglobuln, e BRENIRG affinity

(see, e.g., een_et al. . Proc. ' §§k R ifa ,ﬁg@@ﬁuﬁé 89),
Hodgson et al MM '#%@Hﬁ#%%@fpﬂggéﬁﬁéﬁﬁgi .b%hgiﬁp%gﬁ e human accégtor
anti body {@y Reman ﬁnﬁlﬁh%lbwiin(s')o Mhadclion ciramewaik suppor iresidyesangy bet he
KABAT(r) dat abase, Los anops, dat gbase, and I SS Prgtﬁﬁﬂ%&gg%@#iggse, by
honol ogy to takeradto peseye mgaﬂﬁ”ﬁ‘@y dege%?@e%a f nti body.
A human antib £ | @Gy, g@%ému@wzk(lggag)‘.ms of
t he donor antQggdgﬁﬁgﬁﬁéﬁﬂgﬁﬁgggﬁéﬁ asis) nhmy be suitable t rovi de a
heavy chain csuitsblertumargacoeptondhtibody mawybe oo selacted fiogmpLopy rk region
for insertion qof the donor | ta tdsiviss piddthe of 20
donating i ghﬁg‘%?%ﬁne@aﬁi‘?ﬁ‘%@ %‘ﬂ%‘tﬁr %ﬁgﬁn‘@ﬁoﬁr&%bra?idons msa§ be sel ect ed
in a sinjgarqsmpRer by hbrohRy!te the nodéstidetdndtantine addsequenoeanféw%eavy
and light chains are not required to ori '&gti fr n1th3 é pt or
anti body. Theaniitiogy. Adrimana m@@@@%‘% g Sorolagy g f Whun&ni sed
anti bodi es - r=pe @ itable'tgeshaped
human antibod%ﬁﬁméﬁgngégqgﬁﬁgﬁﬁafggagﬁ@ﬁgg3@ ”ﬁgﬁngﬁqﬁﬁ?%inall at | east
one CDR from probidesthdavyrhainonstanhegioncandyor-mbeayehaincvariah for a
COR I & second, NUTA SRSl the ADMGRARE. KLGbId AlbitoP ahubddy capabe of
20 donating fight chaln constant or variable framework regions may be selected in a
similar manner. It should be noted that the acceptor antibody heavy and light
chains are not required to originate from the same acceptor antibody. The prior
art describes several ways of producing such humanised antibodies — see for
example EP-A-0239400 and EP-A-054951
25 nReshaped human antibody” refers to an altered antibody in which
minimally at least one CDR from a first human monodonal donor antibody is
substituted for a CDR In a second human acceptor antibody. Preferrably all six
CDRs are replaced. More preferrably an entire antigen combining region (e.g.,
Fv, Fab or F(ab'); ) from a first human donor monocional antibody is substituted
30 for the corresponding region in a second human acceptor monocional antibody.
Most preferrably the Fab region from a first human donor is operatively linked to
the appropriate constant regions of a second human acceptor antibody to form a
full length monoclonal antibody.
A "vectored antibody" refers to an antibody to which an agent has been
35 attached to improve transport through the blood brain barrier (BBB). (Review
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CDRs are replaced. Mre preferrably an entire anti ges EébRiaiyB002gi on
(e.g., Fv, Fab or F(ab')z ) froma first human donor nonocl onal anti body
is substituted 30 for the corresponding region in a second human accept or
nonocl onal anti body. Mst preferrably the Fab region froma first human
donor is operatively linked to the appropriate constant regions of a
second human acceptor antibody to forma full |ength nonocl onal anti body.
A "vectored anti body" refers to an anti body to which an agent has been 35
attached to inprove transport through the blood brain barrier (BBB).

(Revi ew 517 sée Paturidgey Ad@dided Bn@BeIMQdRQWBGAZBBiBZEdQBB)JgﬂE&I ivery

Revi ew 36, 29 1, .1999 The. hrrent hem aI 0 | atively

the noelty cz?ﬁtag%" é? Walgorﬁtf?@aﬁ'ﬁ?mﬁ @4 Iléeéfa%itgmake a

chinmera with tﬁélaﬁtiﬁddbogbie@kérﬁ?!b@to mk@é@ﬁimﬁmnmmmdouv@rmdm helial -
in receptor antibody or anti-transferrin

| | t ti-
recen gfegn?f%%ﬁg@igmbbﬁ%re@q@b@pf)mldscenm?ga%\@a&m%nmm% '
10227-31; Pay t at
(1996) EA et a'de e | ?W@é@?%g Acad' A"lgge USA
325132%3;719665?1 Azsgaf wzmsl(,m?mdgg 5etlahe1199;5) Pharm. Resr 12:808—81:5;;1;91 1498t

) e 0 ece or,
bot h corrpone EEP@?’%@% Mi%géé@a%%ﬁlaﬂz&% ngBﬁ‘B@ 15pt he
process of tm&mw LX400,/1618:2520} Fﬁd:ehétfm(mr)t.r PRy E@. Yhapppgwhi ch

bi nds such cell surface receptors e transferrin or |ow density

| i poprotein ﬂ%iﬂw 321597 6-5595392%HU5533353§5U%5527§2@ Greadoupd &8: puffy

et at (1987) 1997
877-889). Ng}ura y occur| n%&%3 %[%fdﬂg%gggﬁ %Be"r?g |n an@g%% and Syn
I(B% whi ﬁhmr e@mm;gmﬁmamgwégmégﬁWWﬁg Bwld:wwclabk?ggglgjsed
ousel l e et _a arm a e et
Jour nal of ‘?IBBW §&)W€‘31 The
term "donor gm:éaﬁgyetéﬁm@ ), RO {1ADRPLISEN Bluffy @ al (1989’)““ nant)
utes th f@

whi ch contri eamnoadseq ences of 1ts varla

CDRs, or ot hé@in fes B2n32-38) Behasick et ot (18873) & gs2/iBiel bﬁﬂﬁ&ﬂ&éi ?gts
| munog obul iyl LeEingSfeckteb Sudl heirbl A SHHEE ahd By BSAR &g cod o

regi on and resu
20 known to improve transport across the BBB can also be used (Rouselle et al

(2000) Mol. Pharm.57, 679-686 and Rouselle et al (2001) Journal of
Pharmacology and Experimental Therapeutics296,124-131).
The term "donor antibody" refers to an antibody (monocional, or
recombinant) which contributes the amino acid sequences of its variable regions,
25 CDRs, or other functional fragments or analogs thereof to a first immunoglobulin
partner, so as to provide the aitered immunoglobulin coding region and resulting
expressed altered antibody with the antigenic specificity and neutralizing activity
| characteristic of the donor antibody.
The term “acceptor antibody” refers to an antibody (monodonal, or
30 recombinant) heterologous to the donor antibody, which contributes all {(or any
portion, but preferably all) of the amino acid sequences encoding its heavy
and/or light chaln framework reglons and/or Its heavy and/or light chain constant
regions to the first immunogiobulin partner. Preferably a human antibody is the
acceptor antibody.
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expressed altered anti body with the antigenic specifi 6iFebraady 2007 al i zi ng
activity characteristic of the donor antibody. The term "acceptor

anti body" refers to an anti body (nmonodonal, or 30 reconbi nant) heterol ogous
to the donor antibody, which contributes all (or any portion, but
preferably all) of the am no add sequences encoding its heavy and/or |ight
chain framework regions and/or Its heavy and/or |ight chain constant
regions to the first inmunogl obulin partner. Preferably a human antibody is
the acceptor antibody. -18 6 February 2007 5 "CDRs" are defined as the
conpl emrent a5i ty dEDRsTareidefinedgs the complementadty deterndniog segibn aminonadidody

whi ch are the hypervariabi e regi ons of | mmunogl obulin heavy and |I|ight

chai ns. See, e.%’p at et at., Sequences of Proteins of | mmnol ogl cal
Interest. 4th gihn atibBdy PHIGT 4raRné h?ﬁerﬁﬂfﬂblé‘re@lﬁi'lslﬂﬁ'ﬂﬁﬁtuﬁ@él&b@lﬁ%eawfah@”m
10 Institutes of Health (1987). There are three eav c ain and t hree Irght
chain CDRs (dﬂ%ﬁh@iﬂég%ﬁ 9. Kabateet\ahy Seqy ' :

I |1 B S R, 1

appropri atl) . Inmtutestofdiﬁdﬂ\e(lﬁﬁit) ghetrecane thtdwleagvchalnlaadathlteeﬂlghymﬁ(y mean

that other re e CO ere art he antr regi on
and woul d be Eﬁgﬁr@%ﬁ‘ ‘%‘@f@dg rq%g(g)tfagrr@my I:"bd.i-'@!'%arrpl e
Chothia et at ”Cmggﬁhs@ﬁérﬁfnr@fdr@ﬂfal%reé ﬁéﬂ*?%hlﬁt@iﬂé‘ ol“ﬁﬂ’ﬁirlﬂ.‘éllgﬁtm e
regions; Nature 342 p877-883. For convenience he s as defined by

Kabat in SEQ IR N(Qjﬂ%(f’z@oﬁ? all UMrﬂnﬂrﬂﬂdlgthRﬁrlﬁapW@PHM) mefagity of
t act d
ot ope. | Cos Sopolf ahd Brote i thlahgdr the Spuily i ihehf hat otk reBGlied ire

anti body \15r| a:bhﬁderedwrtaufdhe agtigerciiading segloreand woulkise dnddrstded tababogs of
the naturally CDRs I C haaI al sq sh r ret |nt sane
antigen bindi 0y as%i!@ﬂfl%ﬁ% Fﬁgﬁﬂq%ﬁatﬂ&@f%@f E

anti body 25 tmmnu@bsmrrr RperfiaBledegiond Nattre’ 3‘42198?%83 rﬁdr%ﬁeémendes a

partial heavy or light chain variable sequence é ., mnor deletions at

the am no or MB@R? as slefined by &abatria SE iare underfined.

20 CDRs provide the majority of contact residues for the binding of the
antibody to the antigen or epitope. CDRs of interest In this invention are derived
from donor antibody variable heavy and light chain sequences, and include
analogs of the naturally occurring CORs, which analogs also share or retain the
same antigen binding spedificity and/or neutralizing ability as the donor antibody

25 from which they were derived.

A "functional fragment” is a partial heavy or light chain variable sequence
(e.g., minor deletions at the amino or carboxy terminus of the immunoglobulin
variable region) which retains the same antigen binding specificity and/or
neutralizing ability as the antibody from which the fragment was derived.

30 An "analog" is an amino add sequence modified by at [east one amino
acid, whereln said modification can be chemical or a substitution or a
rearrangement of a few amino acids (i.e., no more than 10}, which modification
permits the amino acid sequence to retain the biological characteristics, e.g.,
antigen specificity and high affinity, of the unmodified sequence. For example,

35 (silent) mutations can be constructed, via substitutions, when certain |
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variabl e region) which retains the same antigen bi ndérBelamaty3007% y and/ or
neutralizing ability as the antibody fromwhich the fragnent was derived.
30 An "anal 0og" |Is an am no add sequence nodified by at |east one am no
add, wherein said nodification can be chem cal or a substitution or a
rearrangenent of a few amno acids (i.e., no nore than 10), which

nodi fication permts the am no acid sequence to retain the biol ogical
characteristics, e.g., antigen specificity and high affinity, of the

o Subst B PRt e BAATE vk B St b Arshs 1
restriction skgighs, aTife predahtafvettion cBn@mpidtes Heiserd aﬁa§?§ BER diftibbagi ons.

The present |nvention contenplates the use of anal ogs of the antibody of

t he i nvent i o®f the inventiga | It iswelhkaave that minorghangrsdniamiaeaed osdudeisr nucl ei c
aci d sequences; | el otein which
retains subst%gqu{@é?‘%r&%gi"ﬁ/l Igérh %Q%%ée'lr' ?1’%@.%%8‘}59{&6:{@@1932%#@%@@?“i body of
the 10 i nvenrétainsisubstankiallytsimitar propedtiesch tThisGnBliogs of tesarttippdy vitheabl e

o of o2t aiveBf efides thededn Wiish dhe hhRs T inednbeoRIENE FHBORBELR o5 o
honol ogous t BedReardlight @8ains'§ M&sﬁh@?ﬁ@h&ﬁo%ﬂ%‘ﬁﬁ  atGedRea0 DR 1,

fe
CDRL2 and CDRL3 and retain MAG neutralisin m no add sequences
are are at | berpologous aml mene pesiirably 1ok leask95 fahemelbgpusitnthiePRBa6 no add

residues in 4 1 L h | i i nplly, gaps
or Inserti ongeflti)'?aélaﬁaggg%l?%t &ﬁﬁﬂ?fﬁ%@ﬁ?f@@gy@%@k’%ﬁ‘veﬁﬁ' n al so
cont enpl at esMAGaheupralisihg BbidvitgntAniindiacid seqlierides atemerdtileast 80% ei n t he

framework_regi ons are_at |east 80% preferably at ,|least 90% and nore
preferab aﬁomeﬁa?uvﬁgb%hﬁyﬁ&ggfm ef‘gcﬁ REVnG aqd Fesiduesdn adike PASEIAR: forth in

Seq ID 1- 5. ' ugngscwg I tor 34t | hey have
80% i denti ca am'mr%eoﬁ\(fl1 resi ﬁg@ I'n @nﬁ"%eﬁ%;ssqrt I on &%hr%?l g Ee géec!q%éences are
al i gned opt i hen-identicad pesidues! The invertion diso coptemplatascanatogsefthe datihadies!
residues. 25 I al [ lLlelic varialings. ~al lelic
variation orOﬁﬁg%ﬁE@?W'ﬁ&ﬁg@Pﬁéﬁ@p@Hg %FF %}ISQ#L@I% Q{é&ﬁ’tﬁyégquence.
Sugh vari at ilgaa 0% ant Ghdre préferibly atEHEaRt©5% Roimblogogcticthadtamewadrke. genetic
code or ﬂ)ay regions set forth in Seq ID 1 - 5, Amino acld sequences are at least 80%
homologous if they have 80% identical amino acid residues in a llke position
when the sequences are aligned optimally, gaps or insertions being counted as

non-identical residues,

25 Analogs may also arise as alielic vanriations. An "allelic variation or
modification” Is an alteration In the nucleic acid sequence. Such variations or
modifications may be due to degeneracy in the.genetic code or may be
deliberately engineered to provide desired characteristics. These variations or
modifications may or may not result In alterations in any encoded amino acid

30 sequence,

The term "effector agents" refers to non-proteln carrier molecules to
which the altered antibodles, and/or natural or synthetic light or heavy chains of
the donor antibody or other fragments of the donor antibody may be associated
by conventional means. Such non-protein carriers can Include conventional

35 carriers used in the diagnostic field, e.g., polystyrene or other plastic beads,
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del i berately engineered to provide desired characteri 6t Fébruatipe2007
variations or nodifications nay or may not result in alterations In any
encoded ami no add 30 sequence. The term "effector agents" refers to
non-protein carrier nolecules to which the altered antibodi es, and/or
natural or synthetic |ight or heavy chains of the donor antibody or other
fragnments of the donor antibody nay be associated by conventional neans.
Such non-protein carriers can include conventional 35 carriers used in the
di agnostic field, e.g., polystyrene or other plastic beads, -20 6 February
2007 5 pol ysapetpsuctiarizles ce.g., as asedibetiieiBiAcdre [Brarmacie] pretemnaicoBpr 89%t em  or

2 i Strat | oFFoRn SHRREGE SREruLih R rasdiel g SBR o odpiiERRORIOT DL

macrocycle, fQimadd'SAPhhiRGIs2 Mifiay ¥fetbrdgentsanby Mcuded masatygis Jor Such
effector agents nmay al so be useful to increase tR%ﬁgalgg-ﬁlife of the

al tered anti bdwlating aheavy mespl atomy pe FdioISOORASy cUC PEME PS¢ i body
ific f ol i1 C 8 fCel |
Shovgy 105, 160boaRag0 EEaf e fel e b iksBER Fiibaer e85 phiyiaiEne. ©
89-101; Teng @ycahl (1997) Mol. Cell. Neurosd. 9, 333-346; Torigoe K and
Lundborg G (1997) Fare. Neuro | SO, ..254- % | rp&&, Ié’et]ai
Pable (NABIS A CRSTEAISEE ARIBORK SB0nG For AR agﬂg‘*@%&@ﬁgt{
ant i bodi Efsf a{emsgggf fored fﬁa@ms,umkmgmh_ el (19%6) o gsinurn
and rat) | ot oNeunaghrr 101 Tangetal 5P MoRHoNeEeR 9 THRGSHgR K on
i th nati ¢ ) ) . . . Ci
w th haman veetrORAl (1095 45, Aeale) 189, W8 pe27aha haklay” | cactive
hybri doma g ecivailsbie sMABESEN{Thepdebn))o provi de a hybridoma cell 1ine
ti -h mAb to MAG Such h ' d f
Bi ndi ng- 01 ng. VAGARSHIENGY consimn Gnsact ARPo e ntlb a3 U1 St i G
bound to a stggphdits dyinffiiAcg Blrhewntin dpecies (rpredamples badne ovine, um APC
assay Using biotl

| i nked i mmuno ylated MAG A native hunan an&iPocig can be
produced in ambmkeypchickerp setent{ige murine and rat), etc.) to generate a esirab

immunoglobulin upon presentation with native MAG from any species against

20 which antibodies cross reactive with human MAG can be generated, eg human or
chicken. . Conventional hybridoma techniques are employed to provide a
hybridoma cell line secreting a non-human mAb to MAG. Such hybridomas are
then screened for binding using MAG coated to 384- or 96-well plates, with
biotinylated MAG bound to a streptavidin coated plate. or in a homogenous

25  europium-APC linked immunoassay using blotinylated MAG.

