1 ANTIBODY ("I IC7") ANTI NOGO AND | ST PHARMACEUTI CAL USE Thi s invention
rel ates to NogoA bi ndi ng nol ecul es, such .as for exanpl e nonocl onal

anti bodi es or Fab fragnents thereof. Neuronal regeneration follow ng injury
in the adult central nervous system (CNS) is limted due to the presence
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Potential new research approaches currently pursued for enhancement of nerve repair
include digestion of scar tissue using an enzyme chondroitinase ABC, bridging techniques
using Olfactory ensheathing cells and stem cells and protein growth factors to boost
neuronal growth. Blocking actions of neurite outgrowth inhibitors by modulation of
intracellular signalling mediators such as Rho , a membrane-bound guanosine
trisphosphatase (GTPase), which appears to be a key link in the inhibition of axonal growth.
Cyclic adenosine monophosphate (cAMP) which can overcome myelin associated inhibition
in vitro and induce regeneration in vivo. Use of peptide inhibitor of the NgR receptor (NEP 1-
40) to induce neuronal regrowth and functional recovery in rats following spinal injury.

In addition to the use of the approaches described above, attention has also focused upon
the use of certain monocional antibodies to neutralize neurite growth inhibitory molecules of
the central and peripheral nervous system, in particular to neutralize the neutrite growth
inhibitory activity of NogoA. Thus it has been shown that the monoclonal antibody IN-1 or the



WD 2004/ 052932 PCT/ EP2003/ 013960 -2 IN-1 Fab fragment thereof induce
neurite outgromh in vitro and enhance sprouting and regeneration in vivo

( Schwab I 996) Physiol. Rev. 76, 319-370). stin i fferent
domai ns gﬁvﬁﬁgﬁ%ﬁé% for neurite growth inhibitory aci Wﬁ@%”ﬁ%l I neat ed
several inhibitory domains in the nolecule (Chen et al. (2000) Nature 403,
434-439; G andPre eta |. (2000)" Natus®-403, 439-444; Prinjha et al.
(2000) Nature 403, 383-384; see also detailed analysis in Exanple 1).
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are held in close proxmty by the framework regions which largely adopt a B-sheet

conformation. The CDRs of a heavy chain together with the CDRs of the associated light
chain essentially constitute the antigen binding site of the antibody molecule. The
determination as to what constitutes an FR or a CDR region is usually made by comparing
the amino acid sequence of a number of antibodies raised in the same species. The general
rules for identifying the CDR and FR regions are general knowledge of a man skilled in the
art and can for example be found in the webside {hitp://www.bioinf.org.uk/abs/).

It has now surprisingly been found that a novel menoclonal mouse antibody (hereinafter
called “11C7”) raised against a polypeptide fragment of rat NogoA (SEQ ID NO: 1) and of

the lgG1 type has better properties than the NogoA antibodies of the prior art especially with
regard to the binding affinity to NogoA of different species including the homo sapiens and
with regard to its higher NogoA neurite outgrowth neutralizing activity at a given antibody
concentration. Moreover it is now possible to construct other NogoA binding molecules
having the same hypervariable regions as the said antibody.



with regard to its higher NogoA neurite outgrowmh neutralizing activity at
a given antibody concentration. Mreover it is now possible to construct
ot her ' nol ecul es having the sane hypervary ,ons as the
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I nvention prOV|des bi ndi ng nol ecules to a particular region or epitope of
NogoA (hereinafter referred to as "the 8t nding Ml ecules of the invention"
or sinply "Binding Molecules"). Preferably the Binding Ml ecules of the

i nvention bind to human NogoA 623- 640 (orthol ogous fragnment against which
11C7 was raised; = SEQ I D NO 6) human Ni g- D20 (orthol ogous to the
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antigen bindi'ng site, said antigen binding site conprising in sequence, the
hypervari abl e regions CDRLl-11C7, CDR2-1 C7 and CDR3-11 C7; said CDR1-11

C7 havi Nor 36 e ol Tof ﬁﬁm @nt%lxze%hﬁ? i gﬁgg.l ving the
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aci d sequencd, BEePree al 0-1 rag{ml @yangnere preferably at 0.01 mg/ml culture medium)

enhance the number of neurites of rat cerebellar granule cells on a substrate of rat spinal

cord protein extract by at least 20%, preferably 50%, most preferred 100% compared to the
number of neurites of rat cerebellar granule cells which are treated with a control antibody
that does not bind 1o the human NogoA, human NiG, human Nig-D20 or NogoA_623-640
polypeptide (i.e. that has a dissociation constant > 1000 nM).

In a further preferred embodiment the Binding Molecules of the invention comprises at least
one antigen binding site, said antigen binding site comprising in sequence, the hypervariable
regions CDR1-11C7, CDR2-11C7 and CDR3-11C7; said CDR1-11G7 having the amino acid
sequence SEQ ID NO: 8, said CDR2-11C7 having the amino acid sequence SEQ ID NO: 9,
and said CDR3-11C7 having the amino acid sequence SEQ D NO: 10; and direct
equivalents thereof.

In a further aspect of the invention, the Binding Molecule of the invention comprises at least
one antigen binding site, said antigen binding site comprising either



equi val ents thereof. In a further aspect of the invention, the Binding
Mol ecul e of the invention conprises at |east —one antigen binding site,
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CDR2-11 C7 and CDR3-11 C7; said CDR1-1107 having the am no acid sequence
of SEQID NO 8, said CDR2-1 1 C7 havingd-the am no acid sequence of SEQ ID
NO 9, and said CDR3-11 C7 having the am no acid sequence SEQ I D NO 10;
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of SEQ I D%Od”%eq“"éﬂlﬁ;l‘%%ﬁ ofp 11 C7 having the anino acid sequence of
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t her eof any a second domain comprising in sequence the hypervariable regions CDR1'-11C7,
CDR2'-11C7 and CDR3'-11C7, said CDR1'-11C7 having the amino acid sequence of
SEQ ID NO: 11, said CDR2'-11C7 having the amino acid sequence of SEQ D NO: 12,
and said CDR3'-11C7 having the amino acid sequence of SEQ ID NO: 13; or

¢) direct equivalents thereof.

Moreover, the invention also provides the following Binding Molecule of the invention, which
comprises at least one antigen binding site comprising

a) either the variable part of the heavy chain of 11C7 (SEQ ID NO: 2); or

b) the variable part of the light chain of 11C7 (SEQ ID NO: 3), or direct equivalents thereof.

When the antigen binding site comprises both the first and second domains, these may be
located on the same polypepiide molecule or, preferably, each domain may be on a different
chaln, the first dormain being part of an immunoglobulin heavy chain or fragment thereof and
the second domain being part of an immunoglobulin light chain or fragment thereof.

Examples of Binding Molecules of the invention include antibodies as produced by B-cells or
hybridomas and chimeric or humanized antibodies or any fragment thereof, e.g. F(ab'),; and
Fab fragments, as well as single chain or single domain antibodies.



t he second domai n being part of an inmunoglobulin |ight chain or fragnent
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5 A single chain antibody consists of tle variable domains of an anti body
heavy and |ight chains covalently bound by a peptide linker usually
consisting of from10 to 30 am no acids, preferably from 15 to 25 am no
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shoul o be A aa 4 aRBLY Bairs e FardBl X i of 3b ehitsoch Reaw ABERGAG Doy~
I's meant ahainaoevaleotly bounddy apeptitie lidenesualiy consiptiog of fodm he /0 aminb iagids,
chains or pP%ﬁP@fnﬁa nPl5 ﬁ%fﬁé b&h@ Th\éi‘?a'rclrs sﬂjgﬁa‘éﬁ[x&ﬁ%' @egﬂgﬁhél&de gboth

heavy and I ns are
"humani zedgobasiantiped ¢! thedhegwaand 'lﬂlilt ehaunsmdyt l$ he!wnettthat the SM@BMBAelsabtb&r

regi ons u A
subst ant i al | ?Esgﬁgé c?tﬁﬁf}h%gﬂﬂg‘eo %taﬁérn}@mr?g“ac t'% EI"‘ffgall'%'e const ant
regi ons arﬁdtl[?qw imwijah {heconsiantreaiopueiipas orlight Wﬂszﬂﬁ beth ageaeliumean arigh. ¢ he

framewor k yifig@tRNAariaiis Bohing %ﬁB&h %a\grl did lighttHBRS b?eeé# n%ﬂi hpRshY er&%unhéwever
retain a few am no acjds of ne seqguence in artso

f r amewor k oreleg%'mméajza‘é @ﬂfeb%“ i H@aﬁﬁs@f@awvdﬁ w@*qhé% @f&ewalt@ﬁﬂ% r%ms:im e
regi ons rrmﬁnhg) eiié&f)ﬁdrfiﬁtﬁga e, nﬁlﬂ?ﬁe}@r@d\ ahild slPsrRBstkntifig b HS ottﬁ#ﬁé@éétb' y of
muri ne or human orj gin r arewor are descr

e equencedhrmgbloBil e Grhe st IR BN Hedferll Sortrgpd B o hayaraple s
depar t mrentdopkinegad. tha fmmlev#mhmg]mrakeaemmamlym A HrmﬂdrﬁzledaarbudqmayNat i onal :
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heavy chain of the Binding Molecules may be of the IgG4 type, including subtypes,
preferably the constant part of a human light chain may be of the x or A type, more
preferably of the k type.

Monoclional antibodies raised against a protein naturally found in all humans may be
developed in a non-human system e. g. in mice. As a direct consequence of this, a
xenogenic antibody as produced by a hybridoma, when administered to humans, elicits an
undesirable immune response, which is predominantly mediated by the constant part of the
xenogenic immunoglobulin. This clearly limits the use of such antibodies as they cannot be
administered over a prolonged period of time. Therefore it is pérticularly preferred to use
single chain, single domain, chimeric or humanized antibodies which are not likely to elicit a
substantial allogenic response when administered to humans.

In view of the foregoing, a more preferred Binding Molecule of the invention is selected from
a chimeric antibody, which comprises at least



adm ni stered over a prolonged period of time. Therefore it is particularly
preferred to use single chain, single domain, chimeric or humanized
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sai d CDR3- 1larfilfio ahid\sequerich¢SE@IIDMNC1dBH osequence (SEQ ID NO 10); and b) a

second do n sequence the hypervariable CDR1' -11 C7,
CDR2' -11 @%& ﬁ@”@%’ﬂgl‘ﬁ%& said CDR1'-11C7 having the am no aci d

sequence (SEQ ID NO 11), said CDR2' -11 C7 havi ng the am no acid sequence
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a) a first domain comprising in sequence the hypervariable CDR1-11C7, CDR2-11C7 and
CDR3-11C7; said CDR1-11GC7 having the amino acid sequence (SEQ ID NO: 8), said
CDR2-11C7 having the' amino acid sequence (SEQ ID NO: 9), and said CDR3-11C7 -
having the amino acid sequence (SEQ 1D NO: 10); and

b)- a second domain comprising in sequence the hypervariable CDR1'-11C7, CDR2-11C7
and CDR3'-11C7; said CDR1'-11C7 having the amino acid sequence (SEQ ID NO: 11),
said CDR2'-11C7 having the amino acid sequence (SEQ ID NO: 12), and said CDR3'-
11C7 having the amino acid sequence (SEQ ID NC: 13); and

c) a peptide linker which is bound either o the N- terminal extremity of the first domain and
to the C-terminal extremity of the second domain or to the C-terminal extremity of the
first domain and to the N-terminal extremity of second domain;

or direct equivalents thereof.

As it is well known, minor changes in an amino acid sequence such as deletion, addition or
substitution of one or several amino acids may lead to an allelic form of the original protein
which has substantially identical properties. Thus, by the term "direct equivalents thereof" is
meant either any single domain Binding Molecule of the invention {molecule X)



to the CGtermnal extremty of the second domain or to the C-termnal
extremty of the first domain and to the N-termnal extremty of second
domai n; or oy spetegui val ents thereof. As it is well kng WP HodiPeghanges
in an am no amcf sequence such as deletion, addition or BStItUtIOI’l of
one or several amno acids may |lead to an allelic form of the ori gi nal
protein which has substantlally i denti-dal properties. Thus, by the term
"direct equivalents thereof" is meant either any single dormai n Bi ndi ng

Mol ecul e of the Invention (nolecule X) WO 2004/ 052932 PCT/ EP2003/ 013960 -7
(i) in whi@gh eachhidi eddheof hypieypenmiiatid myiveg ICDFR , CORR, aiDBRPR3@N the@®@iitBngf t he

noml ogous, - meEelBIF B AR50 of So R ol BRBIAGEHS oy RaGFhRRonoBne " o < he
equi val ent hypmreyaneramwlxeatlegst@ﬁs%;ﬂ?@ﬂ?&g%mmo@@(zs td]hu@qulsa)lentCDm 11 C7

to CORL-1L c7, Mgt edoncd dOIFI 103 (R0 EMo: B EERS el o0
CDR3- 11 C7; anénd CPR3HICTHSES IDANAI0p vérrassiRisteguivhlentia GORINGEHA,  human
Ni G human N Gopgfis eauwélmcﬁiﬁmw?éoﬁé%edmfeﬂmt&ryn%167 aand' ssoci ation

constant (Kd) < 1000nM nore preferab nM
pr ef er abl yihwi t Whigh @c&pa@@ %k Rindige iihe hﬂmﬂ |N’i’§°ﬁd?‘é@€m M’G@ﬁumﬁ'é NiGT@@Pptqfon

having at | eashufhu® NSGoRI 623-620/ prefchdi tfﬁé&r@sdd’&ﬂbﬁ%’n‘ts@antﬁ(&)<(1dob}um' momch
each of the hy r CDR2' CDR3'

ariabl e CERS CDR1'
is at |east SOBEﬁferBHV/é"‘P’EBﬁﬁ{dogé%“MﬂP‘éﬁté’Fegﬂﬁéyé{‘{“ B E 188 Rbrol ogous nor e
pr ef er abl yanpbintiag siolétle Sbhe BVentiBB hadiatilctentwocddmdins pdrdireiig stal(@blkcule
hypervari ghi e regions of CDR1-11 C7 (SEQ ID NO 8), CDR2-11C7 (SEQ I D NO
9), CDR3-1¥ C7 (SEQ ID NO 10), CDRI'-11C7 (SEQ ID NO 11), CDR2'-11C7
(SEQ | D N@) 12)n whicideadBRR#e HypeQaridBH@giobs NOR118PR2\WEBREaEDBDRIDRY’ and

i val ent o GO P (o iAo ConS, dierohfy crygd Sy T olobbilirs

equi val ent to QRRaably 4t least 9SOPR'97] 98, 88%i ideritieaitio the aODRBlent ypEariatiel (| v)

whi ch is capab BRD:N 9OHR , or
human NogoA_GZEé:gé%ol?bﬁﬁﬂﬂzﬁ)?th%‘th algzl sso%?g?? ﬂ?:gﬁr)]yp% (dl}\ < 1000nM
nor e (SEQID NO 10), CDR1 -11C7 (SEQ ID NO: 11), CBR2'-11C7 (SEQ ID NO: 12), and

CDR3-11C7 (SEQ ID NOQ:; 13), whereas CDR1 is equivalent to CDR1-11C7, CDR2 is
equivalent to CDR2-11C7, CDR3 is equivalent to CDR3-11C7, CDR1’ is equivalent fo
CDR1-11C7, CDR2’ is equivalent to CDR2’-11C7, CDR3' is equivalent to CDR3'-
11C7; and

{iv)  which is capable of binding the human NogoA, human NiG, human NiG-D20, or
human NogoA_623-640, preferably with a dissociation constant (Kd) < 1000nM, more
preferably with a Kd < 100 nM, most preferably with a Kd < 10 nM.

Thus further embodiments of the inventions are for example a Binding Molecule which is
capable of binding to the human NogoeA, human NiG, human NiG-D20, or human
NogoA_623-640 with a dissociation constant < 1000nM and comprises at least one antigen
binding site, said antigen binding site comprising either
» in sequence the hypervariable regions CDR1, CDR2, and CDRS3, of which each of
the hypervariable regions are at least 50%, preferably 80, 90, 95, 96, 97, 98, 99%
homologous to their equivalent hypervariable regions CDR1-11C7 (SEQ ID NO: 8),
CDR2-11C7 (SEQ ID NO: 9) and CDR3-11C7 (SEQ ID NO: 10); or
» In sequence the hypervariable regions CDR1’, CDR2’, and CDR3¥’, of which each of
the hypervariable regions are at least 50%, preferably 80, 90, 95, 96, 97, 98, 99%



preferably with a Kd < 100 nM nost preferably with a Kd < 10 nM Thus
further enbodinents of the inventions are for exanple a Binding Mlecule

which is 3hsfasRk, binding to the human NogoA, human Iﬁwﬁm N G D20,
or human ﬁ@goALgé%-640 wi th a dissociation constant < ?%ﬁhﬂ ang;conprlses
at |l east one antigen binding site, said antigen binding site conprising
either in sequence the hypervariable rdlyi ons CDR1L, CDR2, and CDR3, of

whi ch each of the hypervariable regions are at |east 50% preferably 80,
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NogoA, hurpp Me&g human Ni G D20, or human NogoA 623-640 with a

di ssoci ation"constant < 1000nM and conprises a first antigen binding site
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(SEQ I D NO  10)egiéadcDA1-3 8GR @ﬂi N@eB @Uﬁi‘-ﬂ@)fa’sﬁz@a IBAND! 9)Hind COFB-PREUENCe
t he hypervari abI e regI ons of whi'ch each of the

hypervari abl e (8gRIANCID) é‘f’dleast 50% preferably 80, 90, 95, 96, 97, 98,
99% honol ogouls ats‘écéﬁt%rft &quinma{;@mé corﬁm@m@wé @eihé arfaBBIreg éﬂeD? (SEQ

ID NO 11), CDR2' rf-la@ﬂ a % NO 13).
Thi s di ssoci at |Ct9$ o Feof é*ﬁ‘F'éﬁfc %@Y“’é’@b‘eﬁe@%q "Hﬁ§t !§§§tays
i ncl udi ng; for sowpfﬁﬂérebly Bhesdpesmsnrgsagd%Mbmyslogmmdha valk@dl i n the

cxampl e L L ashiaie £RE Do IR0 AR IS 4 o TiEb G tBRE A

Mol ecul es nay
' and CDR3-11C7 (SEQ ID NO: 13).