A native human antibody can be produced in @ human antibody mouse
such as the “Xenomouse” (Abgenix) where the mouse immunoglobulin genes
have been removed and genes encoding the human immunoglobulins have been
inserted into the mouse chromosome. The mice are immunised as normal and

30 develop an antibody reponse that is derived from the human genes. Thus the
mouse produces human antibodies obviating the need to humanize the after
selection of positive hybridomas. (See Green L.L., 7 Immunol Methods 1999 Dec
10;231(1-2):11-23)

The present invention also includes the use of Fab fragments or F(ab’)2

35 fragments derived from mAbs directed against MAG. These fragments are useful
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such as the "Xenonouse" (Abgeni x) where the nouse | Mé Bgbalityi 20Q2nes

have been renpbved and genes encodi ng the human | nmunogl obul i ns have been
Inserted Into the nouse chronobsone. The m ce are | nmuni sed as normal  and 30
devel op an anti body reponse that is derived fromthe human genes. Thus the
nouse produces human anti bodi es obviating the need to humani ze the after

sel ection of positive hybrkioms. (See Geen L.L, Jl munol Mthods 1999 Dec
10; 231(1-2):11-23) The present invention also includes the use of Fab
fragments or F(ab')2 35 fragnents derived from mAbs directed agai nst MAG
These fr agrientas agestapretadtive Jowve Adpb fagmendomtsing thegatiredight diétende in

Vor i on of -t neng el cahith o i FRhw thalr; i o) 7 Rdgmi Bdhe o 1 18
by two Fab fr apfpidnt f&mé@pbm&awrégrﬁmb%dﬁd bﬁahuiﬂaéaﬁﬁa@t FatAnd F(ab')2
fragnents can bé obtaine conventi onal neans, . cl eavage of

mAb
with the appr dfRamgnss pmd)F@@Y)gtfragmmisymsbe ehtpined bxrmnwnqgeplgneansag Jor by
reconbi nant nethods. The F nd F(ab; nts are use ul .. .thensel ves
as therapeuti %W?Pé@&\ € appiopIia % noyyERRaeain Iar'l‘E'/QfoH%'e"'the
vari abl e rigegi Qpby %@ébn%ﬂ%tﬁﬂ&@sm@ﬁﬂlbnd A(abhs ff@h@ﬂ%lﬁéﬁ.ﬂ econbi nant
or humani zed antl bodi es as described herein. The Fab and F(ab')2 fragnents

can al so be cdhernseivgses menpmﬂéommbhvlautmr ad aptonpers of bequericeésdeeudiagg. |

W nt t | . Al 2:433- 94
N og obal | A ReHAbIS g ang YR ceaUgnes tisehil gy tomhption o Boorabinenti ogy.
10: 779- 763 (199 Bmahiobd Endbcideoidudhenisharamor por a ed by reference 1

their entirety. Thus human anti body fragnments (Fv, scFv, Fab) specific for

MAG can be 20 isolag Eab ard ﬁ@bfmrf@gnmts Guaisa be gonstruckashdeadi spl ay
anti body ASagFeR %M%Lp e gy (et o, antef e eﬁt,mﬁaﬁmﬁmm' shuk, Thooe
Phe library ab8 oromaRiys y T R unoQlobl? En S oot g R e
exi dsed from heBiaffechnology, 18t Hi% H{hEHSE2h whicttarerhoth h@@bvmqomnna@d bygG
expr essi on cop&ége“géﬁ‘&,gnte%m;gtp_g the human 1gG
Thus human antibody fragments (Fv, scFv, Fab) specific for MAG can be
20 isolated using human antibody fragment phage display libraries. A library of
bacteriophage particles, which display the human antibody fragment proteins,
are panned against the MAG protein. Those phage displaying antibody fragments
that bind the MAG are retained from the library and clonally amplified. The
human antibody genes are then exicised from the specific bacteriophage and
25  Inserted into human IgG expression constructs containing the human IgG
constant regions to form the intact human IgG molecule with the variable reglons
from the Isolated bacteriophage specific for MAG.
The donor antibodies may contribute sequences, such as variable heavy
and/or light chain peptide sequences, framework sequences, CDR sequences,
30 functional fragments, and analogs thereof, and the nucleic acid sequences
encoding them, useful in designing and obtaining various altered antibodies
which are characterized by the antigen binding spedificity of the donor antibody.
Taking into account the degeneracy of the genetic code, various coding
sequences may be constructed which encode the variable heavy and light chain

35 amino acid sequences, and CDR sequences as well as functional fragments and
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constant regions to formthe intact human |1 gG nol ecul e6 \Bebiuhie2087i abl e
regions fromthe Isol ated bacteri ophage specific for MAG The donor

anti bodi es may contri bute sequences, such as variable heavy and/or |ight
chai n peptide sequences, framework sequences, CDR sequences, 30 functi onal
fragments, and anal ogs thereof, and the nucleic acid sequences encodi ng
them wuseful in designing and obtaining various altered anti bodies which
are characterized by the antigen binding specificity of the donor antibody.
Taking into account the degeneracy of the genetic code, various coding
sequences nay mmmrmmmmwmuensmmmmedmmﬁw | i ght

Fragnents and SOBREIRE AR soaies P TRRNIRIE TRedoricaHng Ihe NERIE no-

anti gen speci f i ptfdetdéauéﬁt‘é@ror@.@hbl&ﬁmﬁe dsé@'t@bn‘%!i‘lu@é‘ﬁl ed ahBbstiggguences,

or fragments thereof encodi ng the vari able hal n peptide sequences or
CDRs can be us@é:s Ifrpﬁrmdmr@am@d@@tléacdiesmmloﬂw engingeredantibedies when

humani zed anti operatively
conbined with eco%‘% rrllﬂrh%f(;gftﬁrbé%e@ﬁﬁ& @ﬂpﬁ@d'mhiﬁ[ﬁg@gd | munogl obul | n
nmol ecul es ¥an encod@:eaéctiﬂn'ﬂuhaginhulimmcéa:uiwoah encodd altkred agtitnrdiasashich

anti bodi es such chlnerl tipodie hupani ze ant | bodi es., A desired
altered Innundﬁg ?Wﬂ"%%ﬁaﬁgg?§@#ﬁﬂmﬁéﬁﬁg ﬁ%@@ihﬂnﬁﬁﬁﬁ$ns t hat
encode pepti d%ub@dieﬂgAtdasir@bta@ﬂ irﬁﬁn‘aﬁbélbsmirycoaf g%g%ﬂ%bntﬂ%@:ml | body,
preferably a high affinity antibody, inserted |nt first 15

i munog! obui i ENEeding Eegions thahencotle peptideshaving-themntigemspesificiy of an antir i abl e

Lo a hecond TRtRinckyCpterérably LA SR SobBody g ifeBIRRE Loriver 1o

defined dBovémmandglobylin partnetda hurparamewsrk ©p hun@ndmarmogibbaliv vintabie
regi on of 20 |nterest for exanple an Fc region. Second | munogl obul I n

partners nmay 5Rdon). i nel ude sequences encodi ng anot her | mrunogl obulln to

which the |ight orpmmgem&lﬁﬁw%gjbgw?gﬁge °B‘.“"?ﬁge’kg nkédftiEs O by

means of a |inker sequen Engl neer agal nst

functional fr aepesdimmimoglobulin partmernibe aeagnd)mmumggomumtparmer isideflnethanced
bi ndi ng.

above, and may include a sequence encoding a second antibody region of

20 interest, for example an Fc region. Second Immunoglobulin partners may also
include sequences encoding another immunoglobuiin to which the light or heavy
chain constant region Is fused in frame or by means of a linker sequence.
Engineered antibodies directed against functional fragments or analogs of MAG
may be designed to dlicit enhanced binding.

25 The second immunoglobulin partner may also be associated with effector
agents as defined above, including non-protein carrier molecules, to which the
second immunoglobulin partner may be operatively linked by conventional
means.

Fusion or linkage between the second immunoglobulin partners, e.g.,

30 antibody sequences, and the effector agent may be by any suitable means, e.g.,
by conventional covalent or ionic bonds, protein fusions, or hetero-bifunctiona
cross-linkers, e.g., carbodiimide, glutaraidehyde, and the like. Such techniques
are known in the art and readily described in conventional chemistry and
blochemistry texts.
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25 The second i munogl obul in partner may al so be assocbaFésguary 2087 ect or
agents as defined above, including non-protein carrier nolecules, to which
the second i mmunogl obulin partner may be operatively |inked by
conventional means. Fusion or |inkage between the second i munogl obulin
partners, e.g., 30 antibody sequences, and the effector agent nmay be by any
sui tabl e neans, e.g., by conventional covalent or ionic bonds, protein
fusl ons,.or hetero-bifunctional cross-linkers, e.g., carbodiimde,

gl ut aral dehyde, and the like. Such techniques are known In the art and
readi |y destri bed iAuditionaliy) icooventionaldimkert sequemabs Whidcsimplysproyide fona. - 23 6

February 2007 ,5 Additio I onventional Linker seauen ' I mpl y
provide for a %@F&éw&ﬂg&#ﬁ}éﬁ B@W@ tb%ﬁ?@@ﬂ 'WHL“"Q@@EH@ mﬁ%ﬁ in
partner and t h&fectdriagehmafaRbbetnsiiGed fito arnaltared Irtduhoglobulinecodinger ed

i mmunogl obul in coding region. The design of such linkers is well known to

k
those of ski l |regign; Jheslesign|af sugh inkess isyalidmowndp thege of fidlip thg\atkelNr ovi de

di abodi es (bi v I oK) j Qﬁ&ﬁ [ ot her

mul ti val ent sc@bﬁgé%#% @@2‘%‘"&?’%&‘&%8@"&?@ rr%sr(gﬁé@gggg escri bed

Slr,lﬂgl‘ g_ t hatlbi hrlﬂab@i@ati?juma?m?dg)mmﬂmmm:jv proteini speclas having ene or

enbodi nent, the a ody, of .t i nventi.on jay have .at it an

addi tional agdHPre mﬁfw&%@m f“%”@?!&%‘f"ﬁé?ﬁ% t echnol ogy
may be used to progyemi Rt iehfRidRfert!iHetatibody of the Ihvartiohinddy Havel N whi ch

the Fc fragnment or CH2-CH3 domain of a conplete anti body mol ecul e has been

repl aced by arpti@ehedie iban addienal @gept. aForexampie; theprocedure of regembipanst i de
effector or r : _ ' ' ' al so
oe obran Cvel PN LEmOR i B usB o RURRCh BB kbRr o iStitn o0
t her eof hdGer dh edohthi Fc filagmeRd o COR2 CHB ddmaln of aegmplete ahtibodygnoleeulent i gen
specificity of anti-MAG anti body. The resulfin rotein exhi bit both
anti - MAG anti ¢%a b@ﬁ%@ﬂ%‘@ath}’ %%'Waﬂfﬁ@rcfe& e H}O?QGH@ n-4 munogl obul i n
upon expressi QRlypéhitfe dffsttolbri@pdrid molehlepct eri stic may be, e.g., a
functional characteristic such as another “binding or receptor domain, or a
t her apeut i ¢ char acTke seaond immunpglobulin partnenmayealse be pperatively linked to a
non-immunoglobulin peptide, protein or fragment thereof heterologous to the
20 CDR-contalning sequence having the antigen spedificity of anti-MAG antibody,
The resulting protein may exhibit both anti-MAG antigen spedficity and
characteristics of the non-immunoglobulin upon expression. That fusion partner
characteristic may be, e.g., a functional characteristic such as another binding or
receptor domain, or a therapeutic characteristic if the fuslon partner s itself a
25 therapeutic protein, or additional antigenic characteristics.
Ancther desirable protein of this invention may comprise a complete
antibody molecule, having full length heavy and light chains, or any discrete

fragment thereof, such as the Fab or F(ab") fragments, a heavy chain dimer, or
any minimal recombinant fragments thereof such as an Ry or a single-chain

30 antibody (SCA) or any other molecule with the same specificity as the selected
donor mAb. Such protein may be used in the form of an altered antibody, or
may be used in its unfused form.

Whenever the second immunoglobulin partner is derived from an antibody
different from the donor antibody, e.g., any Isotype or class of immunoglobulin

35 framework or constant regions, an engineered antibody results. Engineered
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25 therapeutic protein, or additional antigenic char agiFebrfihie200%n0t her
desirable protein of this invention may conprise a conplete antibody

nol ecul e, having full |length heavy and |ight chains, or any discrete
fragnent thereof, such as the Fab or F(ab')2 fragnments, a heavy chain
dimer, or any mninmal reconbinant fragnments thereof such as an Fv or a
singl e-chain 30 anti body (SCA) or any other nolecule with the sane
specificity as the selected donor mAb. Such protein nmay be used in the
formof an altered antibody, or may be used In Its unfused foriag’ Whenever
the second 5 nantibgdiesedn compriserimmunoglebulinda) consAnk feginns FHLYANNE ¢ er ent

fromthe donor_antibody, e.g.. any isotype 'bwrgpgl@@%rin 35
framewor k or J@ﬁ%ﬁ%’%@%‘ﬁ)ﬂg@"%%H%%hé‘gf’etﬁég% i gg{pﬁr esults. Engineered
-24 6 Februar ym?r@ftgreféaamﬂlpq@hgwmamecdmr anttbadymIn @gdition) alteratias. const ant
regi ons and variabl e framework region romgonpe sou%é:ﬁe gug aﬁd?&r accept or
anti body, and esedeletionsysubstitiang, enAdditions,) o CEaPIOR A tight 2 ant i body.
In addition, | méRIrR radidiPat Sielnideldddidosamino sdttlievélsns, of
t he acceptor ﬂ&%ﬁ%ﬁ?@%ﬁ?@?q‘%av vari abl e domain fyanework rgﬂg'an at

t he nudel dOadardihe dorian€DRIckgiansanay ba made in arden bhestal "PES‘F@H?QV 9% made
in order to retajn don anti body antigen binding specificity. Such

engi neer ed an&ﬂ‘m%‘:ﬁ:@y‘desi gned to enpl oy one (or both) of the wvariable

heavy and/or |ight sedipénmtginatired BatiRnkids-avé\Gesignechto emplop onenferbash) efiide heavy
or light chain CDRs. The engineered antibodie be n ral.Ls] as 15
above defi ned.vadeide heany MP%@@WP'B%&%%W@%& gﬁtﬁéh&?@é{iﬁgnti body
containing the.f &’iﬁi’@r 0 S artiholiesway bemeaedlising) as or
subtype, or arﬂagw{ms CCQ%IP%%S con? |irie?‘;1%Pt he human ylheavy and light chain
const ant n&8gi abeve defined. t 0 t he anti - MAG anti body functional fragnments. A

From a convent i onapoiLpigiscered afifigidifigh pRlia s tyaecantBaP AREARINGE ! oc
ot abase, 10 naheon ey ateied ppiethomiuins SthpHte 110
by a honol ogy%iﬂ’i&ﬂ@@fﬁbﬁﬁbminmgﬁ‘ﬁ rﬁ%‘"@ﬂw and H&'l &l co?lgt\.én‘f p%ri&'&t
fused to the anti-MAG antibody functional fragments. A suitable human (or other
20 animal) acceptor antibody may be one selected from a conventional database,
e.g., the KABAT® database, Los Alamos database, and Swiss Proteln database,
by homology to the nudleotide and amino acld sequences of the donor antibody.
A human antibody characterized by a homology to the framework regions of the
donor antibody (on an amino acid basis) may be suitable to provide a heavy
25  chain constant region and/or a heavy chain variable framework region for
insertion of the donor CORs. A suitable acceptor antibody capable of donating
light chain constant or variable framework reglons may be selected in a similar
manner. It should be noted that the acceptor antibody heavy and light chains
are not required to originate from the same acceptor antibody.
30 Desirably the heterologous framework and constant regions are selected
from human immunoglobulin classes and isotypes, such as IgG (subtypes 1
through 4), IgM, IgA, and IgE. However, the acceptor antibody need not
comprise only human immunoglobulin protein sequences. For instance a gene
may be constructed in which a DNA sequence encoding part of a human
35 immunoglobulin chain is fused to a DNA sequence encoding a non-
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donor antibody (on an anmino add basis) may be suitablé&Februxgv20@87a heavy
25 chain constant region and/or a heavy chain variable franework region for
i nsertion of the donor CDRs. A suitable acceptor antibody capabl e of
donating |light chain constant or variable franmework regi ons may be
selected in a simlar manner. It should be noted that the acceptor

anti body heavy and |ight chains are not required to originate fromthe
same acceptor antibody. 30 Desirably the heterol ogous framework and
constant r gl.ons ar | ected from human i munogl obulin cl asses and

i sot ypes, H“B‘é"qgfﬂ? T%GHI’%@@ d $eqUERER B¢ aR)a polypeptidg Affeatod of pEportdovever

t he acceptor molketigedy need not conprise only human i nmunogl obulin protein
sequences. For instance a gene nmay be constructed in which a DNA sequence

enco(cjil ng part of &refembly, ¥%ahumanized ebtithady, ﬂmmbanwmthmﬂmaﬁequence
encodi Ng a NGz obul in acj d sequence
such asga polqgea tg | dggtgﬁ]' E’@?J%"%B%‘é%‘?ﬁ'?%@’egﬁﬁr)ae@ré"%@%éﬁa'mme"

hlﬁm_anl Zﬁd antlf isqabgsiblefte usarallgbd @Rh)ﬁavmdsrtgggﬁaubr]ggmes@%}g%gg& | i ght

chai ns re ne or nore repl acenent's

possi bl ealpo @Z@aﬁﬂgﬁ @?Ycﬂgé' %P%S\?ﬁﬁ M@e@oﬁmmummmawm the six
10 CDRs. Prebaka | ﬁ}@fa I I epl ace
the CDRs onl ylyl ﬁlﬂﬁg‘hﬁaﬁahga eavgllﬁ(':'ﬁ np%‘% !@ﬁfﬂbaiiéhe{ lﬁ'ﬁﬁ&&@#ﬂ'@tfﬁ@{

unnodi flbled : _f"@ﬁ't therhwman chnlloraatihmdyamollﬂ]?iaﬂvéma?gmpb%ﬁlunghm?ﬁ{)ﬁﬁpl \t/)el y, a
conpati bl e I rom anot her human anti bo

re(r:rgurse to Pﬁgéggﬂ%@e&ﬂgﬁ?ﬁ&egﬁﬁ? Dyfgcquyse ey er@fﬂﬁ"ﬁ@@a of yt hg

engi neer ed aamtlbmwiatabﬁs@ 'ﬂ&rtﬁr‘nﬁincﬂe'ﬁofm miechtd b Q‘ﬁwg%
I mmunogl ﬁ'Qm The e‘é&eneer ed humani zed ant’l body t hus gre era as the

structur ﬁﬁﬁ?ﬂﬁo‘a‘mm@blﬂ}mmmiagrmnt t her eof , and possesses
Wl CEZ“’LRS@L 2{‘03&"%“}’9?%%2%‘1 g 5'%%9&@9@5%%#%%&%%&% oy
ant i body raynadral bumae antibody oraifragmentathgref, andviss@BES tHEBRINABAE adds
donor  ant | FAR0C R pMES e %@%MC?BSt ca’that heavy and 11 ght
chai n am no It wili be understood by those skilled in the art that an engineered
20  antibody may be further modified by changes in variable domain amino acids
without necessarily affecting the spedificity and high affinity of the donor
antibody (i.e., an analog). It is anticipated that heavy and light chain amino
acids may be substituted by other amino aclds elther in the variable domain
frameworks or CDRs or both.
25 In addition, the constant region may be altered to enhance or decrease
selective properties of the molecules of the Instant invention. For example, |
dimerization, binding to Fc receptors, or the ability to bind and activate
complement (see, e.g., Angal et al., Mol. Immunol, 30:105-108 (1993), Xu et al.,
1. Biol. Chem, 269:3469-3474 (1994), Winter et al., EP 307,434-B),
30 An altered antibody which Is a chimeric antibody differs from the
humanized antibodies described above by providing the entire non-human donor
antibody heavy chain and light chain variable regions, including framework
regions, in association with immunoglobulin constant regions from other species,
preferably human for both chains.
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acids may be substituted by other am no adds either 6nFélbmargrdQ0d® e domain
framewor ks or CDRs or both. 25 In addition, the constant region may be
altered to enhance or decrease selective properties of the nol ecul es of
the instant invention. For exanple, dinerization, binding to Fc receptors,
or the ability to bind and activate conplenent (see, e.g., Angal et al.,

Moo. | nmunol. 3Q 105-108 (1993), Xu et al., J.-Biol. Chem 269: 3469- 3474
(1994), Wnter et al., EP 307,434-B). 30 An altered anti body WhICh ls a
chimeric antibody differs fromthe . humani zed anti bodi es descrl bove by
provi di ng the enti PEefaGh th%v\ar%wdlght aﬁ@l%béwﬂ*@vyseﬂﬁ!&n@ﬁs chai n

o) i SsutaBiel dihof thalbis? R el erfcBing Wacielc AcRae erag{:}e%m for

i mmunogl obul i n constant reg I ons ecl es
both chains. 2 mﬁcmmm&mmmsaweﬁerabm daumanlzaﬂ Iaetilboctjaﬁ, ofithigor

heavy chain s 0 uj I I
encoéi ng nucl Z&éﬁgﬁﬁwgh@@%%ﬁ{wﬁéﬁ% ﬁﬁgﬁﬂ&r%ﬁ?ﬁg%hggfbe
?Iht e][ e?l anti b@dimwedptogbﬁe@bé aﬂhﬂﬁmbbaiﬂﬂfénw:?ﬁlhﬁdhmﬁoﬂf t hi s I nvent [ oln bé
e fo o roc e sa or simlar technjques e oye
to genera gt IEler gi’MBEJ nsm%e%fbﬁ@msmﬂbilﬁcmv@)ﬁo dlr,lrgl né a
sel ected dono g)eﬁ? f ,.mg@éy and
| i ght chain Vgpl ab Eﬁ‘f‘gr%ﬁ@g‘ﬁ? 5%b§m$%g n| gg%bwgnown tbg one skill
in the art, ekgownthene eﬁMlMeaﬂeeag;Memnlﬁmtﬂesmbedﬂn Sambroqld\ezi ecul ar

clonte (4 L A B O hanhiber 2 7

(1989)). The ~ g
CDR- encodi ng Lag:tramy eams%)bome mblecmvpbna lnghta@gi@né %ntmﬁmg atdedstanel/ or

heavy varjable domain framework regions re |red |n order to retain donor

mAb bi ndi hy QBB@WWW@%MW%WMWQ rinAbdight Bod/on heayy ved

parts of the d“EF% l‘éﬁ“ﬁemm
obt ai ned usi ngem pol ynu eglt Jﬁ‘%rs a reversgll ra%@b?@a@gb%mg
CDR- encodi ng spegifisity, asrwell 2&0thedremainirigeidhmuiogiotaliderivediparihoftheand by
conmparison to her anti usel human c ric may then be
prepared and M@&ﬁ Bl‘}%ﬁﬁﬁﬁpﬁba g@n'lpplug)muggglﬂ&gpe ﬁ\?ﬁ]@c&#xﬂ)ody
contains the silmucoB88 phHiERaftP RVErse transcriptase. The CDR-encoding regions are
20 identifled using a known database and by comparison to other antibodies.
A mouse/human chimeric antibody may then be prepared and assayed for
binding ability. Such a chimeric antibody contains the entire non-human donor
antibody VH and V_ regions, In association with human Ig constant regions for

both chains.

25 Homologous framework regions of a heavy chain variable region from a
human antibody may be identified using computerized databases, e.g., KABAT®,
and a human antibody having homology to the-donor antibody will be selected as
the acceptor antibody. A suitable lighi chain variable framework region can be
designed in a similar manner.

30 A humanized antibody may be derived from the chimeric antibody, or
preferably, made synthetically by inserting the donor mAb CDR-encoding regions
from the heavy and light chains appropriately within the selected heavy and light
chain framework. Alternatively, a humanized antibody can be made using
standard mutagenesis techniques. Thus, the resuiting humanized antibody

35 contains human framework regions and donor mAb CDR-encoding regions.
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antibody VI{ and VL regions, In association wth huma® Febraans2007 regi ons
for both chains. 25 Honol ogous franework regions of a heavy chain variable
region froma human anti body may be identified using conputerized

dat abases, e.g., KABATO, and a human anti body havi ng honol ogy to the-donor
anti body will be selected as the acceptor anti body. A suitable Iight chain
vari able framework region can be designed in a simlar manner. 30 A

humani zed anti body may be derived fromthe chinmeric antibody, or

preferably e synthetically by inserting the donor mAb CDR-encodi ng

regi ons f Pom! PHIE RBADS Subsga fHaRipation @fgpfpﬁmWOréftVQﬂQUW-t'H'lerfesulﬁngel ected

e ke o TR SRR o B o BB B TR Y "
humani zed ant PW?’OGB @it ai ns human franework regions and donor mAb ‘
mani pul at 1o of o1 PocentsPonE sRFREUH Yortir ek saramAgatk ARSI de PR can he
Vet | ol o R o o ouIces for Sheantidy i SpElates 2SUBLBET vif o
Pl aci ng tbseouatpalmguBiRn sontp! seauences cavalye ofcappreiling) the replicatiorst | on
the repli oat Fon oot aonia LG sechetOhfbem, IR B CRETRERY sbiyelibl 7 | "
o oo Bl o pree Pty andsignal sedlhgzsp iR an¢
sgmqgﬁggymﬁygggggmdgépr@@%ﬁ Sy Uﬁ’%@g{‘?sbﬁ'ﬁﬁﬁi’ué AXREESTIonNA .
Pr gf erablby this, s P?%S%ﬁﬁegﬁﬁ%ﬁéﬁ ?eﬁﬁpiebg‘?ﬁ[soé)ﬁ@ﬂ%gﬁ excépt
j[ nsof ar &5 t ﬁ@ﬁﬁgﬁ%@ &Eifhnﬁ’e?tﬂfmsm_“m?mwm?me{ ned, | fo
O ensure asij HCE'}%O ﬁ C | L S nctironally
g ees, Ao, et AR Al St e,
second vect ottt 5 REHRRNY BrerBea. AENaY o Megtedvy aod daht doinsasing,
sequences for the altered antibody may reside on a single vector.
20 A selected host cell is co-transfected by conventional techniques with both
the first and second vectors (or simply transfected by a single vector) to create
the transfected host cell of the invention comprising both the recombinant or
synthetic light and heavy chains. The transfected cell is then cultured by
conventional techniques to produce the engineered antibody of the Invention.
25  The humanized antibody which includes the association of both the recombinant
heavy chain and/or light chain is screened from culture by appropriate assay,
such as ELISA or RIA. Similar conventional techniques may be employed to
construct other altered antibodies and molecules.
Suitable vectors for the cloning and subcioning steps employed in the
30 methods and construction of the compositions of this Invention may be selected
by one of skill in the art. For example, the conventional pUC series of cloning
vectors, may be used. One vector, pUC19, Is commerdally available from supply
houses, such as Amersham (Buckinghamshire, United Kingdom) or Pharmacia
(Uppsala, Sweden). Additionally, any vector which is capable of repficating
35 readily, has an abundance of cloning sites and selectable genes (e.g., antibiotic
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the transfected host cell of the invention conprising peaﬁ,ﬂezu@onbi nant
ce

or synthetic |light and heavy chains. The transfecte I's then cultured
by conventional techniques to produce the engi neered anti body of the

I nvention. 25 The humani zed anti body whi ch Includes the association of both
t he reconbi nant heavy chain and/or light chain is screened fromculture by
appropriate assay, such as ELISA or REA. Sim | ar conventional techniques
may be enpl oyed to construct other altered antibodi es and nol ecul es.

Sui tabl e vectors for the cloning and subdoni ng steps enplgﬁed In the 30

met hods ang cpakadée),ima i9eadilyenarmpoiated mayrte odedifor goninge usthgay be

selected by one of skill inthe art. F xa e tional puUC
series of cl omlﬂ@onmmp@pinwd@é'%@%@ﬁag %’Hpmgﬁé}%@ﬁsﬁs comercially
avai | abl e from supgly & drPofcthe aptibodies may beni t ed

h SUshpl6yed/YoP
Ki ngdom) or Phar mada a?’(ﬂgﬁéa a, Sweollen). Addi tional ]y, an)ém\éect r é@)ch IS
‘éd% n‘r’&cgﬂ'ﬁ

capabl e of regdlectad bpgna®fskiflin the arhiemaanynenventional and
sel ect abl e gene e. f. | bl ot - réme dré@nhe), and
Is easily mn%&?‘éﬁ@%@ﬁ&?&é&}“g{‘% @Hﬁﬁgg @m)s tgegs)gglrﬂglgt i on of the
R R oD gy eyl o agimeligd- e A
of skill int reckars feRIRIN @6@8@%%@@@35&"%\%&¢m5 g‘%soe cont ai n

sel ect ed. 1 equbiiay of SRURRARIRBURPCSING Riglom B #kditdn, te victors mayhe 10
replication an ex%resm on o eferol ogous DNA sequence i%ﬁi%%géﬂe host

celI's.  Theseincempormate theatletted irmuaegiolilin seavences : Mh code
vectors may  SRUSPRESrEa ST RBEY RIS L 0P | S Scatencas modi f1od by
the inserjson of TiRskprEisRHN REtors Ty alsode chardaberized dyygemes sytable fosn. i 5
Anpl 11 mg. exPMBIG eTCbin of i hgPBIAsLs BNA SaRisrdob S g magngen’"
equences. | nel LB DR, el an he. or oW
ho(r:] mone ( BGH) a poly A 'ﬁgga!téqagi&ebi;uphmscﬁgmn w’s@@u@mmaéﬂéﬁi 8yd 811‘=’ne
known 0 t hggﬁéﬁﬁﬁwﬂﬁ%ﬁkﬁ%ﬁﬁéﬁ%@ﬁdﬁ)?%@é}é&ﬂn%&%aﬁfaues el |
20  herein may be synthesized by techniques well known to those skilled in this art.
The components of such vectors, e.g. replicons, selection genes,
enhancers, promoters, signal sequences and the like, may be obtained from
commercial or natural sources or synthesized by known procedures for use in
directing the expression and/or secretion of the product of the recombinant DNA
25  in a selected host. Other appropriate expression vectors of which numerous
types are known in the art for mammalian, bacterial, Insect, yeast, and fungal
expression may also be selected for this purpose.
The present Invention also encompasses a cel fine transfected with a
recombinant plasmid containing the coding sequences of the antibodies or
30 altered immunoglobulin mcélewles thereof. Host cells useful for the cloning and
other manipulations of these doning vectors are also conventional. However,
most desirably, cells from various stralns of £ colf are used for replication of the
cloning vectors and other steps in the construction of altered antibodies of this

invention.
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The conponents of such vectors, e.g. replicons, selecs Febr@@nRe2007
enhancers, pronoters, signal sequences and the |i ke, nmay be obtained from
comercial or natural sources or synthesized by known procedures for use In
directing the expression and/ or secretion of the product of the reconbi nant
DNA 25 in a selected host. Ot her appropriate expression vectors of which

numerous types are known in the art for mammal i an, bacterial, insect,
yeast, and fungal expression nmay also be selected for this purpose. The
present Invention al so enconpasses a cell |line transfected with a

reconbi nant® pl asni &uitatie apsti cells oneelldings fuy the ¢xpression of therantibady 8bdees or 30
| t d f t |

and’ ot her oo ke BRFEHk SRRt et S0 af 850 S0RF G s Tonar

]Ic—lovveverl nnstﬁbdm?astﬁ:bll &e.?.qen'B); ahd enpeloma cells, al?]d erions prefferiably ar:]GMOa!ra used -
or replicatio t oni ng, vect or ther steps in t gnstructi on

of al tgr ed antm‘ﬁ'g bf ﬁ‘c"l’??% Cg'fsrm@hg‘? ﬁe‘P @*@Bﬁ!ﬁgﬁ E‘é €sui t abl e

host cells or mainfed WIS ufridh glyBsyfatidnGattiefis a:iv%m bﬁ@bu@ég‘%ﬁ@ceu '

i nvention _are preferably rramml ian cells such as NSO,

fi br obl asd0celineg ay be evﬁqvedarﬂa-e@law@mowmab;e raammadia@ hpsteells andy a CHO

oL 2 o) S R SRR AR SRR P AT 0 1

eukaryotic cebrocnmucbn ard purification argkrmowadin thé arts Seeg bigo Saplbrook kabl,e
manmal i an host gccﬁ and nethods for transformation, culture,
anplificati on¥ at l&fﬁr ng and product production and purification are known

in the art. See, eBﬂiena?éélﬁrrﬁWpl%VéhfemFé§ ﬁ&t%@@’ﬁllﬁﬁ%%ﬁﬂ'l@%(p?{sﬂoﬁ drey

prove useful as host cells suitable tor the expression of

reconbi nakt FHigsregembinanirabsefithe presentiioventiopdseey eqg., Picitbun,Ain, A |

or ot ot ns o pFReEteh-Rev 10 357188 (uod 3T Hobevelr Bul o IR TehBIRE O brdeips.c 1

f ol ded for m oexprassad imbactahial celis/odeci énmmldwmrm@mwmmw%hnWWHCGd in
a bacterial cell ul have to be screened for retention of an

bi ndi ng abi | i BYN-GIEOY rde aMeresombingnt Eal pragyced in & hegteral £ell &@!Jld was
produced in ahiyeOBtie strderle 5k fefirlon of Shtigen binding ability. If the molecule

20 expressed by the bacterial cell was produced in a properly folded form, that
bacterial cell would be a desirable host. For example, various strains of £ colf
‘used for expression are well-known as host celis in the field of biotechnology.
Various strains of 8. subtilis, Streptomyces, other badilli and the like may also be
employed In this method.

25 Where desired, strains of yeast celis known to those skilled in the art are
also available as host cells, as well as insect cells, e.g. Drosophiia and
Lepidoptera and viral expression systems. See, e.g. Miller et a/, Genetic
Engineering, 8:277-298, Plenum Press (1986} and references cited therein.

The general methods by which the vectors may be constructed, the
30 transfection methods required to produce the host cells of the invention, and
- culture methods necessary to produce the altered antibody of the invention from
such host cell are all conventional techniques. Likewise, once produced, the
antibodies of the invention may be purified from the cell culture contents
according to standard procedures of the art, Including ammonium suifate
35 precipitation, affinity columns, column chromatography, gel electrophoresis and
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bacterial cell would be a desirable host For exanple, WFéstargta00ms of E.
CO/ used for expression are well-known as host cells In the field of

bi ot echnol ogy. Various strains of B. subfills, Streptomyces, other bacilli
and the like may al so be enployed In this nethod. 25 Were desired,
strains of yeast cells known to those skilled in the art are also

avai l abl e as host cells, as well as insect cells, e.g. Drosophllaand

Lepl a' optera and viral expression systens. See, e.g. Mller et al., Genetic
Engi neering, $:277-298, Plenum Press (1986) and references cited. therein.
The gener al 5 metifaike. iSychbédnigues arewithinthenakill & theoars andidp awt limifdhiszo

transfedi on nmethods required o produce the h j on,
and cul ture niEBVERRS. M%@P{?r PBEPS‘F%@’U&; aﬁﬁ'@ﬁ@@ﬁ@? g‘ﬁﬁ cl‘%%ﬁ?/éd;%q?he
I nvention fromygmaEio SFWE 06/1699¢ al | conventional techniques. Likew se,
once produced, the antibodies of the invention Pes;ﬁur i {"'h{gd He%@ hhe
cel | cul ture cont enfet angthes methepd @M%ﬁﬁ@&lﬂf%@é&%ﬁl B UbliizE expessio
I ncl udi ng anmmoni | f at r 05'90& 'lﬁ.ém i pBidny N&O K \87BB16¢ Athigm
chr omat ogr aphyi,;H %@?%@@tﬁ'ﬁﬁb%@. S aé%ﬁ -38 Uélch.e)Er uary 2007 5 the like.
Such t echnjguepdtestorrt bkpresdion sjstdn usthg theasimal'acesetropremotern which whes
I nvention. For exanple repar at | of altere ' | | bed in
WO 99/58679 akan %M‘BQ@%?"‘%%& %awmﬂ@%@%@@%ﬁé&@ Pg"rﬁﬁg?ﬂﬁ%e
anti bodi es may, é%h 4i RprHteh inlid miKk.r ansgeni ¢ ani mal, such as
described in Ud : ﬁ%@gﬁ%‘ﬁé@’?ﬂ, 873,316. This 10 relates to an expr ?oSi on
syst em usi ng the arneelexprassedby the desired methed theAR r'éhlﬂb‘?ﬁagﬁﬁ?‘i r
i ncorporated Inta r fBdsSy t égéﬁﬁp vieRBonal gBigaed
r ecombi nant pr&'@?ﬁawg ‘%glfah%?kg&‘pé{?pr ess 'dﬁf)y the. - desired nmethod, the
anti body |§5 t hagapfoiiatesrel amployed tol dspessaualiiatiye bd quantiiativembingipgebtheit e
assay. Presently conventional ELI ﬁA 1 a%s f ormat %Esg) %%g,eh assess
qual i tative andtbodnie MAG. AdditionalyPther r@”a-‘ﬁ?}’%aﬁy it 1'onal |y,
other In vitr amﬁ EFricad) deft Hehbih Winiest gtudids perfogmed o cacy
prior to subsg'auen lri%mam ?Pﬁ?@glﬂgﬁdi es performed to  eval uaqie t he
persi st ence of evaluatathe persistence pfithetantipody nihedogdy despitefhe ysugl deprance
mechani sns.

mechanisms.

20 The therapeutic agents of this invention may be administered as a

prophylactic or post injury, or as otherwise needed. The dose and duration of

treatment relates to the relative duration of the molecules of the present

invention in the human circulation, and can be adjusted by one of skill in the art

depending upon the condition being treated and the general health of the

25 patient.

The mode of administration of the therapeutic agent of the invention may
be any sultable route which delivers the agent to the host. The antagonists and
antibodies, and pharmaceutlcal compositions of the Invention are particularly
useful for parenteral administration, i.e., subcutaneously, intramuscularly,

30 intravenously, or intranasally.