. This dissociation constant may be conveniently tested in various assays including, for
example, the bicsensor affinity method described in the example 7. In addition, the binding
and functional -effect of the Binding Molecules may be shown in a bioassay, e.g. as
described below.

The constant part of a human heavy chain may be of the y1; y2; y3; v4; al; 02; & or € typse,
preferably of the y type, more preferably of the y4; type, whereas the constant part of a

-human light chain may be of the K or A type (which includes the A1; A2; and A3 subtypes) but
is preferably of the K type. The amino acid sequence of all these constant parts are given in
Kabat et al (Supra).

Conjugates of the binding molecules of the invention, e. g. enzyme or toxin or radioisotope
conjugates, are also included within the scope of the invention.

“Polypeptide®, if not otherwise specified herein, includes any peptide or protein comprising
amino acids joined to each other by peptide bonds, having an amino acid sequence starting
at the N-terminal extremity and ending at the C-terminal extremity. Preferabiy the



descri bed bel ow. The constant part of a human heavy chain may be of the y1;
y2; y3; y4; al; a2; 6 ore type, preferably of the y type, nore preferably
of the y4, eas the constant part of a hunan may be
of the K o‘$%?type whi ch includes the Al; A2; and AS sug?&%gggﬁg&m IS
preferably of the K type. The am no aC|d sequence of all these constant
parts are given in Kabat et al (Supra).?Conjugates of the binding

nol ecul es of the invention, e. g. enzynme or toxin or radioi sotope
conjugates, are also included within the scope of the invention.
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humani sed (al so call ed CDR-grafted) nonocl onal antibody. The hunani sed

( CDR- gr af treghctidRaQehonis oﬁﬂbb@ﬂ%ﬂndgﬁy uSdd HER%n Meludb® s R ufceHaving'a MUt ati ons
I ntroduced into r amewor sequences of the acceptor antibody. A

functi onalquﬁ'g?tf"ﬁé’ﬂqk?%c%ﬁctﬁl'%kﬁ‘l%BWWVH@ Rolypertifeda tiag prepet inygetionsir| ecul e
having a navia tHebilveokind o MeRimarcio £At Murhén nmnmmawmdahmop@ Npept i de to

t he prese 1 Ittobndto e human NogoOA,
huran N aNogA 344 Astrictapel fatglive i B AN RSP SARE T Bor | vat v

i ncl udes fpbtpgpsmUsaecrmldumtmtthdpreeamhm@stmf Fmgmepﬂd qoyeipd redgonaethindheig to the

t t hi f
e e | ASAHE8 P RARAPA AL e R AP AT . hFepe B BB, °
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heavy chain, preferab have at a about Y nore preferab at | east
about 75%chaipareterbly haye st eae!tﬂb?utaEiS 4, dnpse Peefrsably gblegst r@ﬁ@lﬂ’f 7&@@@%@% at
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hunman invention, e.g. of a specified sequence, and substantially retain the ability to bind the human
NogoA, human NiG, human NiG-D20, or human NogoA_623-640.

The term "covalent modification” includes modifications of a polypeptide according to the
present invention, e.g. of a specified sequence; or a fragment thereof with an organic
proteinaceous or non-proteinaceous derivatizing agent, fusions to heterologous polypeptide
sequences, and post-translational modifications. Covalent modified polypeptides, e.g. ofa
specified sequence, stilt have the ability bind to the human NogoA, human NiG, human NiG-
D20, or human NogoA_623-840 by crosslinking. Covalent modifications ars traditionally
introduced by reacting targeted amino acid residues with an organic derivatizing agent that is
capable of reacting with selected sides or terminal residues, or by hamessing mechanisms
of post-translational modifications that function in selected recombinant host cells. Certain
post-translational modifications are the result of the action of recombinant host celis on the
expressed polypeptide. Glutaminyl and asparaginyl residues are frequently post-
translationally deamidated to the corresponding glutamyl and aspartyl residues. Alternatively,
these residues are deaminated under mildly acidic conditions. Other post-translational



NogoA, human NM5 human Ni G D20, or human NogoA 623-640. The term "coval ent
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const r ued agidsy Ter@ning arige arq iggntifed Rpaithes Hip wellipewh giggigrieites enibrrecletter ogr ans
for the aljgrBnsare well known. "Amino acid(s)" refer to all naturally
occurring L-a-amno acids, e.g. and including D amno

The term "amino acid sequence variant” refers to molecules with some differences in their
amino acid sequences as compared to a polypeptide according to the present invention, e.g.
of a specified sequence. Amino acid sequence vatiants of a polypeptide according to the
present invention, e.g. of a specified sequence, still have the ability to bind to human NogoA
or human NiG or more preferably to NogoA_623-640. Substitutional variants are those that
have at least one amino acid residue removed and a different amino acid inserted in its place
at the sarne position in a polypeptide according to the present invention, e.g. of a specified
sequence. These substitutions may be single, where only one amino acid in the molecule
has been substituted, or they may be muliiple, where two or more amino acids have been
substituted in the same molecule. Insertional variants are those with ohe or more amino
acids insertéd immediately adjacent to an amino acid at a particular position in a polypeptide
according to the present invention, e.g. of a specified sequence. Immediately adjacent to an
amino acid means connected to either the a-carboxy or a-amino functional group of the

amino acid. Deletional variants are those with one or more amino acids in a polypeptide



acids. The amno acids are identified by either the well known
single-letter or three-letter designations. The term "am no acid sequence
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e.g. of a specified sequence. Am no acid sequence variants of a
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sequence, still have the ability to bind to human NogoA or human N G or
nore preferably to NogoA 623-640. Substitutional variants are those that
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aci d. Del edrgannh fof @kpragdien.ar e those with one or nore amno acids in a
pol ypepti de WO 2004/ 052932 PCT/ EP2003/ 013960 -11 according to the present
i nvention, e.g. of a specified sequence, renmoved. Odinarily, deletional
vari ant s v klveheyenerhmanner ivorecene accoadinglg pdeided ed i n a particul ar regi on of

th I | e. i_ndi le. N ti d.b
recorbi nant! DR VERCH SR il dgthon BEERG ARTesieYer o BTG
encodi ng t he bichain®inding Mclatule ofiibe ingentioopmbeavy ot Eght cirim oeilagmetes thereof of
appropriate CO'Atéil%ing?Wfé@@g%?thﬁrﬂﬂ/eﬁﬁcﬁnﬁﬁc?rred into a suitabl e host

on. Inawv

organi sm for express ery general manner, there are accordingly
provi ded ((i)) Dibe vasl ofdhe BNA@testlen gf thediveglian fgoiaiprodsickini of Bindiegul e of t he

i nvention, a Siwcﬁle &Qﬁéiﬂﬁéﬁiﬁﬁbﬁ@mWBﬁﬁﬂlrﬁeﬁg. the invention, a heavy or
r t° of

|l i ght chain or agnment's thereo a Binding Mol ecule of the invention;
and (ii) the use of the DNA nol ecul es of the invention for the production

of a Bi ndig prddehesies @fe driv8 shichfat the Bkl mATNITBE ABRo BPARASsIze the DNA
molecules of the invention given the information provided herein i.e. the amino acid
sequences of the hypervariable regions and the DNA sequences coding for them. A method
for constructing a variable domain gene is for example described in EP 239 400 and may be
briefly summarized as follows: A gene encoding a variable domain of a monoclonal antibody
of whatever specificity is cloned. The DNA segments encoding the framework and
hypervariable regions are determined and the DNA segments encoding the hypervariable
regions are removed so that the DNA segments encoding the framework regions are fused
together with suitable restriction sites at the junctions. The restriction sites may be generated
at the appropriate positions by mutagenesis of the DNA molecule by standard procedures.
Double stranded synthetic CDR cassettes are prepared by DNA syntﬁlesis according to the
sequences given CDR1-11C7, CDR2-11C7, CDR3-11C7, CDR1'-11C7, CDR2-11C7 and
CDR3-11C7 above. These cassettes are provided with sticky ends so that they can be
ligated at the junctions to the framework by standard protocol for achieving a DNA molecule
encoding an immuneglobulin variable domain.

Furthermore, it is not necéssary to have access to the mRNA from a producing hybridoma
cell line in order to obtain a DNA construct coding for the monoclonal antibodies of the



The present state of the art is such that the skilled man wll be able to
synt hesi ze the DNA nol ecules of the invention given the information
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Thus, onceya, DN eﬁ%‘déﬁ‘leﬂ{ oftthE IV EMRAL the PedombinBhEREL R0 ﬁ1e ?%Bﬁion of

convenlent1y transterre appropriate expression vect nmol ecul es
encodi ng s$evae ef the ﬁlnﬁmﬁr\\ﬂql?ﬁbﬂﬁsé’é thedpveatierningludes fsgand geesndddtih gensiructggs hods,
for exanpl gescASedsskis:i bed in WO 88/ 1649. In a particul ar enbodi nent of the
i nvention, the reconbi nant neans for the production of sone of the Binding
Mol ecul es of the invention includes first and second DNA constructs as

The first DNA. construct encodes a heavy chain or fragment thereof and comprises

a) a first part which encodes a variable domain comprising aliernatively framework and
hypervariable regions, said hypervariable regions comprising in sequence DNA-CDR1-
11C7 (SEQ ID NO: 15), DNA-CDR2-11C7 (SEQ ID NO: 16) and DNA-CDR3-11C7 (SEQ
iD NO: 17); this first part starting with a codon encoding the first amino acid of the
variable domain and ending with a cadon encoding the last amino acid of the variable
domain, and

b) a second part encoding a heavy chain constant part or fragment thereof which starts with
a codon encoding the first amino acid of the constant part of the heavy chain and ends
with a codon encoding the last amino acid of the constant part or fragment thereof,
followed by a non-sense codon. -

Preterably, the second part encodes the constant part of a human heavy chain, more
preferably the constant part of the human y4 chain. This second part may be a DNA
fragment of genomic origin (comprising introns) or a cDNA fragment (without introns).



descri bed bel ow. The first DNA. construct encodes a heavy chain or fragnent
t hereof and conprises a) a first part which encodes a variable donmain

conpri si ng @l ik pabivel y framework and hypervariabl e rg@r b(ﬂ
hypervari abl e regi or%s conprising in sequence DNA-CDR1- 11C p%ﬂgé%@

15), DNA-CDR2-11C7 (SEQ ID NGO 16) and DNA-CDR3-11C7 (SEQ 1D NG 17) “this
first part starting with a codon encodridg-the first am no acid of the

vari abl e domain and ending with a codon encoding the last am no acid of the
vari able domain, and b) a second part encoding a heavy chain constant part
or fragmnerthetsbesrRidNAbOrErust encbdes light c!@airmdmgncﬁmméirmahdneorﬁmrs% am no

id of th tapt .part of th hali d it h d
encodi ng Phed MALRrEIRB e B arnlas SRS Brro B S5 At Bl Heme PR alor
foll ;)we? by Iaypeurarlslﬁelmtmdmld hﬁmefaaalaiblrgg:onshememnglm spauenceriAleDR he o
const an ar art o
t he humanloy4‘Hc(gfT S%dq*r"ﬂi?@ S ton par 116? @mﬁéfrag tﬁ%@s@ﬁ% P
origin (conplSEQ WOth)oﬁh@)ﬂrﬁmadmwlﬂ"e@m efopdinibe flrailan‘n)‘wss)cld GMhle
2004/ 052932 BGILHER ﬁig Qﬂ:sé%gﬂlg viths cddfon Sh @ﬁ'ﬁ HNAsCARR a\g\ﬁ ﬁ@enc&gea i ght

chain or fragment conprises a) afirst par
vari abl e don@@fRiIR@dri si ng al ternatively framework and hyper vari abl e

regi ons; | 11 C7
(SLTS (B Elssusng A ainR, 4 R efidn gg&mn@m& ArRARIERER P ol L C

ID NO 19), Qqﬁf)Pg epeqding e figst §qucﬁb° mqwnatavemw AR Ard endstithani no
acid of the au@ddnmb@m%tmu&tanﬁhm $t9ne\bdntaft SAES TraRitePElingebot fRowekst
abl e

am no acid of the vari dormain, and b) a second part encoding a |ight
chai n consta'?ﬁaB%ﬂ?erlﬁ?c?‘?'%rrent t hereof which starts with a codon encodi ng
the first amno acid of the constant- part of the Iight chain and ends with

a codon e di he | mno.acid of .the on ant or fragnent

t hereof f I@S(ﬁg@'{hﬁfe%&?&? eéﬁg%esctba%nstwg?rg? ebflg;naq Eﬁ'tgl&%r{ﬂorﬁart encodes
t he const pndfenablytheofonatahtpeechofl thg humameicgin.nore preferably t he constant
part of the human K chain. The first or second DNA construct advantageously

conprises a third part which is | ocated
The first or second DNA construct advantageously comprises a third part which is Jocated

upstream of the first part and which encodes part of a leader peptide; this third part-starting
with the codon encoding the first amino acid and ending with the last amino acid of the
leader peptide, This peptide is required for secretion of the chains by the host organism in
which they are expressed and is subsequently removed by the host organism. Preferably,
the third part of the first DNA construct encodes a leader peptide having an amino acid
sequence substantially identical to the amino acid sequence of the heavy chain leader
sequence as shown in SEQ ID NO: 21 (starting with the amino acid at position -19 and
ending with the amino acid at position —1). Also preferably, the third part of the second DNA
construct encodes a leader peptide having an amino acid sequence as shown in SEQ ID
NO: 23 (light chain, starting with the amino acid at position -18 and ending with the amino
acid at position —1).

Each of the DNA constructs are placed under the control of suitable control sequences, in
particular under the control of a suitable promoter. Any kind of promoter may be used,
provided that It is adapted to the host organism in which the DNA constructs will be
transferred for expression. Howaver, if expression is to take place in a mammalian cell, it is
particularly preferred to use the promoter of an immunoglobulin gene.



upstream of the first part and which encodes part of a | eader peptide; this
third part starting with the codon encoding the first am no acid and

endi ng W t hyd BRshded, am no acid of the |eader peptide. PEJ?)E%O‘B\AEBb@e |s
required for secretl on of the chains by the host organismin I ch

are expressed and is subsequently renoved by the host organism Pref erably,
the third part of the first DNA const rudf-encodes a | eader peptide having
an amno acid sequence substantially identical to the am no acid sequence
of the heavy chain | eader sequence as shown in SEQ ID NO 21 (starting

wi th the affietesined ehtbdbdypmay be produtd iamcell evitlire gr iniat trarspeniaanimal. Aciudakaid
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encodes a ving an amn ce as SEQ ID
NO 23 (I |lgactm@watpﬁgg%thamtragdqumdtw mnsﬁ@ctaaiaaechmnqmsultab{monm and

endi ng w dgé ?ﬁe@ﬂ‘aﬂﬁemﬁﬁ‘tl& QLP ﬁ‘%tia& b@d;!s mﬂa)ap E@ﬁ&e Sehde p%aﬁﬁ@ﬁ&l Fﬁﬁ& are

pl aced un contro trol que ces particul a

under the S@!ﬂﬁi'mgﬁd%ﬁcead@ﬁleﬁ%ﬁﬂn%héﬁﬁﬂéﬁd antipgdvki nd of prom)ter may be used,
provided that it is adapted to the host organismin which the DNA
constructs will be transferred for expression. However, if expression is
to take pl'Ykenihg aptibadnehring Havetobe qr@dchd inshealli iy the ONASSIYAS f¥SUse t he

pronoter gfrstad mgawam ellmdrh%ur@w@cprééaoaQ@&b-%%&&%d’%ﬂf@ﬁ@ﬁd&ib&ﬂﬁ@ -14
The desired antib 34 ma% F c]d ma&ell culture or in a transgenic
ani mal . A SR[ESHPN ¥eCPrE EEQSW Bosrf‘lih beingprefelred ai ned according to standard
nmet hods which include mcro injecting into eggs the first and second DNA
constructs uif,a 0 yen t he so
o epar ed AReRfll HISienit 488 bRyEREH: Soredi LR IERIGH b oot T g s
descendantpresapyodis o agkanfudic dellslineemmqnhmdgs at\N!mhomehef the DNdozbysicids atovlave
to be pro n a cell culture, the DNA constructs nust first be

LG Ebel

inserted into erther a si ngl e expression vector or into two separate but
conpatible expression vectors, the latter possibility being preferred.