Therapeutic agents of the invention may be prepared as pharmaceutical
compositions containing an effective amount of the antagonist or antibody of the
invention as an active ingredient in a pharmaceutically acceptable carrier. In the
prophylactic agent of the invention, an aqueous suspension of solution

35 containing the engineered antibody, preferably buffered at physiological pH, in a
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20 The therapeutic agents of this Invention nmay be ad6 RébiuaireR007 a
prophyl actic or post injury, or as otherw se needed. The dose and duration

of treatnment relates to the relative duration of the nol ecules of the
present invention in the human circul ation, and can be adjusted by one of
skill in the art depending upon the condition being treated and the
general health of the 25 patient. The node of adm nistration of the

t herapeutic agent of the invention may be any suitable route which
delivers t aﬂF”t to the host The antagonists and antibodies, and

phar maceut i ¢ tor svection is peefemed nThe corapesitienstfoc parenteyal usef ul f or

s avanousty. o neeor bl prfmond (DAL F Sl of T RIS alttonveaty be

prepared as ph&eriastion ol cockia turesfaiissolvad irpam phameitefidahy biospraunt of -
on _as an active ingredient in a

t he ant agoni st..ok ' f _the invent]

phar macegt i ca|?a§ﬁ%'2@}é'§$§g¢9@%%%§@mﬁ-t%gari%vesﬁgmmica"@g%mv@e t he

i nvention, an empleyads 1069% | sAln® 10. 390! difd i R j.neered

ant i body, ﬁr e:‘sgér{ﬁblg ga"l’fser ed amﬁﬁoﬁ%ﬁgﬁ&gﬁ@% .Qj'&- fémgoﬁge]%uary

2007 S foPm & ahd generpliefree of P@i%pmléﬁemmer. These solutioss inay be stedilized

parenteral admyry hamn yad | ' sol ytign .of_the

ant agoni st or Iﬁéw{t‘)‘g’gyhg’f %I@%\%%#ﬁg%@%é&F&ﬂ M{Jﬂ@q@ofﬂ'@i ssol ved In

an ph?r mafceut F@@P@hmm{ abintain %mnaeaul,tlcauy?‘c@embne agszg@/myﬁne%@é;r . A

variety of a er enpl o , €.0., 0.9%saline, 0.3%

gl Yfl ngl, ?nd:ﬁfﬁgﬁ% Fﬁéébﬂﬁé‘i‘éﬁ%ﬁw@@ﬁ@gﬂ%§@i asephhadjugiingeand | y f Iree of
articul ate ering adents ARy I WA onal ,

\a/el | kno steril inzgat I on tegcc?hni%%g: e.g., f?‘."?ﬂ‘lﬁgﬁ’@%°‘°¥‘#§’%¥§ itions

my cont af pwxﬁmyutsuﬁ'aphm% renutation ican vanswidelyp he ¢ frofrbless ani r ed
con o, et SR ST b b B 8 R B b s
i nvention i n dubwilldieselactedpiimatily tasedibmAuiEvokMles, skodicic bk, deoGidin from
2006 by wei ghttd R AaieHeY Bt Rimidonsciabased on {1 uid vol umes,
\s”e lsg gf |e Ei | es, etc. ThasPpRarfthceltfcal Binpiition ot tiS 1TRABoP For ARl 3t | on
20  injection could be prepared to contain 1 mL sterile buffered water, and between
about 1 ng to about 100 mg, e.g. about 50 ng to about 30 mg or more
preferably, about 5 mg to about 25 mg, of an antégonlst or antibody of the
invention. Similarly, a pharmaceutical composition of the invention for
intravenous infusion could be made up to contain about 250 ml of sterile Ringer's
25  solution, and about 1 to about 30 and preferably 5 mg to about 25 mg of an
engineered antibody of the Invention. Actual methods for preparing parenterally
administrable compositions are well known or will be apparent to those skilled in
the art and are described in more detail in, for example, Remington's
Pharmaceutical Sclence, 15th ed., Mack Publishing Company, Easton,
30 Pennsylvania,

Itis preferred that the therapeutic agent of the invention, when in a
pharmaceutical preparation, be present in unit dose forms. The appropriate
therapeutically effective dose can be determined readily by those of skill in the
art. To effectively treat stroke and other neurological diseases in a human, one

35 dose of up to 700 mg per 70 kg body welght of an antagonist or antibody of this

-32.



Thus, a pharmaceutical conposition of the Invention f@Febphd ownl ar 20
| njection could be prepared to contain 1 nL sterile buffered water, and

bet ween about 1 ng to about 100 ng, e.g. about 50 ng to about 30 ng or
nore preferably, about S ng to about 25 ng, of an antagoni st or antibody
of the Invention. Simlarly, a pharmaceutical conposition of the Invention
for intravenous infusion could be nade up to contain about 250 m of
sterile Ringer's 25 solution, and about 1 to about 30 and preferably 5 ngy
to about 25 ng of an engineered antibody of the invention. Actual nethods

for prepaji NgyatlcANHRLRY be/adrfiEteies parehtaralyy prafeiablyoiis oak@. wel | known or

o ) e v R S A ™

detail in, f usep . ' t , ed., Mac

Publ i shi ng Cﬁ Y IE&%@%EB r%?ﬂﬁ%rﬂiﬁbm%m'&- It is preferred that the

t her apeutic ! gﬁ'{' & | negn 1 on, en 1n a pharnmaceutical preparation,

be present in uniThedmgibodies describbe hereisr can belyephilizesfap forageand) of fect i ve

dose can be determ ned reagdily by thos Sli ' hash

effectively 'ieﬁ@biﬂ“ét?a(liké SH&QP%F?%'F' R@W&Bﬁ%&l @Ht&{:@hel Li%s | néeg SMnto one 35

dose of yp i diRG1TE Wi cofelifonaPrbmurtighibuling amhagrknagariyephilgatiomandody of
e

this -32 6 ruary 2007 5 invention should be adm nistered parenterally,
pref erabl y |reconstitution techniques@mPeamMRIPYed  Such dose may, if necessary, be
p

repeated at apprqpri ' ' afPacduticalgorpositibs a
physi ci an. The aﬁﬁ@t‘gg&é%@%%@?g@&“ﬁ%’?eﬁﬁﬁﬁﬁe | yophi L.i z??@feor t orage
and reconstgddmiiristhg anthMAGi antibbdy oftheipsesept inyentien o ! neHoga Wgue has
been shown to 10 be effectiv ith c ' SaTHR '
art - known | yi&graof p Pim@ﬂ@ﬁ%ﬁ@ﬁﬁg{%h%ﬁrhﬂﬁl que@gégﬁ Beﬂgx‘rrglggyed. I'n
anot her ﬁspe&}(,kebﬁgdtﬁéﬁwr@mg]wmg@,a phar maceuti cal conposition
conprising anti - anti body Of the present i é/%[r; i ﬁng(})qropgqgarnct I onal
fragnent ther eoﬂnamtiumrammedavwoad%@g Bnayr or treatnent
or prophylaxis of.. 15 [ 66 Hredding RveAtion dma a yet
further aspe"cofr,'pqsw ni%@@ﬁ@rﬁ%%ﬁﬂé@ agﬂg{@}r rracefjﬁt I cal composition
conpri sing tipactvhal frifeanthersofigndh phammpeastically acsepiablesarmisr fof
inhibiting neurodegeneration and/for promoting functional recovery in a human
20 patient suffering, or at risk of developing, a stroke or other neurological disease,

The following examples illustrate the invention.

ample 1 ~ Anti- anti mode
Materials and Methods

25  Anti-MAG monocional antibody
Anti-MAG monoclonal antibody was mouse anti-chick MAG antibody MAB

1567 obtalned from Chemicon. The antibody has the following characteristics:
Antigen: myelin-assodiated glycoprotein (human, mouse, rat, bovine,
chick, frog)
30 Isotype: IgGl
Neutralising abiilty: see DeBellard et al (1996) Mol. Celf. Neurosci, 7, 89-
101; Tang et al (1997) Mol. Cell. Neurosd. 9, 333-346; Torigoe K and Lundborg
G (1997) Exp. Neurology 150, 254-262.
Control IgG1 mab was purchased from R+D Systems.
35
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functi onal

I nhi bi ting neurodegeneration and/ or pronoting functional

human. 20 patient suffering, or at risk of devel oping,
di sease. The followi ng exanples illustrate the Invention.

neur ol ogi cal

Exanple 1 Anti
MAG nonodonal

fragment thereof and a pharnaceutical |y aceapibaaaey @007 er for

recovery In a
a stroke or other

-NAG anti body In stroke nodel Materials and Met hods 25 And
anti body Anti-MAG nonocl onal anti body was nouse anti-chick

MAG anti body MAB 1567 obtained from Chem con. The anti body has the

followi ng charagteristics: Antigen:
ovi/HtE-cergbrat kentrisusay capoulation ffpestutlg Gloryeut ral | sing ability:

nouse, rat,

nyel i n-assocl ated gl ycoprotel n (human,

see DeBell ard et al L(nja%

Vol Col 1. Neurosd, Gees iuiolRde Ssesncs Wharcefiteaisshirtias (a0 pndles
Neur ol ogy 150, We&e-[msitionabin thelleft (xérahedrevabventicld {edpdinates: ReMnPiohe s

35 -33 6 Febr 7 nha- cerebral ventricul arcannul ation or st d 1.
only) Under hﬁ%%ﬁ‘i'ﬁ@’%ﬁ%é‘i‘?ﬁ@ggg from S%@Qé@:ébl:@% fv@nﬁkulgs,uralce.(im(ieowbar-u g

cannul ae  wer e Jo2mit bmde&d‘a&bmldﬁoth%fogmbmr@rsgﬁﬂlﬁfggﬁ&%eﬁ% £ orr;

(coordi nat 1.6 from
sur f ‘;@e, j'\OHﬁn%&@raVQH damagestenthe guisle oratummy canvililan 7 daysRaliowieg and

skul |

t he m dl'l ne,
gui de

o dumy. cantul & 2P ey Gt Hideenn? §i8 Fene 612 iR oo esmade s

or dunmy cannul a.

verified by ante Anginteasiorll (X00mg, Sinwonset all H78)9 INMeedsslatkt, dnkB89

ral

Si npson, et al N ne s later, aninmals underwent cere
i schaenl a. 15 W%&@@@@é&a@@ﬁ al Lcchaenia Transient (90 min) focal

cer ebr al

bet ween 30?- 35
%an

of 5% hal o

20

25

30

i schaem a was induced in male Sprague Daw ey rats, each wei ghing

The aninmals were Initially anaesthetised with a m xture

ansst il Gerebelilenbaemis 30%
Transient (90 min) focal cerebral ischaemia was induced In male Sprague

Dawley rats, each weighing between 300-350g. The animals were initially
anaesthetised with a mixture of 5% halothane, 60% nitrous oxide and 30%
oxygen, placed on a facemask and anaesthesia subsequently malntained at 1.5%
halothane. Middle cerebral artery occlusion (MCAQ) was carrled out using the
intraluminal thread technique as described previously (Zea Longa, et. al., 1989).
Animals were maintained normothermic throughout the surgical procedure,
allowed to recover for 1h In an incubator, before being singly housed. Only
those animals with a neurological score of 3 1h post-occlusion were included in
the study (as assessed using a S-point scoring system: 0, no deficit; 1,
contralateral reflex; 2, weakened grip; 3, drcling; 4, immobile; 5, dead). Animals
were maintained for up to 1 week at which time animals were killed by
transcardial perfusion of 0.9% saline followed by 4% paraformaldehyde in
100mM phosphate buffer. The bralns were post-fixed In 4% paraformaidehyde
at 4°C for 48h at which time they were removed from the skufis and cut into
2mm blocks using a rat brain matrix. The 2mm sections were then paraffin
embedded using a Shandon Cltadel 1000 tissue processor, cut into 6um sections
using a microtome and mounted on poly-L-lysine coated slides. Sections were
then processed for Cresyl Fast Violet (CFV) staining.
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oxygen, placed on a facemask and anaest hesi a subsequahFebrusmiyn200Tied at
1.5% 20 hal ot hane. M ddl e cerebral artery occlusion (MCAO was carried out
using the intralum nai thread techni que as described previously (Zea
Longa, et. al., 1989). Aninmals were maintained nornotherm c throughout the
surgical procedure, allowed to recover for 1h In an Incubator, before
being singly housed. Only those aninmals with a neurol ogical score of 3 1h
post -occl usion were Included in 25 the study (as assessed using a 5-point
scoring system 0O, no deficit; 1, contralateral reflex; 2, weakened grip;
3, drding;54, Dosimpbegiere 5, dead). Animals were maintained for up to 1 week

t which ti i mal Ki | | t di f usi f 0 9% sal i
Fol lowed by 4% parAtaMAG HRRFRSR antbosis e s iast Fobmecontop ndiody s er o
post - fi xed i nwéfé dialysddagamst eterite 3®p3odiim f:mbd&@&@mgnbéﬁmwricm—énﬂéy ver e

renmoved fromthe skulls and cut into 2mm bl ocks using a rat brain matri x.
The 2nm sect i MORWBLRIYt hen paraffin enbedded using a Shandon Citadel 1000

ti ssue proce GU e E%’ﬁ i S I S By tyed on
pol y-L-1ysi nzgtg'g%tlé?&'siﬂln%g’s. eC %&sﬁfgﬁh ;@Hgtnmb?bsg%ssed%pgrsq%rwe]éyl Fast
Vi ol elt (CFE)JI ) B{taimn‘rgfoélaﬁvlng%qc&ol Ifshlrpmtms@OOY t5 :I)osi [l_gbrggi me Anti_-N:AG .
monocl onal anti body ,and rous S contro i bo e dial yse
Roarnst ot er 102 S ARTRAR oo 2000 37 S A Meb k00 ke 198 LY.

appropri at el Yand34¥dioving MOAGR! s received 2.5g of anti-MAGrab or 2.5g npuse
lgGi.c.v. 1, 10 24 and 72h follow ng MCAO (Sul per dose). Study 2:

Ani mal s r eceilnvestigatog was biinded taBeridentity of dosingsofufieni . v. 1 and 24

foll owi ng MCAO. Investigator was blinded to the identity of each dosing
solution. 15 Neurol ogi cal assessnent Prior to induction of cerebral

i schaenm &5 r Veurblogicataseyssingmecei ved training in beam wal king and sticky
| abel test. Aninmals not reaching criteria in both tests were excluded from

further study. FoPfiQfisoigduction af serebral dschagrien s fosiStudiel received training
in beam walking and sticky label test. Animals not reaching criteria in both tests

were excluded from further study. Foflowing training, the remainder of the
animals were stratified according to performance Into two balanced groups.

20 Throughout the neurological assessment, the investigators were blinded to the
treatment group of the animal.

Bilateral Sticky label test
The bilateral sticky label test (Schallert et al., Phammacoloay Blochemistry
25  and Behaviour 16 : 455-462, (1983)) was used to assess contralaterai
neglect/ipsilateral bias. This models tactile extinction observed in human stroke
patients (Rose, et al. 1994). This test has bean described in detail previously
(Hunter, et al., Neurcpharmacology 39 : 806-816 (2000); Virley et al Journal of
Cerebral Blood Flow & Metabolism, 20 : 563-582 (2000)). Briefly, a round, sticky
30 paper label was placed firmly around the hairless area of the forepaws with
equal pressure with order of placement randomised (left, right). Training
sessions were conducted for & days prior to MCAO, day 6 data was utilised as the
pre-operative baseline (Day 0). Animals were given two trials 24 and 7d
following MCAO, the data represents a mean of the two trials. The latency to

-35-



animals were stratified according to perfornmance intosiFébraaby200d gr oups.
20 Throughout the neurol ogi cal assessnent, the investigates were blinded to
the treatnent group of the animal. Sllateral Sticky |abel test The

bil ateral sticky |label test (Schallert et al., Pharmacol ogy Bl ochem sby 25
and Behavi our 16 : 455-462, (1983)) was used to assess contral ateral

negi ect/ipsilateral bias. This nodels tactile extinction observed in human
stroke patients (Rose, et al. 1994). This test has been described In
detail previously (Hunter, et at., Neurophannacol ogv 39 : 806-816 (2000);

Virley et &l hullanﬁhncbfemtﬁ@rthbﬂaﬂelﬂve@defdrdm &nd/analipseidi usingthe [60aniE Bsst

(2000)). Briefly, a rond pape el pl aced firmy around
the hairless & Hels ' 2 Zaﬁ%&ﬁgﬁre wi th order of

pl acenent randomi sed (1 eft ri ght) Trai ning sessions were conducted for 6.
days prior to MCAQ, day 6 data was utilised as the pre-operative baseline
(Day 0). Ani rrﬁeéﬂmm?é?ﬂg iven two trials 24 and 7d follow ng MCAO, the data

Cont act - and emoveSrR el ek beec os 4 Wasfe i find fimb 2nq folerib By 2007 0,
f/v:lstd n( Cg)égmBOr Ki nn Iﬂmﬂmeg a . ure of ha%&lé;vﬂﬁd DR B:aam co-

10 or d?nat i on\ezwf\é%r ﬁ’éﬁe{ﬁepaéaﬁpéav%!ﬁ%g &G‘e&ﬂ?'géﬁq O{':E% beam
(2. 3cm di anet gf jouthsal oF 5 % MStabbliah, P! 563SSE (2 . Ratget ai |

(Mirley et al ow & Metabolism 20 : 563-582
(2000) ). Ratswemetrainedatonmﬂaﬁb&amgronhsaﬂéalﬁntshorﬁoswﬂng.tmlratwﬁs For

ropr osent o a. Aah 25 At o 3Ry fq Rl FCaD, fkuatd rpitendil Einedife o ' ©

follovwed By Stwoltidls Statietidal analysis Wias ANOVA foltowed IngStudéntscetest. (5124 --|)
This study consists of a battery of tests to assess neurol ogi cal status
i ncl udi ng, paw pl acenent, visual forepaw reaching, horizontal bar,

contal at ot &l maOz AR findalopyRsipag. 11 071 19 T o, C?&EE?L?“ gty
al . Neur oohar macol Tis sty cosgids of a battery of tests to assess neurological statu
including, paw placement, visual forepaw reaching, horizontal bar, contralateral
20  rotation, inclined plane, righting reflex, contralateral reflex, motility & general
condition, as described previously (Hunter, et al. Neuropharmacology 39 : 806-
816 (2000)) with the addition of grip strength measurements (scores 2 for good
right fore-limb grip, 1 for weak grip). Total score = 27 for normal animal.
For study 2 this test was modified further : Grip strength - normal scores
25 3, good - 2, weak — 1, very weak - 0; Motility - normal scores 4, excellent - 3,
very good — 2, good — 1, fair — 0; General Condition - normal scores 4, excelient
- 3, very good — 2, good — 1, fair ~ 0; Circling — none scores 5, favours one-side
scores 4, large circle - 3, medium circle — 2, small circle - 1, spinning — 0). Total
score = 32 for a normal animal.
30 In both studies animals were tested 1, 24, 48h and 7d following MCAO, a
heatthy normal animal scores 27 or 32 respectively. Data are presented as
median values, Statistical analysis was Kruskil Wallis ANOVA.