Accor di ngl e'achtetasresgwmat&r&oaﬂam FHQMA@Sﬁstl%Et IQWnQI%'ﬁ'Sféﬁ'et\.{ﬁﬁ R5uidlePndsP

replicate in a  prokaryotic or eukaryotic cell 1ine nprises at
| east one Vganisia Wen s VA erisiuelp 8lrcsepa@icly inprted andwr eéRrﬁF%%%VQﬁtPr%-ébﬁyor

cont ai ni Ngnay bdNParRRARkISdphrately, §. B%ettypym@ét&qsbrlc@u @r Bo-YHink P, thid Htter
organi sm Wep the DNA constructs are separat el \é inserted on two expression
vectors, tmé§1bxllty bemg preferred. A su:table ost org msm may be a bacterium, a yeast or a

mammalian cell line, this latter being preferred. More preferably, the mammalian cell line is

of lymphoid origin e.g. a myeloma, hybridoma or a normal immortalized B-cell, but-does not

express any endogeneous antibody heavy or light chain.

ltis also preferred that the host organism contains a large number of copies of the vectors
per cell. If the host organism is a mammalian cell line, this desirable goal may be reached by
amplifying the number of copies according to standard methods. Amplification methods
usually consist of selecting for increased resistance to a drug, said resistance being encoded

by the expression vector.

In another aspect of the invention, there is provided a process for producing a multi-chain
binding malecule of the invention, which comprises (i} culturing an organism which is
transformed with the first and second DNA constructs of the invention and (ii) recovering an
active binding molecule of the invention from the culture.



may be transferred separately, i.e. one type of vector per cell, or co-
transferred, this latter possibility being preferred. A suitable host

or gani sm ngy, 9@ cterium a yeast or a manmalian ceblrlpbiisntiles | atter
being preferre re preferably, the mammalian cell line is ? ynphoi d
origin e.g. a nmyeloma, hybridoma or a normal inmortalized B-cell, butdoes

not express any endogeneous’ anti body héQVy or light chain. It is also
preferred that the host organismcontains a | arge nunber of copies of the
vectors per cell. If the host organismis a mammalian cell line, this
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first and ®eco ﬁHtWadﬁfﬁ ganarswhiph fsHensfatrestt Wigha fivsl DNA cpnsleusbokthe ng an
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or gani sm whi chchain br faagfien tedeofiobiniredfin m)smdmm;gmnbam octragrherit iieeredfnvent i on
and recoveri ngo§%In§ r],.e@yy chain or fragment thereof fromthe culture and
(ii) culturing 86 organismwhich is transformed with a second DNA
construct of the invention and recovering said |light chain or fragnent

ther eof 1 108t fdhidit FoRS ol biovlaohSTRRBES o b ol ahifiPordih Ak

bi ndi ng nol ec nvent| romt eavy ragnen thereof
obt ai ned idemain)bingling malecyle ghthe dvaniipnoyhighyepiipeiaes t her eof obtained in (ii).
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S|ngle chain or S|n domai n bi ndi ng nol ecul I nvent 1 on” whi ch

conpri-ses (i) €qu!ﬂglanﬂ"%{ﬁ chaig ansiagle WHF‘%'H blngmsmmgqttﬁ ‘Pféhe {mvemtion apfiA .
const r.uct (pes pesbleipigkaidaisiediidfod tisd AGl,. chai n or singl e domai n bi ndi ng

nol ecul e of the invention and
The binding molecules of the invention exhibit very good nerve repair activity as shown, for
-example, in the granule cell neurite outgrowth modei.

1. Granule cell neurite outgrowth assay (in vitro)

Neurite outgrowth from dissociated cerebellar granule cells are determined as described
{Niederbtst et al. (1999) J.Neurosci. 19: 8979-8989). Briefly, cerebella are removed from
decapitated postnatal day 5 - 7 rats and dissociated by trypsin treatment. To reduce
fibroblast contamination, the cells are preplated onto bacterial dishes. 75°000 cells are then
cultured per well in 4~well Greiner tissue culture (Huber & Co AG,Rheinach, Basel) dishes
{well surface: 1 cm2) in medium (Neurcbasal with B27 serum replacement, Invitrogen).
Culture dishes are coated with poly-L-lysine (Sigma). Chaps extracted proteins from total
spinal cord homogenates of adult rats (Spilimann et al. (1998) J. Biol. Chem. 273: 19283-
19293) is coated at protein concentrations of 0.5 till 8 ug per well over night at 4°C and
washed, The binding molecules of the invention are then pre-incubated for 30 min on the
test substrate and removed before the cells are added. Cerebellar granule cells are added
and incubated for 24 hours, To stop the experiment, 2 ml of 4 % buffered formaldehyde is



(i1) recovering said nolecule fromthe culture. The bindi ng nol ecul es of
the invention exhibit very good nerve repair activity as shown, for
exanpl e, i le cell neurite outgrowth nodel. 1,

neurite oupgégﬁkh&gggay (in vitro) Neurite outgrowth fron1 ssocP%@
cerebellar granule cells are determ ned as descri bed (Nlederbst et al.
(1999) J. Neurosci. 19: 8979-8989). Brielby, cerebella are renoved from
decapitated postnatal day 5 - 7 rats and dissociated by trypsin treatnent.
To reduce fibroblast contam nation, the cells are preplated onto bacteri al
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Chem 273: gygggggsggl%%ﬁrg egg%rﬁdo a pro Jf\é(ls ﬁg%Bﬁ%S tﬁ?ﬁ?é% aw rfaqsl'l elEailll 8
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i nvention ; i and
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i ncubat ed résyens(okigiavsh offhegraple ¢sd new e$)n$ré¢ﬁe dependiertin the 3arigefof ebad

f or mal deh t he
cul tur e d?biﬁe‘;@%*%%?é’féﬂim@wgé@gﬁﬁgé‘ BB gt Prepe By Ufn'ai e
gr owt h- ass@ngeat ed protein GAP-43 and with Hoechst for cell nuclei (Granul e
cells are stained wth Hoechst in order to see if all the cells have
neurites gtlleuri te visualised with anti-GAP- 43)). Three pictures are taken
randoni y & hancgaenhedeyrieonigrewihiof egrebeligheianule saibin the gon-agreissive edge of

each wel| em.ﬁolﬁrr@nﬂmh@smfétﬂrépa%u SHinGEES8 eﬂé@ﬁ?rgiearﬁbﬁﬁfoﬂ%ﬁﬁ@ﬂm%gﬂ oscope.
All the neurites in a field are counted on nunber-coded ndonhg/?arran ged

phot ograpWéOIec'l"?@fﬂTeéﬁYﬁfﬂg'éW FPERIVe- 6¢9- ewrich Riaffledortbe newializing gdsctiol
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(the speC|f| c 1actlwtl es of a given preparation vary within this range).
Enhanceme®t " neuri t e outgrowth of cerebellar granule cell in the - '
non- per m $é1lm}©]m esuted SiNpRder ekl t he alewegyer fisli®dreapiagal cord extract by
prei ncubatl on with a binding .nol ecgﬂg of the |§¢{g}nt| on may be observed.
E.g. atypP °|51Voflle for the neutra?zing eff &8 %f the mouse 11 C7-1gGl
ant i body |+mou‘aelgg>( anul e cell neurite8gmtgrowh Ad8léd is given bel ow:

11C7 250 pg/mi 160 199 %

Assay 2:

rat myelin (prep. 2) coated at 8 ug per well  Neurites per field Percentage
no antibody 20 100 %

+mouse IgG 17,3 86,5 %

11C7 260 pg/mi 3 155 %

11C7 75pg/mt 26 130 %

11C7 7,5 pg/ml 26 130 %

The neutralizing activity of the molecules of the invention may also be estimated by
measuring the regenerative sprouting and neurite outgrowth in the in vivo spinal cord injury
mode! as follows:

2. Spina! cord injury model (in vivo)
Adult Lewis rats are injured microsurgically by transecting the dorsal half of the spinal cord
bilaterally at the level of the 8" thoracic vertebra. Laminectomy, anesthesia and surgery are



Assay 1: rat nyelin coated at 1g per well Neurites per field Percentage no
anti body 80,5 100 % +npuse 1gG 86,5 108% 91 C7 250 g/m 160 199% Assay 2:
rat nmyelin (@hfnse)z coated at 8 ug per well Neurites pegrigplodofisdcent age
no antibody 20 100%+nmouse 1gG 17,3 86,5 % 11 C7 250 g/m 31 155% 11 C7
75149/ mM 26 130% 11 C7 7,5 g/ 26 130%The neutrali zi ng activity of the
nol ecul es of the |nvent|on may al so be -d<ti mat ed by neasuring the
regenerative sprouting and neurite outgrowh in the in vivo spinal cord
injury mnodel as follows: 2. Spinal cord injury nodel (in vivo) Adult Lew s
rats are idgsorihed amﬁemrwﬁmngus@awamw(Errah@wwosngsm&e@oma) Qoatrbisof t he
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Pal. o u ani mal s
Hybri dona ‘&"a?ﬁtf@a'z %Japgmth%%ﬁ@'{eé OTr?ﬁ{‘ﬂaésC‘i‘ﬁ)?fg%’é’ng o%Bmlg%fﬂY’%ys \)M th
cycl ospori Eﬂind}ngimdleﬁﬁés bf the @rtvehijont (6 gnatcs digahl foembussl ﬂmmatemuéa/ddwﬁ fer ed

formalin 14 days.after ni.mal s: i ndi n es of the

i nventi on R”é“pﬁd% Yerigg 9 WPHF%#%‘? 'agﬁq@%ﬂqﬂ%; vgqegs.ﬂ? YPRELT HP@ e‘i?t tL?)urrps
del i veri ngirfle & thdspimdl @otdesibrg taad sdts Xerdatiified 2fvagek lateeks. Punps are

i nplanted at the tine of the spinal cord lesion, and rats are sacrificed 2

weeks | ater. Neuroanatom cal tracing: The notor and sensory corticospi nal
tract is tNewezhabynicaljtracihgrithetrhador and sensory corticospinal tract is traced by injecting the

anterograde tracer biotin dexiran amine (BDA) into the cortex of the side opposite to the

pump or the graft. BDA is transported to the spinal cord within 10 — 14 days and visualized
using diaminobenzidine (DAB) as a substrate as described in Brosamle et al., (2000
J.Neurosci. 20: 8061-8068).

Evalutation of anatomical results: Two methods of evaluation are used: a semi-quantitative
and a quantitative one. Semi-quantitative estimation of intensity of sprouting and
regeneration: Complete sagittal section series of number-coded, randomly mixed animals
are evaluated for the presence and density of regenerating sprouts rostral to the lesion using
the following definitions: regenerative sprouts are fibers emanating from the transected CST;
they are long, irregular in their course, much less branched thian the normal grey matter
collaterals, and they growth towards and ventrally or laterally around the iesion.
Regenerative sprouts often end in a growth cone which can be small and bulbouse or large
and branched. Density of sprouting is rated on a scale of 0 — 3 for each animal. — Long
distance regeneration: fibers that can be followed through the lesion into the caudal spinal
cord are considered long-distance regenerating fibers. Their maximal distance from the
lesion site can be measured, but is often a minimal distance as some unlesioned fibers from
the small ventral funiculus CST are often present; their branches mix with those of
regenerating axons and make distinction difficult.

Fiber counts (quantitative assay): A fine positioned at -0.5 mm rostral to the end of the
transected CST is posed on alternating sections of the grey matter, and all intersections with



anterograde tracer biotin dextran am ne (BDA) into the cortex of the side
opposite to the punp or the graft. BDA is transported to the spinal cord
within 10 ?10 2and visual i zed wusing di am nobenzi d@@q@%@bﬁ% a
substrate as escri ed in Brésam e et al, (2000 J. N eu rosci. 20:
8061-8068). Eval utation of anatom cal resul ts: Two net hods of eval uation
are used: a sem-quantitative and a qudfititative one. Sem -quantitative
estimation of intensity of sprouting and regeneration: Conplete sagittal
section series of nunber-coded, randomy m xed animals are eval uated for
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caudal to é&%rét 'o?'a?ﬁ‘.% & Alon RO e 8§tgr cgdtaﬁwaﬁgg Sutit fromthe lesion

center. Int rsec rs are ~coun S are added to a
sumreftecting CST flbers in the caudal splnal cord. These caudal fibers

are divi d%e?éﬁokﬁﬁe%@ﬁﬁha@oﬂrb WS -0.5 mmrostral to the CST end to

obtain a ratio. Two weeks after a spl nal cord injury destroying about 40 %

of the spinal cord seg(ment T8, maj nI?/ in the dorsal half, including both
mai n CSTs: (Ot r adidgsef b, Ringiag Mojpcpiss of e inyantiog| i thediesis repdbela maw ee of

reactive sproutrgpgugkydtas, ihhagkulariintarditpasefdémeor responds to the
spont aneous sprouting in response to injury well known in the literature.

Injured rats
(i) a method of repairing nerves of a mammalian nervous system, in particular human

nervous system which comprises administering an effective amount of the binding
molecules of the invention to a patient in need of such treatment, or

(i)  a pharmaceutical composition for nerve repair of a mammalian nervous system, in
particular human nervous system which comprises the binding molecules of the
invention and a pharmaceutically acceptable carrier or diluent.

In particular, the binding molecules of the invention are useful for axonal regeneration and
improved sprouting after nerve fiber damage. Thus the molecules of the invention have a
wide utility in particular for human subjects. For example the binding molecule of the
invention are useful in the treatment of various diseases of the peripheral (PNS) and central
(CNS) nervous system, i.e. more particularly in neurodegenerative diseases such as
Alzheimer disease, Parkinson disease, Amyotrophic lateral sclerosis (ALS), Lewy like
pathologies or other dementia in general, diseases following cranial, cerebral or spinal
trauma, stroke or a demyeliating disease. Such demyelinating diseases include, but are not



being treated with the binding nolecules of the invention or with punps
delivering the binding nolecules of the invention may show an enhanced
sprouting o iddfodeni On site and regeneration of damagperRERRSEKY i te
outgrowt h of damaged neurites. Therefore the invention also provides (i)

t he use of the binding nolecules of the invention in the nerve repair of a
manmal i an  nervous system in particul a9 human nervous system (ii) a

nmet hod of repairing nerves of a mammalian nervous system in particular
human nervous system which conprises adm nistering an effective anount of
t he bi ndi figitedrig, Bwipmeoin‘rosié]mo’mplmstcidﬁmyemworpmbmhaldmyeﬁ@muﬂifoeamh

treat ment hif g f epai.r . a
| an SyReersBhalo R Bar Ao o AR Sl fenl e o
conpr i ses agdipgolshieilysigonhyl Relianais-igrzharber dlwéa.tf‘pmngadeb@erﬁman ndeentiertsal | y
accept abl gseald, CahapindlitessBlm ?tééhraﬂétw I6HoBYstro hgsﬁa#;a RiAbBYs BReaR|fheo L e

i nvention are usef axonal regeneration a roved routli ng after

nerve fi b@?‘afﬂﬁiﬁeﬁfé“mW@"toﬁ@GrHﬂd&&m@@C'ﬂﬁs qf e invREAR p@hb«ﬁa ta tregi &le
utility i ReRgélinatsy ai&eés@ras&a‘awj WG ASproteft, |r%%mr BxdrhiSle Riciélivhigh Mol ecul e

of the invention are useful in the treatnment of various di seases of the
per i pher aPRTPRE e HiNgiNdRelpeH 93‘(‘@@85‘“%?’?/5@@5%9’5‘9%"“? 0.2 sfigrpingbsd cul ar | y

i n neur od@mwﬁbmte@e ﬁkoﬁélagi@ﬁth?tht@ﬁgr@&t th&lirglred ey, s@bﬁﬁaﬁ@;ade@nlawemd
di sease, %’? rqo hi c ate

ross e at hol ogi es or
other den® eﬁ'ésnBF 'éﬂs{o"ﬂg ggrdﬁgnqﬁrmfc%wnegﬁqrép tr%‘@'ﬁ%bgr"&“ ¥ spi nal
trauma, stoudincludedifdstonansiadathngy cblls and stemSiiidofcififgrehtilinaddds®f (bid @asedr
i ncl ude, gut areﬂnot WO 2004/ 052932 PCT/ EP2003/ 013960 -19 limted to,
mul tiple e, nonophasi ¢ denyelination, encephalonyelitis, mltifocal
| eukoencephal opat hy, panencephal itis, Marchi af ava- Bi gnam di sease, pontine

myel mol ys ':r?addnt%?nr ﬁ%%ﬁdf#g@%@&dl&%%e 1&&{%#% | ?o?ﬂ%}?éatnﬁbﬁ%‘ise Spongy

degenerati on I Sease achromatic
| eukodyst degenerative orulabdieorderg whish ssy diractiyras md@ﬁ%ﬂypm\@lvedmrdege@eraaom oih of the

bi ndi ng mpLipeul &3 J%fal %ﬁ]@ !HcfﬁlﬁﬁﬂIiécﬂé\nﬁﬁ"é‘tﬂ&ﬁaﬂ’l%@ﬁ}éé%ef'eﬂ Efrf%r |sgﬁeff?(i§|oaﬂ‘at' ng

di sease associ at e rotein ano exarrF
expr ess tH@UfQPﬁHYr?é)‘fWBTSéﬁ@P’@?s“%W% ReEeTelgted Maswangsgeperation siabrtimt ed to a

site Spi ngtine4tsly, c‘yé’cbidﬁﬁadui&r tasha fém)er@iﬁﬂélﬁigrr&h@éé fstéﬂ@emvghgaaset bgstisnj ur ed
site. Such transplanted cells wou |

o] a neané restorlng Spi na
cord functitediformyleting) qggeqqq?t@pquger $ pq{l;ﬁgﬂal amaprogisan other hereditary retinal
degenerations, pathologic myopia, retinopathy of prematurity,and Leber's hereditary optic
neuropathy, the after effects of comeal transplantation or of refractive corneal surgery, and

herpes keratitis.

Furthermore, it was shown that NogoA plays a role in psychiatric conditions, in particular
schizophrenia and depression. Hence, the binding molecules of the invention are useful for
the freatment of psychiatric conditions, in particular schizophrenia and depression.

The Binding Molecules of the invention can be provided alone, or in combination, or in
sequential combination with other agents. For example, the binding molecules of the
invention can be administered in combination with anti-inflammatorv agents such as but not
limited to corticosteroids following siroke or spinal cord injury as a means for blocking further
neuronal damage and inhibition of axonal regenetration, Neurotrophic factors such as NGF,
BDNF or other drugs for neurodegenerative diseases such as Exelon™ or Levodopa. As
used herein, two agents are said to be administered in combination when the two agenis are



could include ol factory ensheathing cells and stemcells of different

| i neages of fetal nerve or tissue grafts. In addition, the Binding

Mol ecul es @fg 3dgfodpeent i on are useful for the treatnent ,gfppA§fasHative
ocul ar disorders which may directly or indirectly involve tﬂe degeneration
of retinal or corneal cells including ischemc retinopathies in general,
anterior ischenic optic neuropathy, at¥fornms of optic neuritis,

age-rel ated nmacul ar degeneration, diabetic retinopathy, cystoid nacul ar
edema (CVE), retinitis pignmentosa, Stargardt's disease, Best's vitelliform
retinal dedminstered aimulthadrmislyor anagiemnisiateddntependdrsly breifashibe sudtethacdthé ar y
retinal e oI ogi ¢ nyopia, retinopathy of prematurity, and
Leber's hgggﬁ t"\{a{%ltggﬁ?(szg'%%e@?opat hy, the after effects of corneal

transpl antation or of refractive corneal surgery, and herpes keratitis.

EELEP$ rggrsF% rthettre\gﬁrt?erﬁgf’ﬂtj'rclt\ Qﬁihl Zop ﬁjﬁgﬁb @aré&hzo%ﬁeﬁﬁ%?ﬁ%ﬁéésro e bi ndi ng

mol ecul es Bmd!ngd\éolew}emfrﬂammwﬁreom 9@1 be plfowded akge oripgpmbinatiarf inpeyichiaawiti c
condi ti ONgyhel Qﬂe | QRS EhSHbRrom S &r@%‘é&%&sﬁg@&f{af&ﬁﬁ&pﬁl@b@kr@éﬁ Sy

Mol ecul es of t nvent1on can provr I nation, or in
- sequent i ababBuigiasardsierivatives beteet bagrasiazepines; carRaxastides, hydanigingdli ng

mol ecul es gadcidifRies, uam& raea aﬁ@&h@ﬁ‘fa&?‘ &g uéﬁ»ere%nurbﬂrér BRi-BAildpR dNYLS, b)
not imt to cortrcosteror

antr-rnflammtgg%/ ent s ﬁ

f ol | owi ng CoRvEgHRNEhRN ?ﬁyﬂ"&r"’%éﬁ) étVPﬁPWPW@%FCﬁ@B ©)eptidepressritay furt her

neur onal damage and i nhibition of axonal. regeneratlon Neurotrophr c factors
such as N BONF, or ot her, dr.ugs ngur ode enerat s such as
Ecol onTi e ftopirelgs B sefivafiaireof s SgETEn diluk fimtedc
adm ni st emdndbarmrahdaicrmnmm \T,hetermﬁbenMamJﬁrdsSamnsed\r@rem%Vueée%Bﬁs not

| ndepondePTS0 reerer et ibegtah 8 el BRSRHE frifbeRleBs VR PRRIE i e
For the trr'@mdﬁe,rhut isfnop tiryitssl tacaibamezeping, bmmbazemn@andn&byckommﬂjz-ophr eni a or
depressi Oﬁrhﬁﬁraﬁarbﬁhggéﬁﬂ% Yhe ‘ﬁ‘rl'“@lﬁ:r ﬂfoin%hﬁseuéé\ﬁ%wu%cﬁ ﬁtd%&"lfnﬁ‘t[%ﬁ 1@l one

or in conbination in particu ragent s e group
consi st i nghenyigia)Thereim Syedinipides” afupgd he@irea@!eféeSt bdris n@ié.lmliﬁ@mat es and

derivati Vgﬁrog%ﬁ@fand br?é%ﬁﬂﬁid%z?ﬁé f&?rﬁ f"vaqﬁélg%la%éﬁ ﬂﬁg%ﬂh%ﬁ%’tes” as

succi ni ni vaiproic acid ty acid derivates and ot her
anti - epi | eg@d beralrwgvé,ude@daut I%{r@md Tewalproaﬁﬁq'cbgcgﬂ@rmﬁ@!b giaggbine hydiashledde
ant i psycheidnefydiate ahdigfibatr@PTIRSE AR téther anti-epileptic drugs” as used herein includes,

but is not limited to levetiracetam, lamotrigine, gabapentin and felbamate.

The term “conventional antipsychoiics” as used herein includes, but is not limited to
haloperidol and fluphenazine.

The term “atypical antipsychotics™ as used herein relates to clozaril, risperidone, olanzapine,

quetiapine, ziprasidone and aripiprazol.

The term “antidepressants” as used herein includes, but is not limited to selective serotonin
reuptake inhibitors (SSRI's), or selective serotonin and norepinephrine reupiake inhibitors
{SNRI-s). An SSRI's suitable for the present invention can be selected from fluoxetine,
fuvoxamine, sertraline, paroxetine, citalopram and escitalopram.

The structure of the active ingredients identified by code nos., generic or trade names may
be taken from the actual edition of the standard compendium “The Merck Index” or from



The term "barbiturates and derivatives thereof' as used herein includes,
but is not limted to Phenobarbital and primdon. The term
"benzodi azQgRi fRos285 used herein includes, but is not gbﬁkﬁﬁgy&gg

cl onazepam dlazepan1and | orazepam The tern1"carboxan1d as usea her ei n
includes, but is not Iimted to carbamazepi ne, oxcarbazeplne and
10-hydroxy-10,11- di hydr ocar bamazepi ne:2The term "hydant oi ns" as used
herein includes, but is not limted to phenytoin. The term "succini m des

as used herein includes, but is not limted to ethosuximde and

mesuxi m deatabhses] egnPateats fntemational @. ganMSstrErdeatattipnacil‘nb cesrrdspaidas)’ as

used herei is n Cl odi.u alt,
t i agabi ne @8&3%%?@5? ngggwﬁ%rﬁgrétégbé' ¥ f?ge g{g booqrf eqﬁ.btﬁ?gprﬁ U8t ner
anti - epi | epabled trideygify ths actsrea'ngneimtﬂ andl(bha@tbm the&mleferencmt likeivisieteadbled
I evetirac t

"conventi ﬁ@?ﬁg&%ﬁ%ﬁ@ﬂé{f&ggﬁ%ﬁ?&ﬁe@%ﬁhr@i&gpéfsl Etr@l cffé me-g P {aﬁ& %Stl imted
to hal op&ndddis! badlmé vi¥rapitbinaMone. The term "at ypi cal antl psychotl cs" as
used herein relates to clozaril, risperidone, olanzapine, quetiapine,
zi prasi done and ari pi prazol . The term "anti depressants” as used herein
i ncl udes, Fatihejingliqgéions mentioped pbpveeineappiperiate desageiWill. of seussavary deRPIIND T S

(SSRI"s), uBén, $&|e&§ﬁ1bl\éeth§%ﬂﬁzﬁlat MoRbtle BPHEMVBRINH thbe erfiiyeakle hidak B t or s
(SNRI -s) . S sujtable for sent i nvention can be selected from

t he
f1 uoxeti né¢ ""'“ﬁ?\? HarsgRdae naire and ﬁer‘{%"‘y B&ﬁ@ﬁ@'ﬂ‘i‘"}w being traadast dhe Binging
escital ODWEcufébef Biblintehlidneare tobveRich adteinisRESEIS) RIS drdgedied aed by code

nos., generic o t rade nanes .ma eta t ual .editjon of the
st andar d ?}“Qﬁﬁ'orﬂ%f%tﬁ’ %/'ﬁdtgﬁyc?ﬂ ??%WF%"QZ%BTF 'Qg’ég ohis

PCT/ EPZOOBm@m&Bﬁﬂy or ithd thelspiibiabathecadly tp th@idsioned sikeat er nati onal (e.g. I MS .
Worl d Publications). The corresponding content thereof is hereby

i ncorporated by reference. Any person skilled In'the art is fully enabled
t o i dent i Phainascuial soenpostjoraidfdhe veniion maydednanmifactred inraoheerdinoa snanheikewi se
enabl ed B '

properti esin stgaﬁg%%cggﬁhg%ﬂcfef’%tlgﬁ% ﬁﬁt?gyogflr? %%%F\%’E nif—dhqs h

i ndi cat i opesferally PM@GGmmll!zﬁﬁ@ffﬁpmrd@medﬁt? afyyaigleatinn|itis diggoleslin 8e, vary
dependi ng R aqubBlis &XFFPloPexdnitie RBfilk vatdr 61 M]@&n%ﬁl& Stefllb HufiSregnvention to
be enpl oyed, he mode of adm nistration and the nature and severity of the
condi ti onPB!@'Q'@'Qaﬂ%;%‘f‘éd The Binding Ml ecules of the invention are
conveni ently adm ni stered by punps or injected as

To aid in making up suitable compositions, the binding molecules of the invention and
optionally a second drug enhancing the effect of the Binding Molecules of the invention, may
be packaged separately within the same container, with instructions for mixing or
concomitant administration. Optional second drug candidates are provided above.

The synergistic effect of a combination of the binding molecules of the invention and growth
factors such as NGF may be demonstrated in vivo by the spinat cord injury model described
above.

Brief description of the drawing
Figure 1: Sequence Comparison: Sequence comparison of the NiG from different species,
showing the immunogenic peptide sequence for the 11C7 mAb.

The invention will be more fully understood by reference to the following examples. They
should not, however, be construed as limiting the scope of the invention,



therapeutics at the lesioned site, e.g. they can be admnistered directly
into the CNS intracranially or into the spine intrathecally to the

| esi oned siy§q0d2i@osRceuti cal conpositions of the inVGn%hQ&m&%%mﬁ&m

manuf actured i n conventional manner. E.g. a conposition according to the

i nvention conprising the nolecules of the invention is preferably provided
in lyophilized form For imedi ate adm-2stration it is dissolved in a

sui tabl e aqueous carrier, for exanple sterile water for injection or
sterile buffered physiological saline. To aid in maki ng up suitable
conposi tions, the binding nolecules of'the invention and optionally a

dd ' he ef h i ndi I f the i ion,
mmy e paaURioipraied el Bike R eI BBRCARHEI O  h i net ruct fons |

for mxing or concomtant adm nistration. Optional second drug candi dates

are provid.ﬁﬂ ve . r Qi sti f f.: | i %f ne bi.ndi ng
nol ecul es © @E@ocﬁ)ﬁ‘elegrhﬁpcg)%par#e gtﬁdg\?\f Eﬁe %{‘ﬂpgeés é@%%@hﬁmgw%g otcigng tg the
denonst r at prdsém inyentionigpmptiging fhieniarialje part otihe light wbaio (SE@IB NG &) andithev e.
Brief descgj-piil i { .4: Sequence Conparison: Seguence
conpari sog‘;dcr)@sl%%gﬂ%ft&%‘%ﬂ!%ﬁ?@r@n%@e ies, showi ng the inmmunogenic
pepti de sequence for the 11 C7 mAb. The invention will be nore fully

under st oodTkyolidiiy Str&vidiRné B d<el! owi ng exanpl es. They should not,
however, be construed as limting the scope of the invention. WO

2004/ 052938L18&T/ EPPBIR tked somunesorbantasdal ol | owi ng exanpl es al |

t enper at UresCRr € ilNordedHnee abitlafddwsll 66sing The nonocl onal anti body of
attention H__g t he arrgl es, it}sq, a Bi ?di ng Mol ecul e according to the present
i nventi on B&fpri siPHYEPHRD FAPIOGESart of the |ight chain (SEQ ID NO 3)
and the vEB$ abl e fgsdltbodifie sdvaheavy chain (SEQ ID NO 2). The follow ng

Pl tor escerlagMiot | VT80 cuBmeIRBAERIETORI T 1 Lor escei n | Sot hi ocyanat e FES
foetal bovighie ser immHiGNoHulimisotypgConegal ovi rus pronot er

MAb rmonoclonal antibody '

PBS phosphate-buifered saline

PCR polymerase chain reaction



| gG i mmunogl obulin isotype G MAb nonocl onal anti body PBS phosphat e-buffered
saline PCR polynerase chain reaction WO 2004/ 052932 PCT/ EP2003/ 013960 -23

Exanpl e 1: M #%SEQ ID NO 24) is one of the neuritgc-pEbBiHNEd0
i nhi bi torywaf%gm,rré%ts of NogoA Methods: a) Rat Nogo-A deletion library:

Del etion constructs are nade using internal restriction sites; by

Exonucl easel | | / Mung Bean Nucl ease treat®nt and by PCR with rat

Nogo- A-specific priners on rat Nogo- (nmethod as in WO00/31235): rat Nogo-A
(aa 1-1163; DNA as shown hereafter related to the amno acids of rat NogoA
(SEQ | D NExaniple 1:eNiG-D26(SEQLIEGROTR4)1S onk béthe reairitddigroni inkiibitopyicodes f ar

pol ypepti de which tzﬁlart at the am no acids and ends at amno acid 1163 of
the rat p Tﬂ?ﬂ?&fﬁa PMYtience of NogoA), rat Nogo-B (aa 1-172 + 976- 1163),

rat Nogo-C (Nogo-C N-terminal 11 as + as 976-1163), rat Nogo-66 (aa
1019-1083) rat GST- Nogo-66 (aa 1026-1091), rat NNR-G (aa 1-979), rat N R
(1-172), r'%qthQQﬁSR-Di (aa 1- 31), rat NNR-D2 (aa 59-172), rat NNR-D3 (aa 1-31
+ 59-172) gimt NESTA Ne@ibn ktaarydetioh@dhstructstdre Miade Laig InMédmainBitrictioatsitds, G D1

174-909,_ rat_ Ni 174- 865 t Ni *172- 723), rat N G D4
oo )E,x‘r"?‘é?ﬂeal q@ﬁ%@%(a%&"}b@?eéﬁ 5"?‘;"&%89‘ 4@@%’%@5“ ?%ﬁ‘-"@? 'S,PGL ¢ NG D7

(aa 172-6
(aa 174- 23bmersdsirabiego- (metholliaGirDA (088 1238: G5 Rpgo-Adha NGB DNAEs 259 +