Lesion assessment
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816 (2000)) with the addition of grip strength neasue@ebiaary 2007es 2 for
good right fore-linb grip, 1 for weak grip). Total score = 27 for nornal
animal. For study 2 this test was nodified further : Gip strength - nornmal
scores 25 3, good - 2, weak -1, very weak - 0; Mdtility - normal scores 4,
excellent - 3, very good - 2, good -1, fair - 0; Ceneral Condition -
normal scores 4, excellent - 3, very good - 2, good - 1, fair - 0; Carding
- none scores 5, favours one-side scores 4, large circle - 3, nedium
circle - 2, small circle - 1, spinning - 0). Total score = 32 for a nornal
ani mal . 3051 n bot hsgdydi-ger asdaiimawesion reasvert, assasseddh segiang HOfbI | owi ng
MCAO, a healthy nornmal aninmal scores 27 or res | are
presented as thresipeedetgmuiped lexelsin the krajn @néféﬁng'%g‘ghw&?ﬁd? g@i lis ANOVA.
Lesi on assess - 6 SssSkded\ dresyl &t holebistaining | esi on
areas were asé%@écetlﬁ!% yg@'ﬁngﬁds&?ar?ggﬁnz?shree ggrae-sglgt eﬁyﬁ ned | evel s Q t he
brain (0, -2.8nhihe aréa Of damégemeBsuredssing @sfaniimasc.y ymagiag ParHkagey ﬁ@ge was
assessed using cresyi,fast _viole iaﬂl |.Ag and the area of dammge neasured
using an Opti PE- %ﬁ\eﬁ af)efc 3 %a"?’a I s expressed as nean area (mMm)
sem 10 Sjydysiidy 2RGor@aeh anfalksion areas wene assessat o secionsdedm peValect i ons
n

fromseven pre-determned levels in e brai +3 Bregma) .
Neur onal  danprgedaiermined levelsdn the I?fé"'bé"'g‘x!@m tp a@?‘ﬁb‘ﬂmf’W%Fﬁ?& t he
area of damag L\ ey EASRicRet Saing and theafeacs daliage | s
expressed as ﬁ%@ﬁ?gg&%&i em 1Eé%elsults mg?ud 1- Intra-cerebral
ventrical (i.messureddsingiantOptinass.bimaging pretagenbatal EXIESHAAAM L core One
hour foll ow ng NEAOZSM mals in both treatnent groups showed marked

HeR LN d &

I mpai rment in ¥ score (nedian score 12 in each group). There
was no sigaificant difference between groups at this tinme. However, 24

Results

Study 1 - Intra-cerebral ventrical (i.c.v.) administration of anti-MAG

mab

20  MNeurological score
One hour following MCAO animals in both treatment groups showed

marked impairment in neurological score (median score 12 in each group).
‘There was no significant difference between groups at this time. However, 24
(p=0.02), 48 (p=0.005) h and 7d (p=0.006) following MCAQ animals treated

25  with anti-MAG mab (2.5 ng, 1, 24 and 72h post-MCAO) showed significantly |
improved Total Neurological score compared to those treated with control 1gG.
Median neurological scores 24, 48h and 7d following MCAO in the 1gG; treated
group were 15, 14 and 18 respectively compared to 19.5, 21.5 and 22 in the
anti-MAG mab treated animals. On further analysis of the individual behaviours

30 comprising the total score, this significant improvement was mainly attributed to
improved performance in the following tests : paw placement (24h, p=0.045;
48h, p=0.016; 7d, p=0.008), grip strength (24h, p=0.049 48h, p=0.0495; 7d,
p=0.243), motility (24h, p=0.199; 48h, p=0.012; 7d, p=0.067), horizontal bar
(24h, p=0.065; 48h, p=0.005; 7d, p=0.016), indined plane (24h, p=0.006; 48h,
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(p=0.02), 48 (p=0.005) h and 7d (p=0.006) follow ng MCRebaayw2007r eat ed 25
with anti-MAG mab (2.5 jig, 1, 24 and 72h post-MCAO showed significantly
i mproved Total Neurol ogical score conpared to those treated with control
I gG  Medi an neurol ogi cal scores 24, 48h and 7d follow ng MCAO in the Igd
treated group were 15, 14 and 18 respectively conpared to 19.5, 21.5 and
22 In the anti-MAG mab treated animals. On further analysis of the

i ndi vi dual behaviours 30 conprising the total score, this significant
| mproved performance in the follow ng

Tt buted t
L Oy B0 Bk, s deBvis forepam reastinaccagh, 0088, 70850049 p

strength ( 24handoFe. 95, (24h,
0=0.199: 48h,  p=0 6% e % b"pd—"?%%ﬁjg =p.47. 48 B3 ’?D bl?&b 065 48h,
p=0. 005; 7d, p=0. 016) i nclined plane (24h, p=0.006; 48h, -37 6 February -

2007 5 p=0. %ﬂ,% %0 169), visual forepaw reaching (48h, p=0. 049, 7d,
p=0. 049) and t egree of circling (24h, p=0.417; 48h, p=0.034; 7d,

p=0.183). Beam mﬁmmmmraalmimswwahédwu@éﬁwé@éa?n idUchd to cross
t he beam ﬁloqcr‘f‘% l,%)g Bwent four hours follow ng surgery there S a
si gni fi c& t Py fRUR hodrs folipwing sukgencibere weea signifisant impalretent ion thet h
anti - MAG ( 501dictsiitk trivel Bednt £ red to
pre-operati ve vaI ues. Ecgﬁ})ﬁ not ‘}F@“&tﬁﬁﬁwfﬁ%‘%ﬁ&@@@w ed ani mal s
;sh_owedt Ear Iée 3+dficen) dreated animalsl @?par@d Efnre?Sparam:}afuleg Amlgt II\]/C% trSaveI | ed
wi ce the di ReshtO ed a S ol |l owi n . Seven

days fol | owi ngﬁsurgéé';‘/& E@%@g&eﬂ qr!sg?ﬂ"f?ddpé‘%ﬁg ImgrveEentayerdaG:
i nprovenent  treatedtanimals frthap el mmé@tvﬂ&e ‘E%E?S égtéd'
remai ned él gﬂman ngzl:l\/iqrg%al red conpared tg@b%%| I ne anlh}g 005) .
I'n cont ridt @Iowmmrgewmﬁw \wl'ﬂ(abaﬂlgrdup@ mab
(2.5 pg 1, t I fjcantly
di fferent 20 from 'gg% 'hﬂ E }Eﬂﬁé ér}T[]%? w%%%%ﬂggaﬁgﬁmﬁﬁ) tga
anti - MAG nabl mrmdtsigiﬁﬂmndyahpdrﬂ‘cbmwed & baselige fmm oSk
conpared to 5 '%3’% t ﬁ’l"‘% Stlcky/ abe 25 Pr| or to surgery,
animals in el’aﬁf:)(gJ g?st[ 23:@ &@8 » AripIalA treated withanti-MAG mab (2.5

ng 1, 24 and 72h, i.c.v post MCAO) performance was not significantly different

20 from baseline (75£15cm; p=0.07). This data shows that anti-MAG mab
treatment accelerated recovery of this beam walking task compared to mouse
IgG; treated controls.

Sticky label

25 Prior to surgery, animals in each of the treatment groups rapidly contacted
and removed the labels from each forepaw, there was no significant difference in
the groups prior to treatment (Table 1). Twenty-four hours and 7d following
MCAQ the fatency to contact the left paw in each of the treatment groups
remained relatively unaltered, while that of the right was markedly increased.

36  However there was no significant differences between removal times in anti-MAG
and IgG; treated animals. In addition 24h following MCAQ, the latency to
removal from both the left and right forepaw was significantly increased in both
treatment groups compared to baseline , however In anti-MAG treated animais
the latency to removal from the left paw was significantly shorter than that of

35 IgG, treated animals (p=0.03). There was also a trend for reduced latency to
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and renoved the | abels fromeach forepaw, there was 6&Fedbraanf 2007t
difference in the groups prior to treatnent (Table 1). Twenty-four hours
and 7d followng MCAO the latency to contact the left paw in each of the
treatment groups renained relatively unaltered, while that of the right
was markedly increased. 30 However there was no significant differences
between renoval tinmes In anti-MAG and 1gGlL treated aninmals. In addition
24h following MCAO, the latency to renoval fromboth the left and right

forepaw was significantly increased In both treatpent groups ared to
basel i ne, sShowemeva!lfrorathe rigitpaw aardidMAGtraated aﬁ‘ﬁ@@%‘&%&?&l&mﬁ val from

the left paw was. significant S 8 frreed ani mal s
(p=0.03).  ThareatehuithIgG: -fdr%%(t‘?é'?q}eéﬂ@déﬁ“’1"%?"8%%3'?"?0@%8‘56 Fef%ary
2007 5 rerm\iﬁllgcé{faéétéb%nlmm thavtheratency tovetavekbbimes for ek fareRpar ed to
those treated wth 1g@ (p=0.08), (Tahl s degree of
recovery in W@W@Qt‘@ﬂ‘@%@g’wqti@t%m@ ‘r)ag'g‘ﬁgggét?é%%;& lmes for
each forepaw RS cheratethedéboveRa il thisistickyl dat a
suggests that%gg{%t@wgats vvi'tﬁﬁggnti-l\/AG mab acg\gl erate the recovery
in this st cKestfalowing tMCABst fol | owi ng t MCAO. Table 1- Sticky | abel data
Day Treatnent Contact Tine (s) Renoval linme (s) (Meansem (Mean*sem) Left
Ri ght Left Forepaw Ri ght Forepaw Forepaw Forepaw O Anti-MAG 2.40.2 3.60.5
122 122 0 | gfable31 3 Stickplabeldatd. 7 10:b 1 9 1 1 Anti-MAG 5.9 3.7 109.6
27.5 *61 26 M&-&&—S—W 1 = b 3. 81
36. 410. 2 5423 DayspTreptmgatt| 2. g Centactdimeds) o3 g g7 “p=0:U3 Ant|i - MAG

v's 1gd@ usimg the | ogrankftest) ﬂ%dﬁm)n ar eaj measur(peanisemyim ni stjrati on

of anti- MAG bijc.v, sighificantly rediuced |ekion. arga—i

Left Right Left Forepaw Right
Forepaw Forepaw Forepaw

0 | Ant-MAG | 2.4%0.2 3.6+05 122 1242

0 IgG: 3.3x0.6 4.2 + 0.7 10+1 g1
1 | Anti-MAG | 5.9+3.7 | 109.6 * 27.5 *61 £ 26 96 + 26
1 IgGy 3.6£05 71.8 £ 31.7 130 £ 21 156 + 19
7 | Anti-MAG 38x1 36.4 £ 10.2 54 % 23 80 £ 30
7 1gG: 2.8%03 64 = 28 238 87 £ 20

(*p=0.03 Anti-MAG v's 1gG, using the logrank test)

15  Leslon area measurements
~ Administration of anti-MAG mab i.c.v, significantly reduced lesion area In
two of the three brain levels examined compared to those animals treated with
equal amounts of mouse IgG; when examined 7 days following tMCAQ (Table 2).

20

Table 2

Mean Lesion Area + sem (mm?) 7d following tMCAO
Treatment 0 mm wit -2 mm wrt Bregma -6 mm wit
-39 -




two of the three brain |evels exam ned conpared to theseeBRld® 00T eat ed
with equal anmounts of nmouse 1gd when exam ned 7 days follow ng t MCAO
(Table 2). 20 Table 2 Mean Lesion Area sem (mm) 7d follow ng t MCAO
Treatment O Mmwrt -2 nmwt Bregma -6 mmwt -39 6 February 2007 Bregma
Bregma Anti-MAG mab *9 12 14+ 3 3t 1 (n=8) Muse Igd (n=9) 14+1 12 1 5
15 (*p=0.02, p=0.03, p=0.06, and-MAG V's Igd, One-way, unpaired Students
T- Test) Study 2 - Intra-venous (i.v.) adm nistration Neuro/ogical/score 10

One and 24 hours.following MCAO aninals | bot h groups showed pmarked.

i npai rment in heurol ogi cal sclore. Bregmae wgs no 5| gm ficant di BreSMhce

bet ween groupszat i st mer e cotgs—24t3 oW g aTTtF met—4nd
lg@ treatnen Aﬁ%!‘%“%’agnd 18 rgggec?i velly (p= O4 %)3 For tly- ei ggﬁuﬁoursj
follow ng MCAQN=8)i nal s treated vvith ant-I\/AG mab (200ug,| |.v. 1 and 24h
pOSt - NCAO) 15 bBhowed-si-ani-fi-da N pf —A—pDaw nl acdnept—p=0—-048 and
grip strength WB"@WB)?"*@& of c&Ebkal

| schaem a agl m
pl acenent p=0.

9
significant |npestyenent in total
conpared to those treated with nouse |1gd

neurol og| cal
20 (Medi an score 23, p=0.047).

score (medi

I an score 25)

WP B Showed

Lesion area neasurenents The anti-MAG anti body when adm nistered i.v. MCAO
significantly 5W2¢Iﬁﬁ¢mmﬁ§amgﬁoh pre-determ ned brain
|l evels (+3 to -8 mmw.r.t. 25 Bregma) conpared to |Isotype controls, when

examned 7d fo
area t 10

Brain | evel

impairment in neurological score. There was no significant difference between
groups at this time, median scores 24h following anti-MAG mab and IgG;
treatment were 20 and 18 respectively (p=0.5). Forty-eight hours following
MCAO, animals treated with anti-MAG mab (200ug, Lv. 1 and 24h post-MCAQ)

15

showed significant improvement in paw placement (p=0.048) and grip strength

Mean |l esion area t Mean | esion
One and 24 hours following MCAQ animals in both groups showed marked

{p=0.033). Seven days following the onset of cerebral ischaemia animals treated
with anti-MAG mab continued to improve (paw placement p=0.041; grip
strength, p=0.048; moiility, p=0.05) and showed significant improvement in total
neurological score (median score 25) compared to those treated with mouse 1gG,

20

(Median score 23, p=0.047).

Leslon area measurements
The ant-MAG antibody when administered Lv. MCAO significantly reduced
lesion area at 5 out of 7 pre-determined brain levels (+3 to -8 mm w.r.t.
25 Bregma) compared to Isotype controls, when examined 7d following MCAO.

Brain level | Mean lesion area + Mean lesion area %

wrt SEM (mm?) SEM (mm?)

Bregma — Anti- MAG treated - Mouse IgG; treated
3mm *¥0,38 & 0,27 1,77 £ 0.45
1 mm ¥5.82 + 1.65 9.627 % 1.14
-1 mm 8.98 £ 2.58 12.07 £ 1.57
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wt SEM (mR) SEM (nmmZ) Bregna - Ant- MAG treated - Mgupébhaely 200mted 3
mm*0.38 f 0.27 1.77.+0.45 1 mm*5.82 t 1.65 9.627:b 1.14 -1 mm8.98 f

2.58 12.07 1.57 -40 6 February 2007 -2 mm7.28 1.92 10.04 1.87 -4 mm
*5.57 1.06 10.38 1. 9 -6 nm*1.36 0.51 4.431.95 -8 nm *0.270. 27
1.930.56 5 * p< 0.05 - Unpaired, one-way Students T-test Conclusions An
anti - MAG nonocl onal anti body adm nistered either directly Into the CSF or
i ntravenously follow ng transient mddle-Cerebral artery occlusion In the
rat, 10 both reduced the area of cell death and jnproved functional

recovery conpdred pira cbntrol7.28 £4t9x ani mal s, 100

neuroprotecti dn se@iml nl theses 57udi.o6 sugoest 4083Bak1.8%i s effect can not be
attributed to {axopgimspfoutirg3gs 0.51s would HMot3 £ds8t in|neuronal
sparing. The I[MpLgygrent 1 n *0Pzt @PAI recovery.932@.560 and 48h fol | owi ng
MCAO pr obabl y & beet-Ssuhpairede 8he-wvay StidantoPtestect i on of fered 15 by this

anti body conpared to control treated aninals. However, over tine the

ani mal s appear to inprove further, suggesting that blocking MAG activity
can also enhg&&qﬁi&%i onal recovery over tine. The studies presented here
provi de evide | ocking the actions of MAG provide both

neur opr ot ecti on anan antiMAG thohacional anﬁpw}eidﬂﬂemf%ewefﬁi@@\( IngR the G$F
agents for - acht BORVERTLLONRE FARCRIEEELEE el SRk Son i ARt |
recovery 160! hot feeucdd Bictared becdliieatiirandinsproded:funtciinry recovenyi compaead vi a
the i.v route and the resulting_|ow serum]l evel the anti uld I'n
turn suggest bxeordrabipatadapimals; M%@EH?W@PT@?&JOPﬁe?%& %\&gé)% to the
S ot o nony SHHBAERSE PR AFbcSE piyhed @ Biredroumse s puld
enhanced f unchotbrsiit iresewenal spafingy Thiedmpraseémenhin fuppiional recovery seen 24
and 48h following MCAO probably reflects the degree of neuroprotection offered
15 by this antibody compared to control treated animals. However, over time the
animals appear to improve further, suggesting that blocking MAG activity can
also enhance functional recovery over time.
The studies presented here provide evidence that blocking the actions of
MAG provide both neuroprotection and enhanced functional recovery inart
20 model of stroke, and therefore anti-MAG antibodies provide potential therapeutic
agents for acute neuroprotection and/or the promotion of functional recovery
foliowing stroke. The low amounts of antibody administered via the i.v route and
the resulting low serum levels of the antibody would in tum suggest extremely
low antibody concentrations in the brain due to the constraints of the blood brain
25  barrier for antibody penetration. Surprisingly, however, this still resulted in both,
neuroprotection and enhanced functional recovery being observed. Anti-MAG
antibodies also have potential use in the treatment of other neurological
disorders where the degeneration of cells and or nerve fibres Is apparent such as
spinal cord injury, traumatic brain injury, peripheral neuropathy, Alzheimer’s
30 disease, fronto-temporal dementias (tauopathies), Parkinson’s disease,
Huntington's disease and Multiple Sclerosis. In the examples that follow the
CDRs of the chimeric and humanised antibodies disclosed therein are the CDRs

of the antibody of example 1.
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anti bodi es al so have potential use in the treatnent o Febhesiryn200D| ogi cal

di sorders where the degeneration of cells and or nerve fibres |Is apparent
such as spinal cord injury, traumatic brain injury, peripheral neuropathy,
Al zhei ner's 30 di sease, fronto-tenporal denendas (tauopathies), Parkinson's
di sease, Huntington's disease and Miultiple Sclerosis. In the exanpl es that
follow the CDRs of the chineric and hunmani sed anti bodi es di scl osed therein
are the CDRs of the anti body of exanple 1. -41 6 February 2007 5 Exanple
2- Chinerig antibody Altered antibodies include chineric antibodi es which
conprise variable regions deriving fromone species |linked to constant

regi ons fro”]anOtmaéggﬁfifﬁéﬁi%dgﬁﬁﬁﬁéﬁkOf nmouse- human chi neric anti - MAG
| mmunogl obul i n charn e provided in Figures 1, 2, and
3. Mouse-human chineras using human 1gGl, 1g&, 1g&, 1g&A, 1gA IgE I|gM
| gD constant regi e roduced, as nmay chinmeras associating the
nouse variable r egp‘%ﬁ%c@ﬂdﬁgﬂ@‘%&im¢@ﬁn%ﬁéhﬁ vhichseampriseagriable f r om
non- human speegiess dédvifig Fofifore épaeds i $§%o '6#§mﬁ ipo add
sequence Qf a cain%%gcﬁginnunoglobU|”ﬁk eaJ%ﬁéﬁﬁfﬁ%*n Hﬁ%nﬁﬁkpnurine
ant i - MAG feaviPetifaibramples of mousedwiman chimericant-MASImmuriogiobllim chiins et
i mmunog! obul ithe fReAESH | e, .2 ith an altered formof the
hunan 1 gGl const an?ﬁérdegﬁédﬁ,b QP%& ﬁ'ﬁ@ﬁgbﬁm ampg's'%'ﬂ%hw Qﬁmem#M/e been
mutated to alhwmandoGh, lpG2eigG3) IgGeAlYAS 14k) SgROTET EGiestatt 'I\??‘Bﬁé f’ngpéeof bi ndi ng
to FcyR andpﬁﬁﬂkhgnent ﬁrﬁlein Clqg .(Duncan, AR and nter
Local i zati on*0 CIEHFRNeRy assed hatnosei vesiablg regionsiwith heawnor ng.
Nat ure 332, Tightchdl. cohSBat r‘%wmﬁoﬁ, (%*c .M, Partridge, L.J.,
Burt on, ﬁaR. and Wnter, G "Loca |satlgﬁm§$ em%Tnding site for human FcR1
gg | ggi ; ture 33@_911"9613(5@94,0 Neg?) .pr@{infles mealla':lm@add aemegng ioﬁta@l-llmer?zeade in
order to fh . an er i bo to achieve a
particular t herg(?e!%lihm%?%gﬁﬁ Hf @ﬁ'@ﬁ%ﬂ”@"ﬁ%ﬁ%ﬂé&w aff) varlableg t he
function of tegiondnesspeiated with @ fuAcionaRinmMehdaldtulin RbEes LB
Figure 2 ( Segnd \Bitﬁlg '?tg}edo%%i ges t he am nodggld sequen%@ﬁgﬁgég%@g?i o
na of the human IgG1 constant region, in which Kabat
residues 248 and 250 have been mutated to alanine in order to disable the
20  effector functions of binding to FeyRI and complement protein C1q (Duncan, A.R.
and Winter, G. Localization of the Clq binding site on antibodies by surface
scanning. Nature 332, 738-740, 1988. Duncan, A.R., Woolf, J,M., Partridge,
L.J., Burton, D.R. and Winter, G. Localisation of the binding site for human FcR1
on IgG. Nature 332, 563-564, 1988). Such mutations are optionally made In
25  order to customise the properties of an aitered antibody to achieve a particular
therapeutic effect - for exampie binding to and blocking the functien of an
antigen without activating lytic effector mechanisms.
Figure 2 (Seq ID No. 28) provides the amino acid sequence of a chimetic
immunoglobulin light chain in which the murine ant-MAG light chain variable
30 region is associated with a functional immunoglobulin secretion signal sequence,
and with the human kappa constant region.
Similarly, the anti-MAG variable regions may be associated with
immunoglobulin constant regions which lack mutations disabling effector
functions. Figure 3 (Seq ID No. 29) provides the amino acid sequence of a
35  chimeric immunogiobulin heavy chain in which the murine anti-MAG heavy chain
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i mrunogi obulin light chain in which the nurine anti-MsFélgharg 2007 vari abl e
30 region Is associated with a functional | nmunogl obuiln secretion signal
sequence, and with the human kappa constant region. Simlarly, the
anti-MAG vari abl e regions may be associated with imunogl obulin constant
regions which lack nmutations disabling effector functions. Figure 3 (Seq

I D No. 29) provides the am no acid sequence of a 35 chineric i munogl obul I n
heavy chain in which the murine anti-MAG heavy chain -42 6 February 2007 5
variable region is associated with a functional inmunogiobulin S% tion

si gnal seqslenomabm:égwntlbaasomialteuwabe functionak immunaalobiifin SeeEelen HENa Nt

region. Fromthe Infor Y d i nserts
encodi ng thesef“%ffﬂ-'ieﬁﬁq"|‘3’([,1 &R'Flay @@r@ﬁﬁ%ggﬁ%ﬁ Ié?angara m)ﬁel(-:lul ar

bi ol ogy techni ques prgi thelifforpation provised skFiglres 1ito 3, kBNArinsertrensdding t he
genetic code Is used to Identify 10 nucleotide c dons sired
ani no adds, crﬁ’@ﬁﬁﬁ@"‘!ﬁ"@rchﬁ'@élmm@ﬁﬁf@gﬁﬂ ﬁé%ﬁ%@ﬁ% tei n.
I the cDNA '“ﬁﬁﬁ kpdyin 87 Bids€ Sidlied Pﬁhe%gho'isﬂéﬂf(ihé eﬁetltadddeqslhﬁd toridentifg m

t hen particul ar avoure ons na ect &d accor di nﬁ'@@? wn codon
usage bi asHk. ﬂ’dmiecﬂidercoddnmemodimgltljedegmﬂlﬂ@ aclelsi; Greafing Ay by means

f PCR lif t f ti
gl | gonuglngo!t I h%u&ﬁg%%maggﬂgﬁﬁﬁ%wg me%l%vﬁgéem re sequgﬁgel. CThe
resul ting prodggiredsay IiRh partelaroidniss) then Psificolarly favoarthendons mayeet ach

restriction srtestofacrlltateconlng|nt t apl la for
expressi on or Salededaccording EBP@M @% ody bi nds
torat NAG In |“§@:E tH&f tﬁ(%rl % ;ﬁ@aﬁbmgfat@n lateht and
heavy chain CD% qﬁe h&' I on S pr ocguced by transient téansfectlon

of CHO cel 15. &mm;:ﬂstngswerl‘a‘ppmgfsa@em dlmhade@ﬁdeswﬁﬁ@b@ﬁé( cangigetpRresenl 1)

et ruct i ons. e dgsired sedlens TRsenifioBrogipcpy 4d pelndafed BIBERYE, ),

cul ture plat eSm néé?étcpm @mmvawslmmmwamﬂn@mwemmmmsmnod. ng
the appropriate héavy or light chain were mxed at 1:1 ratio (5g total
DNA) | n nmedi unfot exprieasion onfurthecmanipdistonsy bco  #51985-026) . Transf ast
transfection reagent was added and the sol ution

20 Example 3-Chimeric antibody binds to rat MAG In ELISA
Chimeric anti-MAG antibody containing the light and heavy chain CDRs of the
invention was produced by transient transfection of CHO cells. For this,
Transfast transfection reagent (Promega; E2431) was used and transfections

25  carried out according to manufactures instructions. In brief, ~ 10° CHO cells
were plated out per well of 6-well culture plates. The following day mammalian
expression vector DNA encoding the appropriate heavy or light chain were mixed
at 1:1 ratio (5ug total DNA) in medium (Optimem1 with Glutamax; Gibco
#51985-026). Transfast transfection reagent was added and the solution

30 transferred to wells with confluent cell layers. After 1h at 37°C in the cell
incubator, the DNA/Transfast mixture was overlaid with 2m! Optimem medium
and left for 48-72h in the incubator. Supernatants were harvested, cleared by
centrifugation and passed through 0.2 um filters. Antibody concentration in CHO
cell culture supernatant was determined by ELISA and estimated to be around

35 0.5 pg/ml. For MAG binding, commercially available ratMAG-Fc was used. Due

1o the fusion with human Fc bound chimeric antibodies could not be detected
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30 transferred to wells with confluent cell layers. AéFebridiryg2007C in the
cell incubator, the DNA/ Transfast m xture was overlaid with 2nl Opti nem
medium and left for 48-72h in the incubator. Supernatants were harvested,
cleared by centrifugation and passed through 0.2 mfilters. Antibody
concentration in CHO cell culture supernatant was determ ned by ELI SA and
estimated to be around 35 0.5 pg/m . For MAG binding, commercially
avai | abl e rat MAG Fc was used. Due to the fusion with human Fc bound
chimeric angibodies could not be detected -43 6 February 2007 5 using
anti - human gé'swﬁfawpams ergndary antibodies) Instead, -antisumarnkappal lightt

chai n- speci f i ¢hamtd Hﬁﬁodf@ | 4 t,his chinperjc

anti body bi nds togpl%g%&gven t /%%ﬁ@gﬁ%ﬁ%%ﬂﬁﬁﬁqwﬂﬂaﬂ%@ed

anti body and DifIS{toMAG eyar atat/awililionyAnneielbieatiinmtsed itbbdy shel not '
generate any gy I ' ssay. ., 10 Procedure: ELISA mcrotiter plates
(Nunc Maxi sor Sy&vq\g rsgbg%'gﬁg‘é ?R?ﬁ? W(%k Hpmfepqtgé M#@f’t gengrake any signahing R&D
systens; 538- Mty assayPBS at 4C overnight. Plates were washed twice with PBS
and then %ocked w th PBS/BSA (1% w v) for 1h at room 15 tenperature (RT).
Cul ture supernatants fromtransiently transfected CHO cells were passed

t hrough 0. 2m Pigckdsre: and serial diluted In PBS/BSA starting at neat
supernatant to 1/64 dilution. Sanple dilutions were left at RT for ih.

Plates were FEHSA migroliter plates NunaMaxistrp ) weRSBIERRIRY L) ml P4t MAG-Fc
Det ecti on ant q)sbrg@gln t anti- maaégy a light chain
speci fi c- per oxi dase §'%§g aG;38-MGY A% qvermighta Platgsowae i n
PBS/ BSA. The washedttivie vith PBS hd W ﬁla@@aw@: { | at es
washed aglqu}\ée' Substrate_solution (S gm as%?g?’ﬂ@)maﬂﬁ#&%ﬁd and
i ncubat ed*lint M edRTd @Ule superaeiantsdrone transiesthderarsfectad GHO calibien
st opped usi ngqg,wpﬁm,@h Opm. 25 Exano e 4
- Humani sed anti bodi es A J@%’”&ﬁ?“?gﬁf@%ﬁ@%ﬁ%ﬁﬁﬁé&m%w%
whi ch conpr i stpematanh e &/64dilutioh &mﬂehﬂmﬂﬂﬁ&@%ﬁ@tmmrﬁ@w re
regi ons. Exalm f@#{%ﬁum{'ﬂ sed t%mBIS MAG | nmunogl obul in chains o he
i nvention are %) fg¢ times with PBS/Tween 20 (0.1% v/v). Detection antibody was

goat antl-human kappa light chain spedific-peroxidase conjugate (Sigma A-7164)

20  diluted at 1/2000 in PBS/BSA. The detection antibody was Incubated for 1h at RT

and the plates washed as above. Substrate solution (Sigma Fast OPD P-9187)

was added and incubated until appropriate colour development was detected and

then stopped using 3M H,S04. Colour development was read at 490nm.

25 Ex eq— is tibodi

Altered antibodies include humanised antibodies which comprise
humanised variable reglons linked to human constant regions. Examples of
humanised anti-MAG immunogichulin chains of the invention are provided in

30 Figure 5 Humanised antibodies using human IgGi, 19G2, IgG3, 19G4, IgA, IgE,
IgM, IgD constant regions may be produced.

Figure 5 (Seq ID No: 30 ) provides an example of the amino acid
sequence of a humanised immunoglobulin heavy chain In which the humanised
anti-MAG heavy chain variable region is associated with a functional

35 immunoglobulin secretion signal sequence, and with an altered form of the
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30 Figure S. Humani sed anti bodi es using human | gGl, 6 FeBruayGB00¥gHA, | gA
IgE, I1gM 1gD constant regions nmay be produced. Figure 5 (Seq I D No: 30)
provi des an exanpl e of the am no add sequence of a humani sed

i mmunogl obul i n heavy chain In which the humani sed anti-MAG heavy chain
variable region |Is associated wth a functional 35 inmunogl obulln secretion
si gnal sequence, and with an altered formof the 44 6 February 2007 5
human 1 gG constant region, in which Kabat residues 248 and 250 have been
nmut at ed t&al anine In order to disable the effector functions of binding to -

FcyR  and® cAM@hgRl canstaaf redian, in whichdwbatrexidugs d44vand 2P0 heve PBRM| i zat i on
f th Cl hieh ' j ' ' ; 332,
735 740, 1088 e Rpnaanin® Ty 6%, RsAe fle S RGNS Br fldrgB e
and W nter, @ndompleraentsproteimClq (Runcan, ABi aod Winter,fGrLdcalizatioroRtheon IdgG
Na 332, - t
cust o se.t nd1Groiing sid R apoitict 0. SR sbariih, “Nen R At VB D eBog S
anant | gan W hout St oo v ar et o o R e e 5 Se
D o 32@ 2 1EPlSRHAN efcbe bindig, s ©r Brmen Eeakon dodd Nabye A3y 563-86%e | :
chai n vari ;Q%%gﬁﬁﬁ“l@?‘?g%?ﬁ Spdal) ey orderfo CHRBRARe pfirmes’™ | O
Z_ec_rle;irlon sitQﬁalD atggdambbpdsanu?dm alt%mﬂmmwmempﬂ%g?ﬁmt-dnrexmge x gon. 20

i In’rr?unogl g,bul pﬁd@@nesot%@t%l%ﬁg%mﬂ q?ie%a"ﬁﬁ%gr‘&ﬁﬁgt f@ﬁ@rq%c 89‘?‘38‘& or
functions. Fngahanism$.Seq | D No. 32) provides the ami no acid sequence of a

humani Sef i munogl obul i n. heavy chain in which the humani sed antj-MAG heavy
chai n vat?abl e r 39498 3 @esgpdiq-ﬁléabwwwmmgpfmﬁmwml in

Coretant ' ool ShARE b SRRy IO N P WAL T 97
encodi ng t hed®@i-MAGright sbalno/atable regign iseassocigied withta fusictlonthr d ol ecul ar
benet Y o et iioptih setrBHON soRal'sadiéncd, dnd ln'the hiifiah kappa Corstant’ ' "°
region.
20 Similarly, the anti-MAG variable regions may be associated with
immunoglobulin constant regions which lack mutations disabling effector
functions. Figure 5 (Seq ID No. 32) provides the amino acid sequence of a
humanised immunoglobulin heavy chaint in which the humanised anti-MAG heavy
chain variable reglon is associated with a functional immunogiobulin secretion
25  signal sequence, and with a wild-type form of the human IgG1 constant region.
From the information provided in Figure 5, cDNA inserts encoding these
humanised chains may be prepared by standard molecular biology techniques
well known to those skilled in the art. Briefly, the genetic code Is used to identify
nucleotide codons encoding the desired amino acids, creating a virtual cDNA
30 sequence encoding the protein. If the cDNA insert is desired to be expressed in a
particular organism, then particularly favoured codons may be selected according
to known codon usage biases. The desired nucleotide sequence is then
synthesised by means of PCR amplification of a template comprising overlapping
synthetic oligonucleotides which, as a contig, represent the desired sequence.
35 The resulting product may also be modified by PCR or mutagenesis to attach
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nucl eoti de codons encoding the desired am no acids, crERebfithrg 2007 ual cDNA
30 sequence encoding the protein. If the cDNA insert |Is desired to be
expressed in a particular organism then particularly favoured codons nay
be sel ected according to known codon usage bi ases. The desired nucl eoti de
sequence |Is then synthesised by neans of PCR anplification of a tenplate
conprising overlapping synthetic oligonucleotides which, as a conti g,
represent the desired sequence. 35 The resulting product nay also be

nodi fied by PCR or mnutagenesis to attach -45 6 February 2007 5
restrictior sifedEcia sitesitpifecitateglening fite asuitable plaseis @r BRREERSIEN Phr

expressi on or lftHértrHEﬁi (BRbmul ations. Exanple 5 @ Humani sed anti - MAG
ant i bodi es b| to rat pang ﬁm&m 10 MAGin Elisa 1) Direct binding ELISA

to rat MAG Fc fusion protein of nornmalised anounts of culture supernatant -
for 9 hunani sed heavy and Iight chain conbinations 15 Humani sed anti-MAG
anti bodi es cont ai ni ng t he Ilght and heavy chal n CDRs of the Invention wer e

produced by t Examisials §{ Han ] @ 1AG s A £ 1d Kfna
transfectign rﬁagent . Prorrega E 4 and tfanstectrons carried
out accor dPn ng ctures Instructions. In brief, - 106 CHO cells 20
were plated out per well of 6-well culture plates. The follow ng day

mammal i an  expression vector DNA encoding the appropriate heavy or |ight
chai n were ni ¥2direct Hinding ELISA $g rabMAG-Bxfusion peoteimof aprmalised wi t h

G utamax; G bco 5- Transf ast ect | n dded and
the solution raéﬁ‘gll"ié @gc'ﬁb"{ﬁew%e%aﬁf“cr&ﬁﬁs {] "8@‘{ EF%V\S mﬁl’& 1lh at
37C In the cel I chainl eenmibihstions he DNA/ Transfast m xture was overi al d wth
2ml Optingm medium and left for 48-72h in the incubator. Supernatants were

har vest edy > cleared by centrifugation and passed through 0.2 pmfilters. 9
e inans L hSHlmASRR S ARG G LR AQ TR AT Sl 2RE,
regi ons wer e therinvention iwere prodiiced by drafisignt teansfé@ion of CHO cells. For this,
Transfast transfection reagent (Promega; E2431) was used and transfections
carried out according to manufactures Instructions. In brief, ~ 10° CHO cells
20  were plated out per well of 6-well culture plates. The following day mammalian
expression vector DNA encoding the appropriate heavy or light chain were mixed
at 1:1 ratio (5ug total DNA) in medium (Optimem1 with Glutamax; Gibco
#51985-026). Transfast transfection reagent was added and the solution
transferred to wells with confluent cell layers. After 1h at 37°C In the cell
25 incubator, the DNA/Transfast mixture was overlaid with 2ml Optimem medium
and left for 48-72h in the incubator. Supernatants were harvested, cleared by
centrifugation and passed through 0.2 pm filters. 9 heavy and light variable chain
combinations were produced from the sequences shown In the table below and
the IgG1 heavy chain constant reglons were functional according to Seq.ID .