646-974), .' . 1,G.,D10 93: 9 ' I 209- , t
NG or2 ( derertel Blasd S S Ree 8 A a0 Brrdlo NOTRe PR &1 FB kel Do)
rat Ni G 01t eIV edr8luet e033e8 76 polypaptidsivididhiBarty aidhd Amind $WVid+ 268 Er@TA) |

t Ni G DLZ.: . o + - ' - + 635979) ,
rat N G DS (el ihe e atlingpide sdgondd plpbiat 7 nbb-a il o )
812-918), 1163), mit Bogr2 (Naao-otigmBial 1 aa + Rp €701 363)amt blego-66 633 1018t108B)G- D24
(aa 544- 65‘5%)@81‘»%%&\'665(&32@26_(1@936MN?F?-@) (]fe_lar13§79@||rét}l\gﬂa§1 (1?%‘)7, %ﬁlﬁ-ﬁ)(aa at
Ni G D27 (aa 581-_6@?, rat_ Ni G D28 (aa 614- 685), rat Nl G D29 (aa 64 - 725),
rat N G D30) (RANBOZ (ag59-172hrat Y ga (3 5512807t E¥ ENogR] @ﬁi’ﬁ?-ﬂé_ﬁ),
(aa 260 5 T, R BN D a2 o
Nogo- A-pE7ab). e Sk Tar 2Bl Pirk DB eV B172: TANNG-Pé farf S HTFONEN 7 G

by restri @7 (@a174-ge5t i2op-9ag)rat NiG-D8 (aa 218-653), rat NiG-D9 (aa 172-259 + 646-974), °
rat NiG-D10 (aa 293-979), rat NiG-D11 (aa 209-268), rat NiG-D12 (aa 198-233), rat NiG-D13
(aa 174-216), rat NiG-D14 (aa 174-260), rat NiG-D15 (aa 174-190 + 493-979), rat NiG-D16
(aa 174-190 + 621-979), rat NiG-D17 (aa 174-190 + 259-979), rat NiG-D18 (aa 174-190 +
263-979), rat NiG-D19 (aa 763-865), rat NiG-D20 (aa 544-725), rat NiG-D21 (aa 812-918),
rat NiG-D22 (aa 866-975), rat NiG-D23 (aa 914-975), rat NiG-D24 (aa 544-685), rat NiG-D25
(aa 614-725), rat NiG-D26 (aa 544-613), rat NiG-D27 (aa 581-648), rat NiG-D28 (aa 614-
685), rat NiG-D29 (aa 648-725), rat NiG-D30 (aa 682-725), rat NiG-D31 (aa 544-580), rat
NiG-D32 (aa 581-613), rat NiG-D33 (aa 614-648), rat NiG-D34 (aa 648-685), rat NiG-D35
{aa 260-5586), rat NiG-D36 (aa 260-415). NiR-G and NiR-a are derived from Nogo-A-pET28 -
by restriction enzyme digestions. NiG is derived from NiR-G by restriction digestion and
MungBean Nuclease treatment. NiG-D1, -D3, -D4, -D5, -D7, -D8, -D9, -D10 derived from
NiG-pET28 by restriction enzyme digestions. NiG-D15, -D16, -D17, -D18 derived from NiG-
pET28 by Exonuclease lll digestion. NiR-b, NiR-D1, -D2, -D3 derived by PCR with NiR-a-
pET28 as a template. NiG-D2, -D8, -D1i1, -D12, -D13, -D14, -D19, -D20, -D21, -D22, -D23, -
D24, -D25, -D28, -D27, -D28, -D29, -D30, -D31, -D32, -D33, -D34, -D35, -D36 derived by
PCR using NiG-pET28 as a template. All consiructs subcloned into pET28. pET28 used for
all the constructs mentioned aboved. pGEX-6P used for GST-Nogo66 and pET26 for
periplasmic expression of rat NiG. Human GST-Nogo-66 (aa 1055-1120 of human Nogo-A)



MungBean Nucl ease treatnent. NGD1, -D3, -D4, -D5, -D7, -D8, -D9, -D O
derived from N G pET28 by restriction enzyne di gestions. N G D15, -D16,
-D17, -D18 from Nl G pET28 by Exonuclease I11 d R-

Ni R- D1, D&ﬂﬂot%%gerr ved by PCRwith N R a- pET28 as a %%?ig?ﬂonﬁbc} D2

- D6, -D11 -D12, -D13, -014, -D19, -D20, -D21, -D22, -D23, - D24, -D25, :
- D26, -027, -D28, - D29, -D30, -D31, D?é4 D33 -D34, -D35, -D36 derived by
PCR using NI G pET28 as a tenplate. Al constructs subcloned into pET28.
pET28 used for all the constructs nentioned aboved. pGEX-BP used for

GST- Nogo66s dorekdly FXER 6o humpe NopbABNAJQSERQIPAYY 4 as aftemplateNDEetiblucanstructs

e e N SR e U
Del eti on wod sEr%r@tordNevageeh Human &8 Ti-Neogp-pTarespendsde tr(a\rasaigwggq propeBEX- 6P
( Amer sham Bﬁ%ﬁ@@ﬁ%@@gﬂ@&t@ %ﬂg) Bﬁﬁ&g\f e@{,de(ﬁdovagen) Human GST- Nogo- 66

corresponds to t tern d by G andPre et al. (supra).

Synt het i ¢ BEAWOQKISNSALCH memsppsﬁsjorﬂm lamarp pptice 4
cor r esponqguhsh pépaiab Wnaa b@@@&h&ﬁr e be(trr&rﬁﬁrancrr? édﬂ?of%@ﬁég@@?ﬂorﬁ&ﬁm to be
the inhibitory domai n Pre 2000)). The

of
ort hol ogod@rqnﬂf’reréﬁr g %P@OHaEh%D@rOK@P%S Fit E‘Fﬁ‘ilder‘i' ea sipglespismalsbify ‘F’ﬁésel? sequence
in G andPr piRle Pdequerdd0R GrantiFia bt al $rwr§d1eapr§) EE/ﬁth&ﬁfobJ’S‘elferﬁﬁﬁé piide

pr oduc SﬁpﬁﬁéﬁgﬁﬁﬁeEESFIP%??B@%&M%S%Q% we e R R 42 Baeh pemeomo o)
i s synt hesiri€chugified byBriinfri $Al HuymereisamiAc 6233840e(SECSID NO: 6)3 syrineaisetiiand of
human NogQ ﬁ*’eeﬁﬁ:l@%f%%é%ﬁ qce%gﬁr%s&%t s (pRK7-hNogo-A): A hurran cDNA library

const ruct éd ontech) is screened with duplicate filter
sets using standard procedures Fragnments of human Nogo-A are anplified by

PCR from ; &g 5 unraﬁ' uggrgﬁr rantcgﬁ&)ucegraﬁgﬁgmg&pw@mfrarrpaﬂw and

subsequent nto used as
scr eeni ng liprapiressigictestin |Ieynbda mm@omo rssméﬁenﬁri wijrdvplicate fittgrsests wsings' pr obe,

tc% ?éA r %%%%gr%r p%Héhb.felsﬁﬂ N@Bﬂﬁhnﬁé@%&'@r@ﬁr&prﬁeﬁ @%ﬁcﬁﬁF&é‘]Eﬁ\T % ééTT

CTC CAT CheaieBNA ﬁ@ rr!)tmg %@gnda%emomlenersel?r@guawhf qlqrreriért’feaBluewet.oned
and  sequefesieA QR4 isoEEH, o GscRldscreeRing Prdbek BREHH. Awr XiRyenal frkdMent is
overlapprn cl ones are assenbl ed using an uni gue 0 restriction site in
t he human YRERRS ;'g\p pﬁa is amplitied with primers C NA—2 5’—AAG CAC CAT TGA

ATTCTGCAGTIC C—3' (SEQ 1D NO: 29) and CA-NA-3R: 5-AAC TGC AGT ACT GAG

CTC CTC CAT CTG C-3' (SEQ ID NO: 30). Positive clones are isolated, subcioned and

sequence confirmed. To obtain a full length human Nogo-A ¢cDNA, overlapping clones are

assembled using an unigue EcoRl restriction site in the human Nogo-A sequence and

subcloned into Bluescript vector, named Pbsnogoa. To obtain pRK7-hNogo-A, the full length

¢DNA was inserted into the eukaryotic expression vector pRK-7 by directional cloning.

¢) Generation of human NIG (hNiG) expression plasmids (pET28a-hNiG) for bacterial
production: A hNiG encoding DNA fragment is subcloned into BamHI/Xho! of pET28a
(Novagen), after PCR amplification of the respective coding region from Pbsnogoa, in frame
with the N-terminal His- and T7-tag for bacterial expression, using primer sets: forward 5'-
GTC GCG GAT CCATGG AGACCCTTTTTG CTC TTC-3' (SEQ ID NO: 31); reverse 5'-
GTT CTC GAG TTA TGA AGT TTT ACT CAG-3' (SEQ ID NO: 32). The final plasmid is
termed pET28a-hNiG. hNiG was then expressed in E.coli BL21 pRP by induction with 1 mM
Isopropyl-beta-D-thiogalactopyranoside (IPGT).



subcl oned into Bluescript vector, naned Pbsnogoa. To obtain pRK7-hNogo- A,
the full length cDNA was inserted into the eukaryotic expression vector
PRK-7 by digesbiensd, cloning. c) Generation of human N ff/@pie6a018%Rr €ssi on
plasm ds (pET28a-hNi G for bacterial production: A hN G encoding DNA
fragment is subcloned into BanH /Xhol of pET28a (Novagen), after PCR
anplification of the respective coding ?\E-!gl on from Pbsnogoa, in frame wth
the Nnterminal H s- and T7-tag for bacterial expression, using prinmer sets:
forward 5' - GIC GCG GAT CCA TGG AGA CCC TTT TTG CTC TTG-3' (SEQ ID NGO 31);
reverse 5'd) C@Wradmrcofcmqysmmarmnﬂ@erﬁraXOA@)rews@n M{BEQ. The Ngiorga)codimpe
final bl afbbelcton § & difiniBiT8RanNe Gondthb BALASmbRRIWHRIGE S0 vl Sutfd |
BL21 pRP b uction ] D-t hi ogal act op %_r anosi d
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CGA GITG AAGofd T TAT TCA GCT G 3" (SEQ ID NO 34) and subcloned into the
BanH / Xhol cloning sites of pET28a. The final plasm d construct is naned
pET28a-mNi G exon3. C oning of nonkey NNG PolyA RNA is isolated from
frozen rmnttileryin@mahmnktejr M@cayﬁdaumr%solame friopritdzen inkekteyisramdisame atd @INAIT
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(SEQ ID N@Dl\B“GfC’T amilflmi@n f1 er%éfﬁﬁlﬁﬁnf'is & PrBTAGARGAT TGCTTATGAAACA- 3' (SEQ
D N0 37)7est SCCoaEEHEAEEANEI TIPS &) ohFEQ | D NO. 38). The two

fragnents are t at |east 4 |ndependent

cl ones mr@W@Q%AAﬁﬁJ&T@qTG 1365%5@@&{9‘@5? go"é@%@n“fﬁ%&?”bﬁ -over | appi ng
PCR usi ng G@?A@MAGAW@@WAWENA@N@VGWQ Nbe37)pgel-ti ng product is cloned
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subcloned and for each fragment at least 4 independent clones were sequenced. The full

length cDNA is assembled by overlapping PCR using the primers mentioned above and the
resulting product is cloned and sequanced again.

e) Production of recombinant NogoNiG proteins and the Nogo-A-deletion fibrary as defined
above: The bacterial Nogo-A-deletion library Is expressed in Escherichia coli. Proteins are
extracted either by repeated sonication in sonication buffer (20 mM Tris, 50 mM NaHPO,,
100 mM NaCl, pH 8.0) with 0.75 mg/ml Lysozyme, by solubllisation with B-Per™ (Pierce) or
with 8 M urea. NiG expressed with pelB-leader is cbtained from the periplasmic space
according to the Novagen protoco! for periplasmic protein purification. Supernatants of
pET28-constructs are purified using the Co™-Talon™ Metal Affinity Resin (Clontech) in a
batch procedure. 8 M urea and B-Per™ solubilised lysates are brought to non-denaturing
conditions by increasingly substituting the buffer with sonication buffer during the resin-batch
procedure. Proteins are eluted with 250 mM imidazole in sonication buffer on a gravity
column (BioRad). NiG proteins are further purified by gel filtration on Superdex 200 Hil.oad
16/60. Supernatants of pGEX-6P constructs are purified with G-sepharose column in a batch
procedure according to manufacturer indications (Amersham Pharmacia). Cleavage of GST-
Nogo-66 is done by incubating solubilised GST-Nogo-66 with PreScission protease and
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the cult ursé'P?ﬂﬁ'éPﬁé\r%Fﬂ“fO@P%ﬂ?PB"%ﬁﬂ PHOhIQ) USRpaly Hne concentratlon of%uswn protein is
assessed as described elsewhere (Flanagan JG, Leder P (1890) The kit ligand: a cell

surface molecule altered in steel mutant fibroblasts. Cell 63:185-184).

@) 373 fibroblast and CHO spreading assays: The 3T3 spreading assays are performed as
described previously (Spilimann AA, Bandtlow CE, Lottspeich F, Keller F, Schwab ME (1998)
Identification and characterization of a bovine neurite growth inhibitor (bN1-220).
J.Biol.Chem. 273:19283-19293). CHO spreading assays are performed essentially the same
way as for 3T3 fibroblasts. Briefly, CHO cells are spliit 1:2. 24 hrs later they are trypsinised in
PBS-EDTA for 30 s and ~8000 CHO cslls are plated onto culture dishes precoated with 5, 1,
0.5 and 0.2 ng/well NiG or Nogo-66. After 30-45 min the cells are fixed with 4% (w/v) PFA,
5% (w/v) sucrose and then analysed as described Spillmann et al, supra). ~100 cells are
counted per well with light microscopy; criterion of spreaded cells: {(a) attachement to the
dish AND (b) extended morphology indicative for lamellipedia; under light microscopy the
cells appear darker and larger than not spreaded, round cells; non-spreaded cells are



pNogo- 66- AP cell lines were selected with 250 g/m Zeocin (lnvitrogen).
Both cell lines are adapted to serumfree nmedium (G bco) conditions and

grown in auﬁf‘i{}bﬂ&sb% chanber (Integra). Supernatants ap@rkeibiigeo
concentrated prior to use, and the concentration of fusion proteinis

assessed as described el sewhere (Fl anagan JG Leder P (1990) The kit
| igand: a cell surface nolecule alter® ¥tn steel nutant fibroblasts. Cell
63:185-194). g) 3T3 fibroblast and CHO spreadi ng assays: The 3T3 spreadi ng

assays are perfornmed as described previously (Spillmnn AA, Bandtl ow CE,
Lot t spei clomsidexed thepe FelisShatwed (a)/Eot(atigciaxd to thiedish PR attachexhtd the dish, but
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-8 000 CHO cells are plated onto culture dishes precoated with 5, 1, 0.5
and 0.2 g/well N G or Nogo-66. After 30-45 nmin the cells are fixed with 4%
(wv) PFA, 5% (wv) sucrose and then anal ysed as described Spill mann et
at, supra). -100 cells are counted per well with |light m croscopy;
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cel | s ar efaa@Tachitte rrechanl cally, trypsinised for 5 mnutes with 05%
trypsin (Sigma) in HBSS (G bco) and plated at a density of 3,000-5, 000
cells/cn2 in culture '

i) Retinal ganglion cell stripe assays: The retinal ganglion cell stripe assay is performed

according to Vielmetter (see Vielmetter J, Stolze B, Bonhoeffer F, Stuermer CA (1990) In
vitro assay to test differential substrate affinities of growing axons and migratory cells. Exp.
Brain Res. 81:283-287) with modifications (see Schmalfeldt M, Bandtlow CE, Dours-
Zimmermann MT, Winterhatier KH, Zimmermann DR (2000) Brain derived versican V2 is a
potent inhibitor of axonal growth. J. Cell Sci. 113:807-816). Explants are evaluated after
fixation with 4% (w/v) PFA, 0.1% (v/v} glutaraldehyde in PBS for 10 min at RT. For
immunostainings, fixed explants are blocked for 1 hr at RT with RNO-blocking solution (0.5%
(w/v} BSA, 0.3% (w/v) TopBlock (Juro Supply), 0.1% (w/v) NaNs in PBS), permeabilised for
10 min with 0.05% (v/v) Tx-100 in RNO-blocking solution, frozen for one minute at —20 °C
and incubated with primary antibodies (AS Bianca for NiR, AS Laura for Nogo-A, NiR-G,
NiG, NiG-D3 and NiG-D20, Novagen mAb anti-T7 for Nogo-C and beta-Gal control protein).
After washing with PBS, FITC- and TRITC (FITC: Fiuorescein-isoThioCyanate: TRITC:
Tetramethyl Rhodamine IsoThiocyanate)-conjugated antibodies (Jackson ImmunoResearch



mediumw th 100 ng/ Ml NGF. Assays were stopped after 24 hrs by adding 4%
(wv) PFA 5% (wv) sucrose in PBS, pH3. Cell culture dishes were coated
for PC12 celigsbfi6sane way as for 3T3 cells. i) Reti naﬁcgmb@@%ﬁell
stripe assays: The retinal ganglion cell stripe assay is perforne
according to Vielnetter (see Vielnetter J, Stolze B, Bonhoeffer F, Stuerner
CA (1990) In vitro assay to test differdntial substrate affinities of
growi ng axons and migratory cells. Exp. Brain Res. 81:283-287) with

nodi fications (see Schmalfeldt M Bandtlow CE, Dours- Zi mrer mann M,

W nt er hal t pabo@tbried) areddued (1 :R) (@ He@xp!Bntai Thetktmplexchre ebdrsipped/ 5096 @/v)

Gva uat ea BV 2§ IERRAR0R ORI Nact, oy Pl PhenybaRE Gt ol Genyde | n

PBS for 10 min at RT. For imunostainings, fixed explants are bl ocked for
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fragments In ssaﬁ reve that at least two
st ret ches iphibiiorg rmbof/mqspcﬁ@yrﬁrﬁmraﬁbah, Piare et igibitoreios fiereblastng of

freshly pl g8shing. These data show that the anti-spreading activity of Nogo-A on 3T3 fibroblasts
resides in two defined stretches located at the N-terminus (NiR-D2) and within the Nogo-A-

specific part (NiG-D20) of the protein. Non-specific physico-chemical properties (acidity of
the fragments, structural effects due to proline and serine residues) are not responsible for
this effect. The C-terminal RTN domain is not involved in the inhibition of fibroblast
spreading.

b) NiG-D20 Region of Nogo-A is inhibitory for neurite outgrowth: To determine whether the
fragments of Nogo-A that are non-permissive for cell spreading are also inhibitory for neurite
outgrowth, a series of bacterially produced Nogo-A fragments as well as eukaryotically
produced Nogo-AP chimeras in different neuronal assays are tested. In the siripe assay
(method 1), neurites avoid laminin/Nogo-A coated stripes, growing on the laminin-only
stripes, whereas stripes coated with laminin/beta-Galactosidase are not circumvented. Full-
length Nogo-A is strongly non-permissive for retinal ganglion cell (RGC) neurite outgrowth,
while the N-terminal part (NiR) had only marginal effects. Nogo-C activity is indistinguishable
from the control protein beta-Galactosidase. The Nogo-A-specific region NiG-D20 appears to



fibroblasts; nanely NiR-D2: (aa 59-172) and Ni G D20 (aa 544-725). Al the
fragments derived fromthe N Gregion displaying inhibitory activity (e.g.

N G D4 and )N Sgobiofaartially overlap with Ni G D20. M neerippiiofibshy
activity at high protein concentration is seen for NG D19 within.the

Ni G D6 regi on. Nogo-C, Nogo-66 and rat Peptide 4 (shown to be the

I nhi bitory regi on of Nogo-66 by GrandPré et at., 2000) are not inhibitory
for fibroblast spreading. These data show that the anti-spreading activity
of Nogo-A on 3T3 fibroblasts resides in two defined stretches | ocated at
the N-ter npniais tienmRinDeglon rasponsiiie for threndicrpomissive pelbity Pt RGC teyrté G- D20)  of
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growt h cones Stop en encount -coated stripes

nonper i s ahcoriécal deainimeniyaoesit r at i on- dependent . At | ower Nogo- A
concentrations the nunber of crossing fibers increased. No obvious
difference is observed between nasal and tenporal RGC neurites concerning
their respeifidseness to Nogo- A regions. A | am nin- independent,

NGF-r espo @fRH&o&étﬁ)@ %b@flm{éﬁ@blﬁ&hé §xﬁeﬁniéﬁ!snm ﬁriﬁe&@\ll@-@fzmls iﬂ%aieafb¥24 hrs

and then pl ated onto es co wi th_ bac al |y produced Nogo ragrrents
o0 15 AT A s oeuiernd (2638 é@w B0 Ubiaf LAeipBeroxeR and
Nogo- A- s ppamffeucznyrrs\garsmprﬂdﬁe GpLanMehibtaneb mgﬁemraﬁilcﬁrt@e@req;trémgd ¥s i nhi bited
PCL2 neur Idésecn eé &Btpéﬂ-l?i Karrllssor? &t %%z:[a MIE q‘:erugger?:r Qemmann M, Van Riezen H, Fagg -
G, Hall RG, Froest! W, Bittiger H (1990) CGP 35348: a cenirally active blocker of GABAB
receptors. Eur.J.Pharmacol. 1'87:27-38). Binding is performed for 1 hr at RT essentially as
describéd (Kaupmann K, Huggel K, Heid J, Flor PJ, Bischoff S, Mickel SJ, McMaster G,
Angst C, Bittiger H, Froest! W, Betller B (1997) Expression cloning of GABA(B) receptors
uncovers similarity to metabotropic glutamate receptors. Nature 386:239-246.) using 1.5 mi
fubes preincubated for 2 hrs with 1% (w/v) bovine serum albumin to reduce non-specific
binding. Membrane homogenates in HEPES buffer pH 7.4 (125 mM NaCl, 5 mM KCl, 0.6
mM MgCl;, 1.8 mM CaCl,, 20 mM HEPES, 6 mM dexirose} containing protease inhibitors
(Réche Diagnostics, Mannheim, FRG) are incubated with 1.3 nM iodinated NiG-D20 in the
absence or presence of increasing concentrations of unlabelled NiG-D20.

b) Flow cytometry: Flow cytometry and cell sorting are performed oh a Cytomation MoFlo
high-speed cell sorter {Fort Collins, Colorado). The flow cytometer is equipped with an
argon-ion/UV Enterprise Il laser tuned to 488 nm with 130 mW of power. Fluorescein (FITC)



fragment N R has onl y m nor activity, detectable only at high protein
concentration. Nogo-C and Nogo-66 are inactive. Exanple 2: Presence of

bi ndi ng si {f sbafs9832 N R-G and Ni G D20 on 3T3 fi brobl asf, 03/618460 COT i cal
brain nmenbranes: Methods: a) Radioactive |abelling and ié‘ﬁ! 0

experinments: |MAC-purified Ni G D20 is iodinated by ANAV\A Tr ad| ng SA
(Wangen, Switzerland) (2,030 G/ mol) U} hg Lact operoxi dase and purified
by reverse-phase HPLC. Menbranes fromrat brain cortex are prepared as
described (A pe HR Karlsson G Pozza Mr, Brugger F, Steinmann M Van

Ri ezen H, flyegecencs lsmllactmhrqulb@ﬁSD/M/nanqrtdpg@rﬂlw (Fpggwalysd@T%@mmasta

central l'y a%&été(&:e@ l\nﬁlﬁ I’E?e'i! U?Jso&'ﬁtﬁ?%uffe??(ﬁ@éd?rﬁwe drtferhedha cblsed etet - 38) -
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Di agnost i cgipmbayinheim FRG are incubated with 1.3 nMiodinated NN G D20 in
the absence or presence of increasing concentrations of unl abelled

Ni G D20. b) Flow cytonetry: Flow cytonetry and cell sorting are perforned
on a Cytomesultsn MoFl o hi gh-speed cell sorter (Fort Collins, Colorado). The
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Di ssoci ation Buffe Gb 81539 or med npl ex used to detect b| ndi ng

of N R G PbNgfdhe PE?@B'ER%@ tassepéfafﬁ' -BepPaeie @FPI?I%MNP Re@ogigtagn Thuswy c
anti body bh&ﬁé@)ud@rs%m etk df mlltimefisel, MPbadggedbh® INMAC- paﬁnem NIREG 1A 2C

Next, FIT at use I Gis ubat ed .
for addi tﬁB H@ﬂStﬁghaggrf@"GP‘f‘?%&f@hM 108?’13%5?‘?@ F@E B 09 i neric
conpl ex i Eﬁiﬂ:leﬂiﬂ)ptoﬁTS'Eb% mh@y alfmomdaﬂetebuﬁmoﬂﬁ 88%30ifthd8DhLelsIlm in a
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mAb complexed with a FITC-conjugated secondary F(ab). goat anti-mouse 1gG nor with the
secondary Ab alone. To test binding of NiG-D20 o rat cortical membranes, ['*®1]-labelied
NiG-D20 in a radioligand binding assay is used. At a concentration of 1.3 nM of [***I]-NiG-
D20, evidence for a specific NiG-D20 binding sites on brain membranes as shown by a
concentration-dependent competition of radioligand binding by unlabelled NiG-D20 is found.
These results show that aminoterminal fragments of Nogo-A can bind to the surface of 3T3
cells and to rat cortical membranes, demonstrating the presence of membrane-bound,
Nogo-A-specific binding sites or receptor(s).

Example 3: Generation of mouse 11C7-lgG1

Mice (C3H- and C57BI6/J-strains) are immunised subcutaneously with the synthetic peptide
SYDSIKLEPENFPPPYEEA (= rat NogoA_623-640; SEQ ID NO: 1), corresponding to a
particular epitope in NiG-D20. This epitope is highly conserved in human, cynomologus
monkey and mouse NiG-D20 Nogo-A spegcific region and starts at amino acid 623 and ends



cytonetry. Results: Presence of binding site(s) for Nogo A-specific active
fragments on 3T3 fibroblasts and rat cortical brain nenbranes: Since the

Ni R- D2 andwy fgodddesregi ons of Nogo-A are inhibitory fopchgbloosseadi ng and
neurite outgrowth despite the absence of Nogo-66 and independently of NgR

the presence of a separate, Nogo-A-specific receptor has to be postul at ed.
Thus bi nding studies are perforned of il ti meri sed, myc-tagged and

| MAC-purified NR Gto Iliving 3T3 fibroblasts that are anal ysed by fl ow
cytonetry. Ab-conplexed NNR-Gis binding efficiently to 3T3 cells as seen
by a fl uostavieneeid $HP pf thethumars NogoAratina duid gongengs! (SEQ IDNOCHH(Beaslsp 3T3

cells areg ngéﬁﬁnhﬁqt gfdupg yi ncubation with the 9E1 O primary nouse
anti-nmyc exed wth 'a FI TG conj ugat ed secondary F(ab)2 goat

anti-nouse 1gG nor with the secondary Ab alone. To test binding of N G D20
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bi ndi ng assax IS us con fration of nM of MI
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byI ab f|0ngﬁﬁéﬁeﬂbﬁt@kﬁﬁ?diwbboAmdotK@Ptr&degadl ?ﬂﬁa wwlet dapdpaa@sncba

unl abel | e | ese resu ow t ha

Fr agnent snereRisg eI 3 frkief Rgroutoiie pieg P peenetpa Bak ISR ohhip-o
cortical mmfcw la:ﬁaiaoéaiﬁl&m;&bﬂﬁmr&;sedhas pis-tesiged proddingrambpuaitied by thathl aﬂnmt};
NooAseC|| ndi ege S at i o)
roaee 13 beirpiraberieRy . Bebsiiabieiiy e R ENs0% bdr te b R L Soqdinii BENSEC-

subcut aneW¥estem ot tf dibedesyirociietaind bpsdiplysates (r&IDGINKLATHENREPiEfEdst¢d-for at
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am no aci sequence See al So sequence al i ment gure

SEQ |
1). mAb 1tested angecosaldnans BiG phyal n?ﬂilsedTU”@"f%@leW”%P"Q'ﬁPYﬁé Aghas 640 wi t h
the carri ghddyeRb rat, nitaYe Mhﬁnlmmkaﬁng@mﬁ MWhserh Slobs isala!Bi &hd i ce.

Monocl onal anti bodi es have been screene LI SA on rat
NogoA_6233’§Eﬁ9t“’KLH, rat NogoA 623-640 free peptide and a nonrel ated
peptide-KLH. In a further screen, the mAbs have been tested by ELISA on
NER-G Westemn blot analysis: SDS-PAGE and Westernblotting are performed as described earlier
(Huber AB, Weinmann O, Brosamle C, Oertle T, Schwab ME.(2002) Patterns of Nogo
mRNA and proteln expression in the developing and adult rat and after CNS lesions. J.
Neurosci. 22: 3553-3567), blocking is done with 3% (w/v) Top Block (Juro Supply, Lucerne,
Switzerland). Antibodies are diluted as follows: Purified monocional 11C7 or hybridoma

supernatants 1:150. Secondary antibodies are HRP-conjugate anti-mouse ((Pierce; 1:5000,)

1:50,000). Hybridisation with the 11C7 antibody is carried out over night at 4°C. For
detection the ECL detection reagents from Amersham Pharmacia arg used.

Resulis:
The 11C7 mAb identifies the 190 kD Nogo-A band on a Western blot of oligodendrocyte cell
culture homogenate. 11C7 also identifies human NiG, Cynomolgus NiG cell lysate and rat
NiG-D20 in western blots. 11C7 mAb is characterised as a IgG1 isotype (IsoStip Kit,
Roche).

Example 4: Characterisation of the mouse 11C7 mAb



versus b- Gal act osi dase, both expressed as his-tagged proteins and purified
by nmetal affinity chromatography. Subsequently, the mAbs have been tested

for recogniyd 9msms2oN0go-A on  Western bl ot of oli godendﬁ,e@ﬁ@m?@g rain
lysates (rat origin). Antibodies are tested for recognition o ﬁe protein

I n i munocytochem stry of rat Nogo-A-transfected CHO or COS cells and of
endogenous Nogo- A of rat oligodendrocyt®3- (permeabilised cells). They have
al so been tested for surface binding to living rat oligodednrocytes.

Speci es crossreactivity is tested on reconbinant Ni G of rat, nouse, hunan
and bovi némowingeytodbemisty Siptemeneligedmoysyies srerpieparad as desditiedi(Bcawdb,monk ey

Nogo- A b s |
oo pace” S teReNtrof); Tirks B fredley o] cultyRE GF on polE T Bt TS YS! S0
Vi nmann @ovasglips are wasbedwr:@ with ?BSSBXﬂdaIMWEWMD@@IOTPa@bYMPEﬂ N@fgtwlv)mNA
and prot e'sﬂcn‘éﬁﬁfﬂ% fams hirt 5&%9{%‘{&%%&'&% @ggaﬁ@%ﬁ-sﬁ&if.cm.@f %@f ﬁé@.t%p

| esi ons. uroscl. 22: 3553-356 done
Bl ock (Jurl@%=iuhFGS. Cellsayare thendpgubsated Mhmouswm GHOa . Sacendary apibgdies

follows: Ryg ?édt%ﬂtlmgé’mﬁ@ (JAdksorh lrﬁmuhaﬂwsb@t@mab&aﬂaﬂégat&%ﬁ s&ﬁak'éo
Secondary anti bodi es are -conéuL%at e anti-nmuse tg;g_@a?rce

1: 5000, )
1: 50, 000) SRR P datold FRIRPHHNEMR cUttiresAre fctigaied wit ?[?'l?&a’HIPPd)bWer ni ght
at 4C. Formedilgh fE RE Giin IRT.Edecot@irpalkalme pheghataks corijogatédeiitbbaies Bhignhmaci a

d. Results: The 11 C7 | i f t.h A band
Veat er n bIASEVEe: SpysgBRgi s B E Lehil o e it in v (A Bssng 5o "
identifi glsredgema(h HY. Ghe Eytupeandrg washedEwioel withl rleit aclarmdffenabncel‘dmt'&dnaiﬁne n < .t
t [ i |
pestern el bullg S FHELRFAT o B EReE, B 105 KBS vlsThS D o
PCT/ EP200 3iedGasidor 3 B2 at mormisoypetsdire miith 0riy's m@dmn! BCHre(Sigma) laing OcB3Adngdy/ t es
are prepar nqag%&kgﬂgpgéﬁjygﬁg? buffé’ Oni, 1988, Neuron). Three to five

day-ol d cu rown on'p ysine coated coversifps are washed tw ce
wi th PBS, flxed in 4% (w v) paraformal dehyde (PFA), 5% (wWv)" sucrose in

PBS for 13y, é@%@bﬁéﬁm@w BrebERtlt B @emaﬂfaaa%ﬁbfjnupedwqgaéﬁardcﬁre@ ocked

W th 0%(v/v 'l s were then incubated nouse 100) .

Secondar y L9 %’Bﬁieé &f oligpdensipayteg irqubaigt wih MRUSE1 1GAER SRt Fﬁﬁﬂ'ﬁﬁ‘@g'@?ﬂc h
Labor at or igigddenfi@tyt6 bl bowhbisfsmBeheir radial processes. The control mouse IgG and the

antibodies against the intracellular protein CNPase do not stain the living cells. Pre-
incubation of mouse 11C7 with the corresponding immunogenic peptide (= rat NogoA_623-
640 SED ID NO: 1) reduces stalning to background levels (competitive assay). Cell surface
staining is present on all major and small processes and on the cell body. Thus, the Nogo-A
specific part of the molecule recognised by mouse 11C7 mAb is exposed to the extracellular
space on the plasma membrane of oligodendrocytes.

Production and Furification of mouse 11C7 mAb: A 10-L glas bioreactor is used for
continuous-mode cultivation of the hybridoma clone producing the mouse 11C7 mAb. The
bioreactor is equipped with a matrine impeller placed in a center tube for gentle agitation, a
spin filter for cell retention, and coiled silicone tubing for bubble-free aeration. The
hybridoma cells are cultivated in our RPM! based serum free medium. The medium is
inoculated with cells at 3.7 x 10%/ml. After 28 hours continuous medium flow through the
bioreactor is started with a rate of 0.5 fermentor volumes /day (6 liters/day). Another 24
hours later the flow rate is increased to its final level of 1 fermentor volume/day (10
liters/day). After 1 week the culture reaches a steady state with 11 x 10°celis/ml and the
process is continued for another week. The titer of the mouse 11C7 mAb is determined daily



staining, two day-old rat optic nerve cultures are incubated with
nonocl onal antibody in nediumfor 25 mn at RT. Secondary al kal i ne

phosphat asgy§9fisldeRsLd antibodies (Mlan Analytica, Lalﬁqami;g()m@fs@mused at
1: 7,500 in 0.1 MW&?EIC acid with 1% (wv) blocking reagent (1 hr). The

cultures are washed twice with maleic acid buffer, once with aI kal i ne
phosphat ase buffer (0.1 M Tris-HC pH 938- 0.1 M NaCI, 5 MM MgCl Z) and the
staining is developed for 3 hrs at roomtenperature with 0.175 ng/m BCl P
(Sigma) and 0.338 ng/m  NST (Signma) in al kaline phosphatase buffer.