30
Seq ID No (V-regions) Description Alternative name
13 Humanised Vh Bvhi
14 Humanised Vh BVh2
15 Humanised Vh BVh3
16 Humanised Vi Cvii
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Seq ID No (V-regions) Description Alternative nanme 13 Febaumryc200h BVhl 14
Humani sed Vh Bvh2 15 Humani sed Vh Bvh3 16 Humanised VI CVI1 -46 6
February 2007 17 Humani sed VI CVv12 18 Humani sed VI CVI3 19 Humani sed VI
Cvi4 5 Antibody concentration was determ ned by ELI SA and the anmounts of
supernatant used in the assay normalised to a starting concentration of 250
or 500 ng/m (depending on concentration of culture supernatant). As
antigen, 10 conmercially avail able rat MAG Fc was used (R&D Syst ens;
538-M5). Due to the fuysion of this antigen wth-huppa-fe—bound—chimer
anti bodi es cqu7d not be det ectedHU@aWQQCE\é'neral ant cfwamam | gG secondally
anti bodi es. |xasteat—anti—htman Lgit—chai n-p IT1c anti body S
used. Flgure é‘%shows that all 9 ﬁ@ﬁran?ésde anti bodi ﬂdgﬂgxam' ned_here baldind
to rat MAG wiftfg very simlar bi npfHmgadisedvir ves down| €44N Ong/ ml . The
chi meric antithac ence—showed—pbt-Atthg—characterTstiTS 1 hat
fell withi® the group of humani sed antibodi es exami ned here. Although not
absolute, this may suggest that the affinities of the humanised antibodies
exam ned here lie very closely within the affinity range of he

non- hunani sed Antibady concentratiordyrasidetermined by theaBOUNIB 9B ocedur e

Fusi on prot ei PP aRSNEseRy BBl E o g Zondinighion o P20 BEC 2
70 L, SISy et ot e e
anounts df C@DU%F%CEM@W#QP greMARFewag M#ﬁ?ﬁ@%n%‘i r?}gﬂagﬁ er and
added 10 the  dRleiFPthis'Gidgentilthixfish P, tRARE NineichbGAIEs O 50t b/
detected using general anti-human IgG secondary antibodies. Instead, anti-
human kappa light chain-specific antibody was used. Figure 6 shows that all 9
humanised antibodies examined here bound to rat MAG with very similar binding
15 curves down to ~ 4ng/ml. The chimeric antibody used as a reference showed
binding characteristics that fell within the group of humanised antibodies
examined here. Although not absolute, this may suggest that the affinities of the
humanised antibodies examined here fie very dosely within the affinity range of
the non-humanised chimeric antibody used as a reference here.
20

Procedure
96-well Nunc Maxisorp plates were coated overnight at 4°C with rat MAG-Fc

fusion protein (1 pg/mi; R&D Systems; Cat.No. 538-MG) In PBS. Plates were
washed twice with PBS containing Tween20 (0.1% v/v; PBST) and blocked with
25 PBS containing BSA (1%wj/v) for 1h at room temperature (RT). Variable amounts
of culture supematants were serial diluted in blocking buffer and added to the
blocked wells starting at approximately 500 or 250 ng/ml. Antibody
concentrations of supematants were based on independent assays measuring
the amount of humanised antibody present in each culture supematant. Chimeric
30 mouse-human (non-humanised) antibody was also induded as reference.
Antibody samples were incubated 1h at RT and plates then washed 3x with
PBST. Secondary antibody (Goat anti-human light chain specific-peroxidase

c
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concentrations of supernatants were based on i ndependgFebasHdy200®aSUri Ng
the amount of humani sed antibody present in each culture supernatant

Chi meri ¢ 30 nouse- human (non-hunani sed) anti body was al so incl uded as
reference. Antibody sanples were Incubated 1h at RT and pl ates then washed
3x with PBST. Secondary antibody (Goat anti-human |ight chain

speci fic-peroxi dase -47 6 February 2007 5 conjugate; Signma A-7164) was
added diluted 1/5000 In blocking buffer and Incubated for 1h at RT. Wlls
were washed three tinmes as above and binding detected by addlng substrate

(OPD t abl ebs aq’ray@ateealga@owwﬁgﬂa%addedtdﬂum 145000 indlegiingrbuffes 2hd  Col our
devel opnent Col our
devel opnent ﬁ re 43@%171‘;@% ‘g%@‘l.%& sﬂgq &E)l I'ng aE%P@Qe?%A ra@ﬂé/l&(} Fc

f usi on protei detettetl\hy aﬂding‘sudadtraﬂalmﬂm tabldtwdissioww@cmrdingctdynshuaﬂgnsl i ght .
chai n conbi nag.j on ni sed antibodi es con I N and
light chain v ipf"(?} é;’ﬁémﬁﬁﬁupa Pgt %@’ﬁtﬂ@?@ %ﬁd'e%vﬁﬁ/%ﬂpfﬁ(tabl e
figure 5) anduéﬁ'lva:gﬂlélilz@@q'Cﬂ)@urd@@éléérﬂéﬁtme@ﬂaﬁﬂgﬁmﬁ”p' ified by

SEQ 1.D. NQ 30 ( chis BVvhl/CVI1 nutated 1gG, those skilled in the art

can read|1@ derive the sequence for the BVvh3/CVI3 20 equivalent) were
produced by a scal ed-up version of the transient transfection described In
exanple 3 and purified using protein A affinity chromatography. Purified
anti body material was dial ysed agai nst PBS and the concentration

ngi mi | ana us oA Desk PG ELIGA oAb MABLATIGIdR RoRr SaBlhiihEd | 0 000

shows 25 that phunfanisedanticMAG antibodwhehvvdlghtaihaiﬂ\ﬁoﬁtblaaﬂonhat bot h
heavy an ight chain variabl e region conbinations tested here are
extremnel im' lar. Method: 96-well Nunc Maxisorp plates were coated

overni ght at s Mirhinisad afdNedles coﬁﬁstfdgsdfcﬂéapyf ﬁﬁ@Hﬁht(cﬁaﬁ vajablk rediél Syst ens;
Cat.No. 538-M3 In PBS. Plates were washed twi ce with PBS containing

Tween20 (0. 19@hbinatippsBYhHENTIanst BB/ GV BK{(tabiesfiowrs i) andiaygutsd oGl v) for
1 h at room \EARSHAEGIOR d<Eemplititd by 8EQ.1.D.NO:30 (which is BVh1/CVIL mutated

1gG1, those skilled in the art can readily derive the sequence for the BVh3/CVi3

20 equivalent) were produced by a scaled-up version of the transient transfection
described In example 3 and purified using protein A affinity chromatography.
Purified antibody material was dialysed against PBS and the concentration
determined by OD280 reading. Antibody concentrations were adjusted to 5000
ng/ml and used as seral dilutions in a rat MAG-Fc binding ELISA. Figure 7 shows

25 that purified antibody material binds rat MAG-Fc and that both heavy and light
chaln variable region combinations tested here are extremely similar.

Method:
96-well Nunc Maxisorp plates were coated overnight at 4°C with rat MAG-Fc
30 fusion protein (2.5 pg/ml; R&D Systems; Cat.No. 538-MG) In PBS. Plates were
washed twice with PBS containing Tween20 (0.1% v/v; PBST) and blocked with
PBS containing BSA (1%w/v) for 1h at room temperature (RT). Purified
humanised antibody was adjusted to a starting concentration of 5 ug/mi in
blocking buffer and then serial diluted. Antibody samples were incubated 1h at
35 RT and plates then washed 3x with PBST. Secondary antibody (Goat anti-human
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humani sed anti body was adjusted to a starting concent 6tdbiraapy 20079/ M | n
bl ocking buffer and then serial diluted. Antibody sanples were incubated 1h

at 35 RT and plates then washed 3x with PBST. Secondary anti body (CGoat
anti-human -48 6 February 2007 5 light chain specific-peroxidase
conjugate; Sigma A-7164) was added diluted 1/5000 in bl ocking buffer and

I ncubated for 1h at RT. Wells were washed three tines as above and bi ndi ng
detected by adding substrate (OPD tablets dissolved according to

I nstructions; %na P-9187). Col our devel opnent was nonitored  and the

reaction st®pphgh u:@aingpsﬁrr H@gwda@mugaiewﬁgmprfemﬁﬁa@a&mdaj uted 490nm

F(ra:lrjrle;[/\xs)r Kk B(r)rL[]at [ onsrl WHQPHQ%@HQ%B%@§@%%QV€%@% %@%&% esults

are sle_en ijn 18mEes gma;mvéaluﬁ&biﬁdlngda@cted ng\mmter(mﬁgwgs ﬂlbﬁbiwedd| s of
normal il se anpunt O C 1 a r t uman] se e an

o ohai e i todferodonse SRR e A Ok dlpbRTERt Has mPriR éd| | ght
chai oI nat arrWhedesttion 86brih ussRHESO, EoUFAReIGBRIGHE waS jedceat o

culture sg{)er nat ant s agai nst human "MAG ~express

cells. OnARINMSE cul ture super nat ant used for each anti body was

normal i sed based on anti body concentrations determ ned 25 by EL.|SA. For
this, 96-well plates (Nunc Maxisorp) were coated overnight at 4C wth goat
anti - human | gR¢sydtsen) chain (Sigma 1-3382; in bicarbonate buffer pHI.6;

2g/m). Follo shedtwlce wth hbuff r (PBST)
and bl ocked biﬂ"ggag’%‘d Iﬁurﬁéliw ER"H@QBH'P?BF%( \ﬁ ing BSA 1%
w v) for 1h atmmtaon&rmwbhoﬂm?mhimnapbmmr@rtowm@em@&esdl& Hietghehlin DI ocki ng
30 buffer start| ng di lution neat or Y2 n duplicate. Ab standard was

purified | gGl anti body of an unrel ated specificity and known
concentrati on -49 6 February 2007

3) Binding to human MAG expressed on CHO cells of normalised
amounts of culture supernatant for two humanised heavy and light

chain combinations
20

The same humanised variable heavy and light chain combinations described in
example 5 2) were tested as deared culture supematants against human MAG
expressed on the surface of CHO celis. The amount of culture supemnatant used
for each antibody was normalised based on antibody concentrations determined’
25 by ELISA. For this, 96-well plates (Nunc Maxisorp) were coated overnight at 4°C
with goat anti-human IgG (gamma) chain (Sigma 1-3382; in bicarbonate buffer
pH9.6; 2ug/ml). Following day, plates were washed twice with wash buffer
(PBST) and blocked by adding at least 75 blocking buffer (PBS containing BSA
1% wjv) for 1h at RT. Antibody sample solution were serial diluted in blocking
30  buffer (starting dilution neat or 12) in duplicate. Ab standard was purified

humanised 1gG1 antibody of an unrelated specificity and known concentration.
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5 The standard solution was also serial diluted acrosé February 2007 ng at
500ng/ M. Al antibody solutions were incubated for 1h at RT. Plates were

washed 3x as above and then incubated with goat anti-human |ight (kappa)
chain specific (free and bound) peroxidase conjugate (Sigma; A-7164) at
1/5000 In bl ocking buffer for 1h @RT. Plates were again washed 3x as
above and incubated with 10 substrate solution (OPD tablets; Sigma P-9187
until strong col our devel opnent. Col our devel opnment was stopped by addi ng
250 3M H2SO4 and the plate read at 490nm Figure 8 shows that both

ant i bodi es 5 esthecstandasd selutionwasg alse iseral diiuted aorass plate staring, 2l 3008a/Mml-ar 1 n
their binding characteristics. CHO - are negative controls of 15 CHO cells
with no MAG exAlrartibody sotatitnsdvdreiincdibated|for biaatRTHBIgkkes dGremashed 3x @s ( Cost ar
3595) were filled with 100l cell suspension/well (see table below for .

recommended cedpbove b Gierf inculipted Withigog: @tshymam liglitykappa) 2hai@ speciflg (fredbay
cell nunmber/m 1 3 x 105 1 x 105 3 5x 104 14 1x104 20 Culture nedi um

2
\(A?g%; eng\éid(i‘%id%al\lé@?%%i ockq"Ldgat EL;# eé;;)lR.Zgr&gﬂﬁlo/ur a![h)%T. Bl oclgin%gFCS

Lut : . “e0 6
igb‘#h;?Sh%é7*@‘3@5@@P%@%@?@%ﬁé&éﬁﬂ%ﬁ%ﬁﬁWﬁ-@ H o ver

3 . .

were 11 xedbu erEbats sOfton ROFIP btk GRE e ST R Ba ooy depthente. 2
4C and [ h b . 501/ wel | ' ' d
ant | body di 1 uB0UT AevrspeTa s stphmed tycpsor2ael SHEEESO ST he e 1eat So, sa,
0.1g/1, Tween 20, 7.86ng/|l 10 DTPA at pH 7.3) was added and I ncubated for 1

h at 4C. Washéb4PInmees as above and added 200i Del phl a enhancenent

solution/well.
Figure 8 shows that both antibodies tested here are recognising human MAG and

are very similar In thelr binding characteristics. CHO/- are negative controls of

15  CHO cells with no MAG expressed.

Method for Eu cell-based ELISA
96-well plates (Costar 3595) were filled with 100ul celi suspension/well (see table
below for recommended cell number for performing assay on days 1, 2, 3 or 4).

Day cell number/mi
1 3x105
2 1x105
3 5x 104
4 1x104

20
Culture medium was removed and plates blocked with DMEM/F12 (Sigma D6421)
containing FCS (10%), BSA (1%), NaN3 (1%; blocking buffer) for 1 hour at RT.

Blocking solution was then removed and sample added (in blocking buffer
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| ncubated solution at RT for 5 - 10 m nutes. Wells waRebreacy @00fI n 24
hours on a Victor . 15 4) Conpetition ELISA for binding to rat

MAC- Fcfusion protein of two purified humani sed anti bodi es and the

non- humani sed nouse nonodonai anti body Method: 20 96-well Nunc Maxl sorp
pl ates were coated overnight at 4Cwith rat MAGFc fusion protein (2.5
pg/ m; R&D Systens; CatNo. 538-M5 in PBS. Plates were washed twice with
PBS cont ai ni ng Tween20 (0. 1% v/v; PBST) and bl ocked with PBS contai ni ng
BSA (1% v) for 1h at roomtenperature (RT). Purified humanised anti body
was adj ustsed spai/wello Icibatsditsapples at20Qrigy 1th, Blatesnere dhen washedgbaWithy ol une
with conpetitor nolecules made up In bl ocking buffer ranging from 6000 to

0 ng/ni. Cony illsfhﬁ torEhltaakadher, Al wash Uil werefikechwith 8B%body
(anti - MAG g?@gn u rsaFgéteﬁrmuse nonocl onal ,:ﬁs{ﬁi body (I NN1) at the sane

fggﬁggt (ragtiiﬁsgg{f%%%@!hes [rhpg?]g)i/vasﬁeg 3X wa%twgg%g%%?g?dﬁseanti body
Co i 30 : . e . : e

h 7‘1‘24?“&%'3 aaa%a”%abtvﬂgéarchf%ﬁ-eéﬁﬁﬁﬁé%h Sefdan) ab8ay gﬂ‘é‘@.ﬂﬁ"éﬁﬁfé’?‘e“d“d" ?‘gr 1h
Zledi ng substS Pﬁé&%S‘HEIbtéffeg%-%QE’L{%E&Q;I&@%%O@&&HW%?'\%?}% cordiyng to
i nstructions; Sigma P-9187). Col our devel ?B?r}glnéﬂgg measured at 490 nm

Resul t s: 10BoCAPA@tiPH 53) wias pdded, anyl B ual |y conpeted by the
original nmouse 10 nonoclonal antibody but not by a nobuse nonocl opal

ant i body t hawdshed platesasatbove aindmeded 260p)\Delphia enirangamentsolutigniwethows t hat

the original nmouse nonoclonal antibody and the hunmani sed anti bodi es tested
here are propahib¥ted SORAMDAI FIRTOFol - ERmMinutes. (Wells werd reads withiny24hbours eBr y
simlar affinities to rat MAG -52_ 6 February 2007 CLAI M5

a Victor .

15 4) Competition ELISA for binding o rat MAG-Fc fusion protein of two
purified humanised antibodies and the non-humanised motise

- monocional antibody

Method:
20 96-well Nunc Maxisorp plates were coated overnight at 4°C with rat MAG-Fc

fusion protein (2.5 pg/ml; R&D Systems; Cat.No. 538-MG) in PBS. Plates were
washed twice with PBS containing Tween20 (0.1% v/v; PBST) and blocked with
PBS containing BSA (1%wj/v) for 1h at room temperature (RT). Purified
humanised antibody was adjusted to a concentration of 200ng/ml and mixed at
25  equal volume with competitor molecules made up In blocking buffer ranging from
6000 to 0 ng/ml. Competitors were either parental mouse monodional antibody
(anti-MAG) or an unrelated mouse monoclonal antibody (INN1) at the same
concentrations (BVh1/CVI1 only). Antibody/competitor solutions were incubated
1h at RT and plates then washed 3x with PBST. Secondary antibody (Goat anti-
30 human light chain specific-peroxidase conjugate; Sigma A-7164) was added
diluted 1/5000 in blocking buffer and incubated for 1h at RT. Wells were washed
three times as above and binding detected by adding substrate (OPD tablets
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1. A humani sed anti-Mag anti body or functional fragne6itFdbireaep2007 ch
conprises: a heavy chain variable domain (VH) which conprises in sequence
hypervari able regions CDRHL as set out in SEQ ID NGO 4, CDRH2 as set out In
SEQ ID NO5, and CDRH3 as set out in SEQID NO 6, and a light chain

vari abl e domain (VL) which conprises in sequence hypervari abl e regions

CDRL1 as set out In SEQID NGO I, CDRL2 as set out in SEQ ID NG 2, and
CDRL3 as set out in SEQID NO 3. 2. An antibody of claiml1l which is
nonocl onal . An anti body or functional fragnent thereof according to

claim1 or 25 \Ah‘i"%ﬁ?'\@grﬁ‘iﬁ@fgw todngteustions; ISigma Pe182)IColove gevelopmentrwas ng one
of the follo equences QVQLVQSGSELKKPGASVKVSCKASGYT TJ

M WROAPGOO EIESTHA ok

TGEPTYADDFTGRFVFSLDTSVSTAYLQ SSLKAEDTAVYYCARNPI NYYA NYEGYV  MDYWGQGTLVTVSS -
(SEQ I D No 13).ReSMift:VOSGSEL KKPGASVKVSCKASGYTFTNYGVNWRQAPGOGL EWVGW NTY
TGEPTYADDFTGRE?B?ADT@%TA Q SSLKAEDTAVYFCARNPl NYYG NYEGYV |\/DYV\[II5TLVTVSS
(Sequence | D PrEAloUR orCRqRly Tempata v heARg0s IBvasAN |

(sequence 1D o 1Erg Raeont W%?%u s e s ks oc EX?X.S‘E’Q

to claim3 furtpelated fﬁmgsae dugsh B. aﬂussmomrmmeongmamoaﬁmrl sing

am no acid Seq or

DI vwrr%msmvsﬂ@éﬁ#ﬂ@b@%ﬁ@ﬁm IRPaibedigs-testadigre are probably
STRESGVPDRFSGSES6H WWﬁ | 16)
Di VMI'QSPDSLAVSLGERATI NCKSSHSVL S LAWY PGP ﬁlﬁméﬁé &F\%t M_—Aé\b