NogoA 623- h‘gAHPBhiA otk obf50Neye ciltyre egmnatatt ist Heevestdd frcsutrfeatﬂ@e@dto:csnbtalur ed
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105/ mM . After ctor is
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steady state wwth 11 cess I's continue

anot her wer@ktmebfr@sesqeé ;by SDS-RAGRwNde reducing q?mij Prs Usinget-20°% dgversardiemp
2004/ 0529§§e|£@ﬁ6&8ﬁ99§41%399ﬁ@a5m§§b3bﬁﬁe habdieat ﬁmﬁm@\meébd% LysdteqisaLgul ture

super nat a I s harvested fromi bi oreactor, sterjl filtéred fof renoval
of cells awactioaaccidipg fasthe manujackygringtctions indotell AG, aﬁ'"écrﬁ’ﬂ'nél%'ﬁ%%’ aPdd to

about 6 L using a Pellikon tangential flow device (MIlipore ; 10 kDa
cut-off). ng?eraﬁon of Fap, fragments: A portion of mouse 11C7 mAbD is extensively dialyzed against
100 mM Na-actetate, pH 5.5, 2 mM EDTA and adjusted to a concentration of 6 mg/mi. Fa,

fragments are generated by papain digestion (1:200 w/w ratio) in the presence of 0.25 mM

cysteine. The reaction is allowed to proceed for 16 hours at 37 OC and then stopped by the
addition of the specific papain inhibitor E64 (N-[N-(L-3-trans-carboxirane- 2-carbonyl)-L.-
leucyl]-agmatine) in large excess (10 #M). The digested antibody is then passed over a
column of protein A Sepharose Fast Flow in order to remove intact material and Fc
fragments. The Fy, fraction is extensively dialysed against PBS and concentrated to about 3
mg/mi. (Papain and E64 are from Roche Molecular Biochemicals ).

HPLC, Mass Spectrometry and N-terminal amino acid sequencing of V,, and Vy, regions:

a} Reduction and Alkyiation: Purified, diied 11C7 antibody are dissolved in 40 pl of 8M urea,
0.4M NH4HCO3, pH 8.3. 60 ug DTT (Calbiochem), pre-dissolved in 10 ul of the same
buffer as the protein, are added. Reduction is performed at 50°C for 30 min under argon
(100 fold molar excess of DTT over protein thiols). After reduction, the sample is cooled



concentrated supernatant is purified in 3 runs over a 220 ml bed vol une
colum of Protein A Sepharose Cl-4B (Pharmacia ; 11 cm bed hei ght)

Briefly, hhibH supernatant after pH correction t@-fmbdsSolzngded at 4
m/mn and%gddclo urm washed to base-line at 8 m/mn usf:n‘g]E 20({013

Na2HPO4, pH 8.1. Bound material is flnalg{ y eluted at 8 M/ mn using 50 nM
NaH2PO4, pH 3.0, 140 nM NaC and i medidtely neutralized (pH 7.0) with 5 N
NaOH and sterile filtered. Absorbance is nonitored at 280 nm Portion of
the purified material are eventually further concentrated by

ul trafil tratiodpora RINRsATatyres 804 ud obigeeasstamied Sigana Ulingel-Hif) dissolveddrethel n t he

purt 1 cat] oneniier b 1K 0Re MuckDOaloERAGSTARTGABEELN o st lovi oo

(Filtron Technol ogy Corporation) in order to renbve possible endotoxin
cont ani nat i ofegweragire fardé raigipthesado i M Pranepgagtasthanal is éé@’@ﬂ tosjuenahdhei vel y
washed w th @Q%qat hanol and all tubings/punps treated with 0.1 M NaOH

prior to use. Protein concentration i s measured spectrophotonetrically at
280 nm usiMglsalatiarofHeauys angdightChain: wagxaggdqr@qthnatﬁgpﬁqaw gngrigtehpigs of
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ragnments: Y s
100" N acrapapd el @G dabyl B il e Bl Bt e e AR ot o
ng/m . Feb . n%gm‘mwamr@ngéla)am ag%dray apapﬂltrdiwdi_eges; gadis(l2200% W iw8r at i 0)
in the presence: ! ?tg%%sd% asttz%ngso H’rﬂp_ reaction is allowed to proceed

for 16 hours at en stopped by the addition of the specific
papai n i ni®) biG-GEI-MS4 Maps ppectrometry ﬁmﬁgﬁd@ﬂb@mgaﬁéfof2Mi§enﬂh@ﬂyﬂll9mdbester,

| eucyl ] - agmu%dh@g'eﬂﬁoﬁﬁﬁﬁ%?bﬁd]tgnc!]eﬂwass-rgﬁcgbﬂ PS&L ol Jmﬁ%’ I's then

passed over a rotern A Sep ar ose 'n or to renove
i ntact nat er Migromasa Zetype eleginparaydonizafien seted (E5D: A@qws@nen@@rrgngﬁéﬁy di al ysed

agai nst PBS I?ﬁi@ai WESG@-EQ@@@a&@a@bQé&déﬁ andHrdBessdcRARR MasihERfware from
u

Roche Mol ec | oche Mass Spectronetry and N-term nal

amino acid s%%ll?éﬂ‘&f‘ ﬁbth6150@@5oémﬁz W’er'%@ﬁ’lﬁ‘ﬁéed bé()‘-'S'IQB(HhLF‘c‘F‘P'BPI’eé’HB‘QQ\I’] B at i on:
Purified, drpels &mﬁs@mdrhagb@@j‘;e(mw&sgt,w in 40 I of 8Murea, 0.4M

e il e 57 B3 T Pl s S0

under ar gon hdalfand lightl cinadh &rpeehomsssorod HPTTDOONRILC ﬂrswrﬂ'(mevﬂéu Phckard, Raloer

reduction, AR SATD5R) LfpBHRY &4 miisBH (B BEekHgE SRR e P dseptive
Biosystems POROS R1/H. The column is held at 60°C. Sample volumes of 10 pl are
injected onto the column using a CTC PAL autosampler (CTC, Zwingen, Switzerland}

~ fitted with a Valco model CBUW HPLC valve {Valco, Houston, TX, USA) and a 10 i
injection loop. HPLC was controlled by MassLynx software (Micromass, Manchester,
UK). UV detection is at 214 nm. Eluent A is water containing 0.05% TFA. EluentBis a 1:9
mixture of water : acetonitrile containing 0.045% TFA. A gradient from 20% B o 20% B is
run in 20 minutes at 80 °C. The flow rate is typically 60 pl/min. The total flow from the LC
system is introduced into the UV detection cell, then the ESI source without any splitting.
The HPLC system is controlled and the signal from the UV detector is processed using
MassLynx software (Micromass, Manchester, UK). The following 5 signals are detected:
Table 1:

Measured: Signal interpretation

A= 50959.0 Da | H-Chain with carboxamidomethyl-cysteine (CAMCys)*

B= 51119.5 Da | Signal A+162 Da (= hexose)*”




to roomtenperature. 304 ug of iodoacetamde (Sigma Utra, [-1149)
dissolved in the sane buffer as the protein is added.

Car boxam d §g0Nn is carried out at room tenperat inin
t he dark. WE@@?%M oet hanol is added to quench the ¥F§I£fg?({0%/%.§9@;

| sol ati on of Heavy- and Light-Chain: Carboxam donet hyl ated heavy and |i ght
chains of antibody are isolated by RevéPSe Phase Hi gh Pressure Liquid
Chr omat ogr aphy (RP- HPLC) on a Hewl ett Packard 1090M HPLC System wi th DR5
punpi ng system and _diode-array UV detector. The conditions for

chr omat ogr &Fh§1086e0 Dave | Signai Ae 125 ys)stdiain mish EAMEYS%100 mm col uim packed

with RL/H|mat eissilo ph! 0Widnst @ foBd @1 Lvents: (A) 0.1 %TFA in water
and (B) O. (r)%.(t% i/I'FA /| acet i I’rl‘lat rTfslzvvat(gnr 505%?4 gradient 25-70% B in 8 mnutes
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is held at 6 v : - iy Ni e he um usin
2CTC Par. acogRae e bR ot o BB BB g e Var oo
nodel CsUW Hett@nvabhamitalafficencyionisiming, lagdgndiigrgwithrektend Seqlience apalydis ton | oop.
HPLC was con Q/E%;é t : AR : K). W
detection i sélg@kéqge%e El U n?ﬁ)ﬁ’fﬂs-l %{]g?&%éo%tpgl ni ng %ﬁ%ﬂ%ﬁent Bis
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from 20% B t gy RR%cR: ézglmﬁ,t*rggcﬁ?._ﬁepl_l%mmn@s at 80 C. The flowrate is

typically 60 lal/mn. The total flow fromthe LC systemis introduced into
the UV detection cell, then the ESI source without any splitting. The HPLC
systemis m&pkd:ol | ed and the signal fromthe UV detector is processed using

MassLynx software (M cromass, Manchester. UK). The fol | ow ng 5 signals are
det ect ed: Frampass ahalysis homogeneous heavy and light chain of mouse 11C7-IgG1 are :

determined. The H-chain is single glycosylated and there are two forms with a difference on
the C-terminal Lysine. Total mass analysis of heavy and light chain shows a single mass for
both chains. HPLC chromatography of mouse 11C7-1gG1 shows a single peak. After HPLC
purification followed by reduction and alkylation pure heavy and light chain are available. N-
terminal sequence degradation is performed on light-chain and heavy-chain, 45 to 55 amino
acids from the N-terminal sequence of L-chain and H-chain are identified by sequence
degradation.
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Heavy Chain



Measured: Signal interpretation A= 50959.0 Da H Chain with

car boxam donet hyl -cystei ne (CAMCys)* B= 51119.5 Da Signal A+162 Da (=
hexose) ** \MQ, 20962052932 PCT/ EP2003/ 013960 -35 C= 51086¢PrPaosh@skal A+ 127
(Lys), HChain with CAMCys* D= 51251.0 Da Signal C+162 Da (= hexose)** E=
24464.8 Da L-Chain wth CAMCys *There ?aréi_tv\o types of H-chain present, one
with and one without Lys at the C-ternfnal end. The ratio of both forns is
approximately 50 : 50% **Both types of H chains have two correspondi ng

gl ycosylated forns (+162) d) N-termnal am no acid sequencing of VL and VH
regi ons: Gol fect®Y HE cRBi n£5pedRs form HPLC are used for sequence

anal ysi s. yAmynovyaciyd sequences are determned on a Hew ett Packard G 000A
N-term nal_ Protein_ Sequenci ng System The system perfaorns autonmated Edman
chem st ry%ﬁ”pﬁ%@@ﬁhvg?g%ﬁﬁ@&yﬁ&@%n m ni ature adsorptive biphasic
colums. An @pti mgzedashepgnst sy ned hod (doubl e couple 3.0) is used to
enhance ch'enj'ca e i%'enf;y; mnimze | ags and herewi th extend sequence
anal ysis t'o "about 50 fes du¥s. Anal ysis of PTH am no acids is performed on
an on- | i n@NVEMBWMRQARGKALBWHPEBPD HPLC System equi pped with a ternary
punpi ng systemand a narrowbore (2.1 nmx 25cm) PTH colum. Results: From
mass anal ysi s honbgeneous heavy and |ight chain of nouse 11 C/-1gG are

det er m ne#xamhlke §:1Citwing of shesheaylyand|ligbbelydingedesnoidmbhse $1GT mAbwo fornms with
a difference on the Ctermnal Lysine. Total nmass analysis of heavy and

|l ight chain shows a single mass for both chains. HPLC chromat ography of
nouse 11 Tdtal GEA issprepared ot dylisiaina calls @lonePLC7) ysing TriRiee reageitdRbahwed by
reduction ' AW i | s N-

ter m nal ggﬁﬂﬁ%%%@%@%ﬁ%ﬁﬁ%. Pt et Sitho FRARoBHER AURBN Bor Noai .
45 to 55 shiNAsynthesielsnfiNG in iselateffroey abore Propeigd &ofald3Nh using Rigetexinesit: chai n

are ident idhigsh @ermad)eRCe 7o82g9r adation. Light Chain 1 5 10 15 20 25 30

cDNA is generated by reverse transcription using the following conditions; 2 41 mRNA, 2 4l .
10 x reverse transcription buffer, 2 gl (dT)zo primer (10 M), 0.5 yi RNasin {Promega, 40
U/ml), 2 ul dNTPs (5 mM each), 1 gl Omniscript™ reverse transcriptase (Qiagen, Cat #

~ 205110), 10.5 ¢ ddH;0, Reaction:thr at 37°C. For PCR amplification of cDNA encoding for

™ DNA polymerase is used.

the V, and V|_the proofreading enzyme ProofSta
PCR of light and heavy chain; Reaction mix: 2 ul cDNA , 5 4l 10 x reaction buffer, 3 yl
dNTPs {5 mM each), 2 ul 5'primer (10 M) (see Table 2), 2ul 3'primer (10 M) (see Table 2),
1 11 ProcfStart (Qiagen, Cat # 202203), 36 ul ddH,0. PCR conditions: 95°C/5 min, (95°C/40
sec, 53°C/H min, 72°C 1 min) x 35, 72°C/ 10 min. The resuiting PCR products are ligated
directly into pCRbluntTOPO (invitrogen). The ligation mix is transfected into TOP 10 cells
(Invitrogen) and several clones are picked. The nucleotide sequences of the variable part of
the heavy chain of the 11C7 mAb (V-H, SEQ ID NO: 43) and of the light chain of the 11C7
mAb (V-L, SEQ ID NO: 44) cDNas are determined on an ABI sequencer. The subsequent
amino acid sequence of V-H and V-L are shown in SEQ ID NO: 2 (V-H) and SEQ ID NO: 3
{(V-L). Primers used for PCR amplification of the Vi; and V, ¢cDNAs; all primers are
synthesized by MWG Biotech, Germany.

Table2:
Primer Sequence SEQ ID




V V DVLLTQTPLTLSI Tl GQPASI SCKSSQSLL 31 35 40 45 50 55 60 V
HSDGKTYLNW.LQRPGQ Heavy Chain WO 2004/ 052932 PCT/ EP2003/013960 -36- 1 5

10 15 20 283ygQuoipfesESCOELVQPGGSLKLSCVWSGFDFR 31 35 40 pd§/p%0331368 vV Vv
RI\IVWSV\X/RQAP&%LEW GEl NPD Exanple 5: Coning of the heavy and light chain

genes of nmouse 11 C7 mAb Total RNA is prepared from 107 hybridoma cells
(clone 11 C7) using TriPure reagent (R(')@ﬁé di agnostics, Germany, Cat.#
1667157) according to the manufacturers instructions. For cDNA synthesis,
MRNA is isolated from above prepared total RNA using AQigotex Resin

(Q agen, Germany, cat.| # 70022) cDNA is generat ed by reverse trarjN@i pt| on

usi ng t hg=op Tg—Cat Xx—teverse—tt+at Fpt+Hon

buffer, 2 V l'(agd r20 pri ne WT%M%CE@A\G %am n (Pronega, 40° U }’195 2 Ipl

dNTPs (5 rﬂvcaach) 1 ITTGQGMﬂQQWQﬁ@T@TwGGWEEGM@ ase (Q ager 40Cat  #

205110), e I’;"rdH RBeaciy - af—eBNA
' for e[éH Y

3 aII}JITII Uu.l.l UI T A\ =]
encodi ng nﬁfﬁm ”B??&‘Gb nql Ie| ﬂy roof Start T™M Dﬁz
pol ymeras@’f}ahmged P(WGGWA@@W@@A@;&T@M@@ Reaction mx: 2 [pi2 cDNA ,
5 p| 10 xX—+eaction—buffer ; 3 pr aiNFPs \.) vt ca\.,h), 2 p' 5 pret \10 p!\vl;
(see Table 2), 2p13 priner (10 pM (see Table 2), 1 pl ProofStart (Q agen,
Cat # 202203), 36 pl ddHZO PCR conditions: 95C/5 mn, (95C/ 40 sec, 53C1

i rect Ly FEApbled B 1 o ﬁagéﬁwﬁﬁhé%%smﬁ%e@%i o igated
into TOP 10 ceI s (Invitrogen) and several clones are picked. The
e o o B RRT b or S chas i o d Ay ORGSO Bl
| D NO 44)Pﬂﬁ:ﬁi|a§ul/aue&!) w@drﬁnderwubﬁeéﬁ hABIS a$ eepiieieoweratarpePlgtes ceqyfickad and -
refilled with 200ul/well blocking buffer (PBS+2% BSA), covered and incubated. 1h at RT or
overnight at 4 °C, then washed 4 times with water and PBS. Different concentrations of
mouse 11C7 mAb or 11C7 Fab are diluted in PBS +2% BSA (100 ul/well), and incubated 2h
at RT or overnight at 4 °C. Wash step is repeated and Goat anti-mouse IgG conjugated with
horse radish peroxidase (HRP) at a dilution of 1:5000 (ICN #55550) in PBS/0.1%BSA
/0.1%Nonidet 40 (100 ﬁllwell) is added and incubated. 2h at RT or overnight at 4 °C and
wash step is repeated. HRP reaction is started by adding 100 ul/well BM blue POD (Roche
" #1484281) and incubated in the dark at RT for 15 minutes . H2S04 50ul/well 1M is added to
stop HRP substrate reaction and the optical density is determinated using a microplate

Q) f\TS

reader (Packard Spectra Count) set to 450nm.