TRESGVPDRFSGSGSGTDFTLTI | NLQAEDVAVYYCHQYLSS GQGTKLEI KR TV( SEQ DNo12)

DI VMTQSPDSLAVSL GERATI NCKSSHSVL YSSNQKNYL AW QQKPGQPPKLLI YW
ASTRESGVPDRFSGSGSGTDFTLTI SSLHTEDVAVYYCHQYLSSLTFGQGTKLEI KR TV (SEQ | D No
18) D[ VMIQSPDSLAVSLGERATI NCKSSHSVL YSSNQKNYL AWYQQKPGQPPKLLI YI W
ASTRESGVPDRFSGSGSGTDFTLTI | NLHTEDVAVYYCHQYLSSLTFGQGTKLEI KRT ~ V( SEQ DNo19)
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5. An anti body according to any precedi ng cl ai m conpré Febeuary53087Febr uary

2007 a heavy chain variable fragnment conprising SEQ ID NO 13, 14, or 15
and a constant part or fragnment thereof of a human heavy chain and a |ight
chain variable fragnment conprising SEQID No 16, 17, 18, or 19 and a
constant part or fragment thereof of a human Iight chain. 6. An antibody
accordi ng t aizgmspr ecedi ng cl aimsel ected from anti bodi es conpri si ng:

Heavy chain vari “vari abl e region conprising Seq ID No 13 and light chain
variable region conprising Seq ID No 16; Heavy chain variabl e region

Klgmi; i SLQQ Seth Dhmaa@embl -nhaggmm&dy@kmn&wﬂhﬁmgmehﬂ%mﬁgrw{mrmgipﬁmﬂt Seﬂ I'D
avy chaip_var e on, CONPL.i.Si n an chain

variabl e region E P+' §§$°T"B‘"rﬁ85p ic I-@&\P sgﬁréwuglaqei B?‘Ea"}a@%

conpri sing Seq | agibiss CI:BRHmds bét@bt in GE 1D Nmm(athmez HLEHE O In SEQPDIND: ﬂ.@n&eq I'D

o bt ey, S EEd e £ETBNRER TR w8 e g agl) bl "
conpri si ng Seqhidbni}sluséMn asiehcegiypereiriabie m@zpn%ﬂdblﬂ.ﬁa.‘@ebmt IrcSBQ i INmEt Seﬂ I D
No 17; He . . n
vari abI e ?\éél gn%ﬁc}%ﬂr%grs:sgﬂ"’g"ég%d ftﬁ"ﬁg@@ é‘?&%@%ﬁ&ﬁd’l‘\gﬁé’ﬂ%ﬂ@&r :agi onC *

conprising Seq ID No 14 and light chain variable region conprising Seq ID

No 19. Heawy ch fw 1.ng Seq ID No 15 and fight chain
& %@nﬁlﬁfdy@&&m iﬁgswé&%{—leavy chain vari abl e region

vari abl e region "conprrsin
conprising Seq ID No 15 and Ilght chain variable region conprising Seq ID

No 17; He h L Sl | hai

Vari abl o ragi on’h nttRll Biforafd iaGn g Wisect sBlrdiiilo clin of 2wl coinfiles h 7
conpri sing Seq fbeawy %Qﬂ&ﬁgﬁﬂqmmim&nﬁ fq!levglmnmlr@camﬂegw@&eeq | D
No 19.

QVOLVQSGSELKKPGASVKVSCKASGY TFTNYGMNWVRQAPGQGLEWMGWINTY
TGEPTYADDFTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYCARNPINYYGINYEGYV

MDYWGQGTLVTVSS (SEQ ID No 13).

QVQLVQSGSELKKPGASVKVSCKASGYTFTNYGMNWVRQAPGQGLEWMGWINTY
TGEPTYADDFTGRFVFSLDTSVSTAYLQISSLKAEDTAVYFCARNPINYYGINYEGYV

MDYWGQGTLVTVSS (Sequence ID No 14)

QVQLVQSGSELKKPGASVKVSCKASGYTFTNYGMNWVRQAPGQGLEWMGWINTY
TGEPTYADDFTGRFVFSLDTSVSTAYLQISSLKAEDTATYFCARNPINYYGINYEGYV

MDYWGQGTLVTVSS (sequence [D No 15)

4, An antibody or functional fragment thereof according to claim 3 further comprising a
light chaln variable region comprising amino acid Sequence ID No 16, 17, 18 or 19:

DIVMTQSPDSLAVSLGERATINCKSSHSVLYSSNQKNYLAWYQQKPGQPPKLLIYW
ASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCHQYLSSLTFGQGTKLEIKR

TV (SEQ ID No 16)

DIVMTQSPDSLAVSLGERA'I'INCKSSHSVLYSSNQKNYLAWYQQKPGQPPKLLIYW
ASTRESGVPDRFSGSGSGTDFTLTINLQAEDVAVYYCHQYLS _LIFGQGTKLEIKR
TV(SEQID No 12)

DIVMTQSPDSLAVSLGERATINCKSSHSVLYSSNOKNYLAWYQQKPGQPPKLLIVW
‘ ASTRESGVPDRFSGSGSGTDFTLTISSLHTEDVAWYCHQYLSSLTFGQGTKLEIKR

TV (SEQ ID No 18)

DIVMTQSPDSLAVSLGERATINCKSSHSVLYSSNQKNYLAWYQQKPGQPPKLLIYW
ASTRESGVPDRFSGSGSGTDFTLTIINLHTEDVAVYYCHQYLSSLTFGQGTKLEIKRT

- V(SEQIDNo 19)
5. . Anantibody according to any preceding claim comptising:
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7. A pol ynudeoti de encodi ng the heavy chain vari abl e & Bebnareg®a07 si ng
Sequence ID No 15. CAGGIGCAGCTGGTGCAATCTGGGTCTGAGT TGAAGAAGCCT GGGEGCCTCAGT

GAAGGT TTCCTGCAAGSCT TCTGGATACACCT TCACTAACTACGECATGAACTG

GGT GCGACAGGCCCCT GGACAAGGGECT TGAGT GGATGGGAT QGATGAACACCT
ACACCGGECGAGCCCACCTACGCCGACGACTTCACCGECCCGTTTGICTTCTCC 54 6 February 2007

TTGGACACCTCTGT mmﬁvmmﬁmmmm4 or 15
GACACTGCCGTGT. A'I(;% , 0 oee . TCAAC

TACGAGGGCTACGT . TEEEG
pol ynudeot i de sé@fh@hﬂfécmfmwlahlg fmg@em@pmnm %E@ﬂl]ﬂe A€el?) Eﬁ.r%ﬁa“d a:

GAAGGTTTCCT GCAAGGCT T ] ACTG
GGT GCGACAGGCCCCT GGACAAGGGECT TGAGT GGATGGGAT GGATCAACACCT

ACACCGECCAGCCCALIC, W Wﬁ Q"JE&JJ grﬁ:gntlbodles comprising:
TTGGACACCTCTGTCA TATCT( TCA

GACACT GCCGT GTATHeRYY - A stqul chain variable region
TACGAGGGCTACGT Giyhigridihg WAGGGCACACTAGTCACAGTCTC CTCA 9. A

ol ynucl eoti de sequence encod ng the amno add S nce .| D No
pc:AGéTgGAGCTIGGTM Es&légfﬁgr@!m;! MEJhE chain vanable reg?on
GAAGGTTTCCTGCA W@T TCACT AACT ACGGCATGAACTG

SSTACCG&C:AE;A %ﬁ@ﬂ OB ORI zadjght chain variable reglon
TTGGACACCTCTGT “B-NBT@AGATCACI:ACI:CTAAACIBCTGAG

TACGAGOOCTACCT HRFALSTE Xl SBleR GO R SRR g
TACGAGGGCTACGTBE?&E@%CGA EFRYagRple Ralon
pol ynucl eot i de comprishg&eqdDiNeoigaci d Sequence I D No 16 Is:

CACAT COT AT AT i vaiable ragion Sasthofisiig eq 1D K614 and light chain variable reglon

comprising Seq ID No 16;
Heavy chain variable region comprising Seq ID No 14 and light chaln variable reglon

comprising Seq ID No 17;
Heavy chain variable region comprising Seq ID No 14 and light chain variable region

comprising Seq ID No 18;
Heavy chaln variable reglon comprising Seq ID No 14 and light chain variable region

comprising Seq ID No 19.
Heavy chain variable reglon comprising Seq 1D No 15 and light chain variable region

compiising Seq ID No 16;
Heavy chain variable region comprising Seq ID No 15 and fight chaln variable reglon

comprising Seq ID No 17;
Heavy chain variable reglon comprising Seq ID No 15 and light chain variable region

comprising Seq ID No 18;
Heavy chain variable region comprising Seq ID No 15 and light chain variable region

comprising Seq ID No 19.

7. A polynuclectide encoding the heavy chain variable region comprising Sequence ID
No 15.

CAGGTGCAGCTGGTGCAATCTGGGTCTGAGTTGAAGAAGCCTGGGGCCTCAGT
GAAGGTTTCCTGCAAGGCTTCTGGATACACCTTCACTAACTACGGCATGAACTG
GGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAACACCT

- ACACCGGCGAGCCCACCTACGCCGACGACTTCACCGGCCGGTTITGTCTITCTCC
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GGCCACCAT CAACT GCa4 GAGCACOCACAGCGT GCTGTACAGCAGCAACCAG§ February 2007
AAGAACTACCT GGCCT GGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCT
CATTTACTGGGCAT CTACCCGGGAAT CCOGOGT CCCTGACCGAT TCAGTGGCA
GCGGGTCTGGGACAGAT T TCACT CTCACCAT CAGCAGCCT GCAGGCTGAAGATG
TGGCAGTTTATTACTGTCACCAGTACCT GAGCAGCCTGACGT! TGGCCAGGGGA
CCAAGCTGGAGATCAAWWTELTCA&% AIGHATATCTRCAGAT GARCA

GGCCACCATCAACTOX A { S
AAGAACTACCT GGCC'@MCCAGCAGAAACCACISACAGCCT CCT AAGCT GCT

CATT TACT GGGCAT CTACOCGGGAAT COGGGGT CCCT GAQCGAT T CAGT GCCA
GCGGOTCTGCAACAGATPPItdgetide sequenesancadingthes R PRINPOSE

TGGCAGT TTATTACT GRaFSAREC I SHEE A STE ST AN EIKCCCTGGGGCCTCAGT
CCAAGCT GGAGAT CAGNAGENGPEESGLAAS GTITLTAGATACACC TECACTAAQTADEGCAIGAASER | D No
18 is: GACATCGHe GRBASMSECICCICAATANCTEOCITGAGTCOATCEEATEGMI CAACACCT
GGCCACCAT CAACT GABAGKELRSSABCCCACT AT GTAGACHBITBRACHGGCCGGTTTGTCTTCTCC
AAGAACT ACCT GGCCTEGEACASCTAEAMGACAECAGOATATCUGOAGATCGABCAGCCTAAAGGCTGAG

CATTTACT GGGCATCEAWRW@AMMWTAGMGG%MGMG
GCGGGTCTGGGACAGHACGAGET b EBAGBCOAGEGOR S TAGTNOMGTETL007

GTGGCAGTTTAI TACEETAACCAGT. ACCT GAGCAOCCT OA Tf GGCCA00G
GACCAAGCTGGAGATCAAACOTACGGTG 13. A pol ynucl eoti de encodi ng am no acid SEQ

ID No 15 | GACA ACTC

GGC@C@TC%AG&R&M PR IR ARR S

AAGAACTACCTGGCCGMMCAGUKG@MMGWG@BM@M@&GCCT GGGGCCTCAGT
CARGBITTCNGBATADAG WTACGGGATGAACTG

GCGGGT CTGCGACAGBGBTGCAE ATRGRGATGGATCAACACCT

TGGCAGI TTATTACTRTARGGEGH (¥ ' GGTITGTCTITCTCC
CCAACCT GGAGATCM GTCAGCACGGCATATCT GCAGATCAGCAGCCT AAAGGCTGAG

GACACTGCCACCTATTTCTGTGCGAGAAACCCCATCAACTACTACGGCATCAAC
TACGAGGGCTACGTGATGGACTACTGGGGCCAGGGCACACTAGTCACAGTCTC

CTCA
10. A polynucleotide encoding amino acid Sequence ID No 16 is:
GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTETGTCTCTGGGCGAGAG

GGCCACCATCAACTGCAAGAGCAGCCACAGCGTGCTGTACAGCAGCAACCAG

GAACTACCTGGCCTGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCT

AAGAACTACCTGGGC
CATTTACTGGGCATCTACCCGGGAATCCGGGGTCCCTGACCGAT TCAGTGGCA
GCBGGTCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGGCTGAAGATG

- TGGCAGTTTATTACTGTCACCAGTAGCTGAGCAGCCTGACCTITGGCCAGGGGA
CCAAGCTGGAGATCAAACGTACGGTG

11. A polynudleotide sequence encoding amin acid SEQ ID No 17 is:

GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTBTGTCTCTGGGCGAGAG
GGCCACCATCAACT GAGCAGCCACAGCGTGCTGTACAGCAGCAACC
AAGAACTACCTGGCCTGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCT
CATTTACIGGGCATCTACCCGGGAATCCGEGBGTCCCTGACCGATTCAGTGGCA
GCGRETCTGGGACAGAT T TCACTCTCACCATCATCAACCTGCAGGCTGAAGATG
TGGCAGTTTATTACTGTCACCAGTACCTGAGCAGCCTGACCTTTGBCCAGGGGA
CCAAGCTGGAGATCAAACGTACGGTG

12. A polynucieotide encoding amino acid SEQ ID No 18 is:

GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTRTBTCTCTGGGCCACAG
GGCCACCATCAACTGCAAGAGCAGCCACAGCGTGCTGTACAGCAGCAACCAG
AAGAACTACCTGGCC TGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCT

. CATITACTGGGCATCTACCCGGGAATCCGGEGTCCCTGACCGATTCAGTGGCA
GCGGGTCTGGGACAGATTTCACTCTCACCATCAG CAGCCTGCACACCGAAGAT
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14. A pharmaceutical conposition conprising an alter eglFabiuar@Edemt i body or
functional fragnment thereof according to clains 1-6 together with a
pharmaceutically acceptable diluent or carrier. 15. A nmethod of treatnent
or prophylaxis of stroke and other neurological diseases/disorders in a
human whi ch conprises adm ni stering to said human in need t her eof 8

ef fective anpuntGTEGBAGERIATTINGDCISACEAGTACEIBAGEAGCETAACCTIRGGCE GG

i ncl udi ng al tereﬁﬁlﬂm@@m%GATCMQﬁlﬁGGﬁTﬁ f ragment thereof 16. The use
of an and- MAG anti body according to clains 1-6, including altered

anti bodi es 1%r A polymutiedidalentadingrasmino adik$EQD Na 161 pr epar atlon of a

medi canent for treatnment or prophyl axis of st roke and ot herr I ol ogi cal

di seases/ di sor dS3ACATCETGATRAGRSHAGHCTCAMAAGTIGLS rﬁﬁff oc-u‘ Achd -] A RLgRO"
pronoting funct IWQ%MG AAGAGEAGE é.:u-‘-?s- Ll 3IAGAGS R antgersk of
devel oping, a s VYNswa S .. o 3,& DacA
conpri ses adni niCATETA SCATCTAGCESSGAATCS | SANEsfsount
of an anti-MAG &AGGCHy %@@6@6@65; g%q,zigﬁ% ATEATCAN \C(l‘. s A

anti bodi es or aTEGAGIIRATTAE c FGAGELIGALCTITCS 3GhG
anti body accor diRGABSTRGAGAT CAABCATACGR g altered antibodies or a

functional fragnment thereof in the preparation of a nmedl ownent for
i nhi bi tingq4neu ?ﬂ&ﬂ%@u@hl‘&ﬁm@ﬁﬁﬂrﬂﬁ Q@énﬂ&r&dﬁmtmahﬂhudpmmm}iom a

neur ol bgi cal o St ec apranado S ERIsgebpr i Plofeclei BEpR08 ° 1!

stroke or ot hergipenrdrlagieeal di sease/disorder in a human conprising the
step of parenteral adm nistration of a therapeutically effective anount of
an anti-MAG anti body to said human. 56 6 February 2007 20_ The net hod of

dai m 22 whesei nA hiethoddF iredWhéntan probhylyxis of strokd anidatiter edurblogicalvenousl y. 21,
The net hod of cl.aim or 1 V\/nerin he ot her .. j
di seasel di sorde‘#‘sﬁeééﬁﬂré Mﬁﬁc%@%b%ﬁ%ﬁ%eﬂ: brai n
injury, spinal tﬁ@'édfan‘&f&blﬁfemuatoﬂbsaﬁsma‘armw acenpling4o claimaeh@ i as
(tauopat hi es), al ath ease Hunti ngton's
di sease and rrdf’)'g‘l‘cw %Eqdear"géqc@& E*’"&%@W prom)tl ng axonal sprouting
conprising the step of contacting a human anon wth an anti-MAG anti body
of claims f5 10 fie use of an ant-MAG antibody according to clalms 1-6, including altered antibodies
or a functional fragment thereof in the preparation of a medicament for treatment or
prophylaxis of stroke and other neurological diseases/disorders.

17. A method of inhibiting neurodegeneration and/or promoting functional recovery in a
human patient suffering, or at risk of developing, a stroke or other neurological
disease/disorder which comptises administering o said human .in need thersof an
effective amount of an anti-MAG antibody according to claims 1-6, including altered
antibodies or a functional fragment thereof.

. 18.  The use of an anti-MAG antibody according to claims 1-8, inciuding aifered antibodies
or a functional fragment thereof in the preparation of a medicament for inhibiting
neurodegeneration and/or promoting functional recovery In a human patient afflicted
with, or at risk of developing, a stroke and other neurological disease/disorder.

19."  Amethod of treating or prophylaxis of stroke or other neurological disease/disorder in

a human comprising the step of parenteral administration of a therapeutically effective
armount of an anti-MAG antibody to said human.
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23. The method of dakn 22 wherein the nethod is In W\Webrbary 2007

20.

21,

23,

The method of claim 22 wherein the ant-MAG antibody is administered intravenously.

The method of claim 16, 17 or 19 wherein the other neurclogical disease/disorder is

selected from the group consisting of;
traumatic brain injury, spinal cord, Alzheimer's disease, fronto-tempora! dementias

(tauopathies), peripheral neuropathy, Parkinson's disease, Huntington's dissase and
multiple sclerosis.

A method of promoting axonal sprouting comprising the step of contacting a human
axon with an anti-MAG antibody of dlaims 1 {0 6.

The method of clakm 22 whereln the method is fn vitro.
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