The mouse 11C7 mAb binds to human NiG, rat NiG, mouse NiG, rat NiG-D20 and peptide
472 at very low concentrations of 0.02 io 2.5 nM. Binding to human NiG, rat NiG, mouse NiG
at very low concentration is confirmed by the very high affinity (Kd 0.1 — 0.44nM Biosensor
affinity measurements) and Is consistent with the fact that 472 peptide with the exception of
2-3 amino acids is identical in human compared to rat and mouse equivalent region. The
specificity of the binding is indicated by the fact that the mouse 11C7 mAb does not show
any binding at all to rat NiG-D& and Nogo-66 fragments over the same concentration range.
The Fab monovalent fragment bound to human NiG and rat NiG-D20 at concentrations
0.025 to 25nM and showed no binding to rat NiG-D6 and Nogo-66 fragments over the same
concentration range. The Kd measured by Biosensor was 7.14 nM for human NiG.



am no acid sequence of V-H and V-L are showmn in SEQID NO 2 (V-H and SEQ
IDNO 3 (V-L). Primers used for PCR anplification of the VH and VL cDNAs;

al | primersyghgapyshesi zed by MAG Bi ot ech, Gernmany. Tq&ﬁﬁmoﬁfoiﬁa{
Sequence SEQ I D WO 2004/ 052932 PCT/ EP2003/ 013960 -37 NO -VL | eader

AATATGAGTCCTGCCCAGITCCTGITTC 39 3' - Cx TTAGGAATTCCTAACACTCT CCCCT GITGAAG 40
5'-VH | eader AATATGGATTTTGGGCTGATTTTTTTFATTG 41 3' - CH hi nge
AATTGGGCAACGTTGCAGGTGACG 42 Exanple 6: Binding of 11 C7 and Fab to Nogo-A
dormai ns using ELI SA Greiner 96 well PS plates (#655161) are coated with

0. 4- 2ug/ ni Exestpe 3t Biosensenaffipibnmeasyremepis for oouse LT Ja@band Eab dmbiogo-A

I ncubat ed ‘f"’”’?‘ﬁ £s at roomtenperature. Plates are flicked and refilled

wi th 200ul bl ocki ng buffer (PBS+2% BSA), covered and incubated. 1 h at
RT or overnight at 4 C, then washed 4 tinmes with water and PBS. Different
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r at | 7 | ow ,C entrat of 0.02 to 2.5

M B ndi MYTBERR AR RPB oeEen & antia s B Bt P ROED R BB & porien | s
confi r med deyplirigdeveds sliowingtafiity measyrenkotsOTHe deaﬁtwﬁﬂmﬁhemmng l\hI’Sf-esmert y
measur ene e t he
excepti onrl‘%?ap g% gﬁgﬁ]neﬁlgdqyjlé?%@mogé‘é%gml\ﬁ%tf{aﬂ&&mﬁéﬁ‘%d%@ﬁloﬁ @des and
nouse equisuibemo! thegensoer chihis reggnetdted by injectifo Guh8. 1M MG Rgr ths maaaur@meebbfby
the fact thabshRPinERHfSodles o infBokd MR BfteRM coHigMration, ranging from 0.50nM to

100nM at a flow rate of 200 ul/min. After each injection the sensor chip surface is -

regenerated with the injection of 10 ul 0.1M HCI without loss of binding activity on the

surface. The kinetic constants, ka and kd and the affinity constants KA and KD are evaluated

using the BlAevaluations 3.0 software supplied by the manufacturer.

Affinity measurement in BlAcore: The Kinietc and the affinity binding constants of the mouse
11C7 mAb and the 11C7 derived monovalent Fab fragment to recombinat NogoA are
measured in real time using surface plasmon resonance (SPR) technology (Biacore). For
this analysis recombinant human, mouse and rat NIGs are coupled on three independent
sensor chip surfaces and different concentrations of the antibodies are injected. Kinetic
parameters of the binding interactions are derived from the sensorgrams by non-linear curve
fitting. The affinity constants at equilibrium of mouse 11C7-1gG1 are KD= 0.1nM, KD= 0.4nM
and KD= 0.19nM for human, rat, and mouse NIG respectively (table 3). For the 11C7 derived
Fab fragment the affinity constant to human NIG is KD= 7.14nM. The lower affinity of the
Fab fragment results from a decrease of both kinetic constants, association and dissociation
(ka, kd). Lower affinity of the Fab fragment compared to the complete antibody is probably
related to the avidity effect, which is lacking in the monomeric Fab.

Table 3:
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and KD= 0.19nM for human, rat, and nouse N G respectively (table 3). For
the 1 1C7 derived Fab fragnent the affinity constant to human NIG is KD=
7.14nM The lower affinity of the Fab fragnment results froma decrease of
bot h ki néY9 e8¢ ant s, associ ati on and di ssoci ati on PEKEPZRENI3%0owner
affinity of the Fab fragrrent conpared to the conplete antibody is probably
related to the avidity effect, which |4§ Iackl ng in the nononeric Fab. Table
3: WD 20041052932 PCTI EP2003/ 013960 9 IC7 Ka (I /M) kd (i/s) KA (MKD
(M  HumanNi G 4.48 x10 4.6 x10' 9.73 x10 1 03 x10" Rat NG 8.76 x10 3.89
x10 ---Qt-Z-S-x-l-OO .25 x10 4.44x10'" " Mouse NIG 5.52 x10 1.06 x10 5.2
x10 1. 998 11 7 Fab Ka (1/ M) kd (1/s) KA(M") KD (M HumanN G 7. 29
x10 5.28 x10 1.4 x10 7.14 x10 WD 21D041052932 PCT/ EP20031013960 . 40.

Cains: 4, Aabindifighaclecdieetich isbapsbie of thairaploahe hulian NogaAtpahipestidesen

NP0 ot W e s AT bR S ol i g B

di ssoci at i onan@skiagss S23EA0BEMND NOOBwihsediesdoidtieagbnaant annmmmma:m ndi ng

?\Iy:)grv;?: Sbf‘é&%&@%bﬁ Bprope Jetiger B0 Sithebeld S TG Sl FOR ARG either
hyper var | ahl ejnrseg umﬁt@p&vdrm&tm R Dol Cosizs abd COFS, bf REIh vatient

hyper var i abi e r i ons (SEQ 10 NG 9)

and CDR3- 110 argf ﬂ%’%’%ﬂ%‘@%‘ﬁéﬂﬂgﬁw% Bfe regions
CDRL', CDR2', hyatvesibiig regi@tﬁs @bReh 16FqBEQS ID NOeshTDERRrGRBED I3 BICY aﬁde at

R S0 Mo R B TR NS S o)™ DT LD o gt one) R 1101
« in sequence the hypervariable regions COR1’, CORZ', and CDRJ', of which sach of
the hypervariable regions are at least 50% homologous to thelr equivalent
hypervariable regions CDR1-11C7 (SEQ (D NOG: 11), COR2-11C7 (BEQ 1D NO: 12)
and CDR3-11C7 (SEQ 1D NO: 13),

2. A binding molecule which Is capable of binding to the human NogoA polypeptide (SEQ
1D NO: B) or human NIiG (SEQ 1D NO: 7) or human NiG-D20 (SEQ 1D NO: 24} or
human NogoA_823-840 (SEQ 1D NO: 8) with a dissoclation constant < 1000nM and
comprises

» g first antigen binding slte comprising in sequence the hypervariebls regions CDR1,
CDR2, and CDR3, of which each of the hypervariable reglons are at laast 50%
hemologous to their equivalent hypervariable regions CDR1-11C7 (SEQ ID NO: 8),
CDR2-11C7 {SEQ 10 NO: 9) and CDR3-1107 (SEQ 1D NO:; 10); and

« @ secord antigen binding site comprising in sequence the hypervariable regions
CDRY1', CDR2Z', and CDR3', of which each of the hypervariable regions are at least
50% homologous to their aguivelent hypervarlable reglons CDR1-11C7 (SEQ 1D NO:
11), CDR2-11C7 (SEQ 1D NO: 12) and CDR3"-11C7 (SEQ ID NO: 13).

3. A binding molecule which comprises at least one antigen binding site, said antigen
binding site comprising elther



2. A binding nol ecule which |Is capable of binding to the human NogoA

pol ypeptide (SECT ID NGO 5) or human NICE (SEQ ID NO 7) or human N G D20
(SEQ ID NO. 24) or hunman NogoA .823-640 (SEQID't O 8) with a

di ssoci at i omw@ewgpsassz < 1000nM and conprises a first antipenebionghgesite

conprising I n sequence the hypervariable regions CDRL, CDR2, and CDR3, of

whi ch each of the hypervariabl e regions -a%-at |east 50% honol ogous to

t heir equival ent hypervarlable regions CDR1-11 C7 (SE:Q ID NO 8),

CD82- 1107 (SEQ I D NO: 9) and ODR3-1107 (SEQ ID NO 10); and a second

antigen binding site conprising in sequence the hypervariablie regions
lCDRI ", Sszow 'h,. al fs G atheﬁ:ypbm rvatalsia edyics mmremycer(sglai 1Bie: $ﬁ@'mCDR“1im€1atC7
east o honmo ) L hei.r l, variabl e regions ' =
(SEQ I D NO 11}"?’9@%?&&&4 *yﬁﬁgﬂﬁmﬂﬁva' 11 07 (SEQ ID NO
13) .. 3. A bindifggieh@cikypbivahase ré M-mm*-hmﬁamm RIGE H gL CHRA i
site, said anti %é] qﬁgwl n?ysi t@ﬂc%?q'?rgr s% ﬁiﬁﬁier 2004( 052}332 o
PCTI EP20631013969EQ I ML 12) gad AR ( Q‘gé W B regi ons GDRi - 1107
(SEQ ID NO &, dfb¥téudi@ibnistiigot.D NO 9) and CDRS-1 1 C7 (SEQ ID NO 10);
or in sequence the hypervariable regions CORI'-11 C7 (SEQ I D NO. 11),

CDR2'-11 C7 (SEQ ID NO., 12) and CDRS -11C7 (SEQiD NGO 13); or direct

equi val eni4s t hex siading Aoldbuls cuhhmisingol ecul e conprising a first antigen

bi nding site conprising ip sequence the hypervari apl e regiq CDR1 - 07

(R0 1D o 8] - Btanger bing P sorBeiog Mot ebsene Fvporatuds feis G, -

and a second artiCgeSEQ IDNOOS) CDRZ PITY {SHA D NO: 9RaNE CORI MRS gED yRNCabl e

regi ons CODR1' é%%)? SEQ I D NO 11), 1-1107 (SEQ ID NGO 12) and

CDRS -11C7 (SEQYS™NO., 13); or direct equivalents thereof. 5. The

bi ndi ng ol ecul § @e6eRd itiiknindh@EiScompriding iMBbGIerRe NS hiRivetlableS@glons One

I mmunogt obufi n heav%/ chain or fragnment thereof whi (l:h conpr | ses-%ﬁ? a

vari abl e CORT-11C7 (SEQ 1D NOT11), CDR2-11C7 (SEQ 1D NO: 12) and CDRS-11C7
{SEQ ID NO: 13); or ' ‘

+ diract equivalents theraof.

5.  The binding molecule according to claims 1 to 4 which comprises at least

« one immunoglobulin heavy chaln or fragmant thereof which comprises-{i) a variable
domain comprising in sequence the hypervarlable regions regions CDR1-11C7 (SEQ ID
NO: 8), CDR2-11C7 (SEQ ID NO: 9) and CDR3-11C7 (SEQ 1D NO: 10} and (i) the -
constant part or fragment thereof of a human heavy chain; and

+ one immunoglobuiin Bight chaln or fragment thereof which comprises (i) a variable
domain eomprising in sequence the hypervariable regions CDR1-11C7 (SEQ 1D NO:
11), COR2"-11C7 (SEQ 1D NO: 12) and CDR3-11C7 (SEQ ID NO: 13} and {ji} the
constant part or fragment thereof of a human light chain; or

= direct equivalents thereof.

6. The binding molecule according to claim 5 in which the constant part or fragment thereof
of the human heavy chain is of the y4 typé and the constant part or fragment thereof of
the human light chain is of the « type.

7. The binding molecule according fo claims 1 to 6, which is a chimeric or humanized
monoclonal antibody.



domai n conprising in sequence the hypervarl abl e regions regi ons CDR1-111 C7
(SEQ 1D NO 8), CDR2-1107 (SEQ ID NO g) and CDRS-1107 (SEQ ID NG 10) and
(ID the constant part or fragnment thereof of a human heavy chain; and one
| mmunogl obulin |ight chain or fragment thereof which conprises (1) a

vari abl &0 g3 onpri sing i n sequence the hypetvari abUBEPHYS/013860CDR1' 41
G/ (SEQ ID NO 11), CDR2'-11C7 (SEQ ID NO 12) and CDRS' -1107 (SEQ 10 NO
13) and (ii) the constant part or fra#@went thereof of a human |ight chain;
or direct equivalents thereof. 6. The binding nolecule according to claim
5 in which the constant part or fragnent thereof of the human heavy chain
is of the g4 - e t.he, n

| Taht chai i 1/ Aol e caRplaG pORpORI sbaAEES as ShEMT T SRR IDIND AN, 4
to 6, which i8EQRMNHic or humanized nonocl onal antibody. WD 2004/ 052932
PCTI TEP2003/ 013960 -42 8. A binding nol ecul e conprising pol ypeptide
sequences gis A%Wﬂuél@otﬁé@oh@r%@g_p%lyﬂﬂaeotﬁégenl:@h@a bihdirg mAeBAL ¥BABHIIRGtd de
conpri sing pol ynucl eoti des encoding a binding nolecul e according to any of
clains 1 to 8aMYFIBMBJItgBucl eoti de conprising either polynucl etida
sequences as shown in $EQ ID NO 14, SEQ ID NO 15 and SEQ ID NO 16; or
pol ynuci eti de sequences as shown In SEQ ID NGO 17, SEQ ID NO 18 and SEQ ID
NO ~ 19. 181 . Arpaliwelegticdiepormiising elwkpri si ng pol ynucl eot i des according to
any one of ¢l ahiBueiida =el , BEd | y ATRI: ! . .
pol ynucl eot i dgblgzﬁ;%%?ﬁoﬁlsgfh@ gni%yas@r?lngﬁﬁéﬁ ?Pg tﬁ}@lég?%?ééfg, Méﬁg{%@aﬁ%m NO:
expressi on syd6e¥h or part thereof is capable of producing a polypeptide of

oresont i n 4 EaRudol saubieh by PSRRI YA SRS ek HelapelSi BOhvo:®

conpri ses an 8Rpression systemaccording to claim12.

11. An expression vector comprising polynucleotides according to any one of claims 9
or 10.

12.  An expression system comprising a polynucleotide according to any one of claims
9 or 10, wherein said expression system or part thereof is capable of producing a
polypeptide of any one of claims 1 to 8, when said expression systems or part
thereof is present in a compatible host cell.

13.  Anisolated host cell which comprises an expression system according to claim 12.
14.  The use of a binding molecule according to any one of claims 1 to 8 as a pharmaceutical.

15.  The use of a binding molecule according to any one of claims 1 to 8 in the treatment of

nerve repair.

16. A pharmaceutical composition comprising a binding molecule according to any one of
claims 1 to 8 in association with at least one pharmaceutically acceptable carrier or
diluent.



14. The use of a binding nolecule according to any one of clains 1 to 8 as
a pharmaceutical. 15. The use of a binding nolecule according to any one
of claims 1 to 8 in the treatnent of nerve repair. 16. A pharnaceuti cal
conposi t i orWE3MISEISAg a bi ndi ng nol ecul e accordi ng to anPCEAF2HBAOLEBRKI ns 1
to 8 in association with at | east one pharmaceutically acceptable carrier
or diluent. WD 204/052932 PCTI EP20031014&P60 -43 17. The use of an

ef fective anmount of a binding nolecule according to any one of clains 1 to
8 '"in the manufacture of a nedicanment for the treatnment of diseases
associated with nerve repair.

17.  The use of an effective amount of a binding molecule according to any one of claims 1 to
8 in the manufacture of a medicament for the treaiment of diseases associated with nerve

repair.



