I NOGO A Bi ndi ng Ml ecul es and Pharmaceuti cal Use Thereof This invention
rel ates to NogoA bi ndi ng nol ecul es, such as for exanpl e nonocl onal

anti bodi es or Fab fragments thereof. Neuronal regeneration following injury
in the adult central nervous system (CNS) is limted due to the presence of
the inhibitory nmyelin environment that Ensheaths axons and formation of
scar tissue. In the last few years inportant insights have been gained into
t he nol ecul ar understandi ng why the CNS is unable to spontaneously repair
itself followng injury. Inhibitory nolecules in the nyelin are the major

| npedi ment for the axonal regeneratlon_ particularly imrediately after the
| nj ury. N&G&@-Ay Bindiga AMolppules 2 BRSO EQpEER®BIi n (MAG and

nyel i n- oi i godendrocyt e glycoproteln (cmgp) have been characteri sed as potent
inhibitors of neurite outgrowth. In addition, nyelin also contains other
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(GTPase whi ¢ch appears to be a Key link in the inhibition 6f axonal grow h.
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neutral '59% é@%hﬂ)‘iﬁtg eb?on%‘ SM in vitro and in vivo via the neuronal receptor NgR. In
addition to Nogo-66, MAG and OMgp also bind to the NgR with high affinity and inhibit

neurite outgrowth.

~ Potential new research approaches currently pursued for enhancement of nerve repair
include digestion of scar tissue using an enzyme chondroitinase ABC, bridging fechniques
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 tris-
phosphatase (GTPase), which appears to be a key link in the inhibition of axonal growih.
Cyclic adenosine mono.phosphale (cAMP)} which can overcome myelin associated inhibition
in vitro and induce regeneration 'in vivo. Use of peplide inhibitor of the NgR receptor (NEP 1-
40) to induce neuronal regrowth and functional recovery in rats following sbina! fnjury.

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



inhibitory activity of NogoA. Thus it has been shown that the nonocl onal
antibody IN1 or the 2 IN1 Fab fragnment thereof induce neurite outgrowth
in vitro and enhance sprouting and regeneration in vivo (Schwab ME et al.
(1996) Physiol. Rev. 76, 319-370). Testing different domains of the NogoA
for neurite growth inhibitory acitvity hrave delineated several inhibitory
domains in the nolecule (Chen et al. (2000) Nature 403, 434-439; G andPre
eta |. (2000) Nature 403, 439-444; Prinjha at al. (2000) Nature 4083,
383-384. Natural inmunoglobulins or antibodies conprise a generally Y-
shaped nultirneric nolecule having an antigen-binding site at the end of
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319- 370)in close proximity by the framework regions which largely adopt a p-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 detérmination 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 monoclonal human antibody (hereinafter
called “3A6") raised in Medarex Mice {genetically reconstituted mice with human immuno-
globulin genes) against human NiG and of the IgG type has better properties than the
NogoA antibodies of the prior art (Schwab ME et al. (1996) Physiol. Rev. 76, 319-370),
especially with regard to the binding affinity to NogoA of different species including the homo
sapiens and with regard to its higher Nogo-A neurite outgrowth neufralizing activity at a given
antibody concentration. Moreover it is now possible to construct other NogoA binding

molecules having the same hypervariable regions as said antibody.



especially wwth regard to the binding affinity to NogoA of different species
I ncl udi ng the horno sapiens and with regard to its higher Nogo-A neurite
outgrowt h neutralizing activity at a given antibody concentration. Moreover
it is now possible to construct other NogoA binding nolecules having the
sanme hypervariable regions as said antilody. 3 Accordingly, the invention
provi des binding nolecules to a particular region or epitope of NogoA
(hereinafter referred to as "the Binding Mlecules of the invention" or
simply "Binding Mblecules"). Preferably, the Binding Mlecules of the .

I nvention bind human NogoA 342-357 (epitope of 3A6 in human NNG = SEQ ID
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const antassay0eg. aﬂWescnhechbeluwt her preferred embodi ment t he Bi ndi ng Mol ecul es
of the invention conprises at |least one antigen binding site, said antigen
bi nding site conprising in sequence, the hypervariable regions. CDOR Hl- 3A6,
CDR- H2- 3Atusaida CEReHBreBAfed arabodicioRt Hia BmﬁnglMoiemgleel(at acom@entationolequence

andt sa o SRS PislaR P i oh R PR e e U S VR O BROE 208 tand: di r oet
equi val e suigifieredPhnce the number of neurites of rat cerebellar granule cells on a substrate of
monkey brain protein extract by at least 20%, preferably 50%, most preferred 80%
compared to the number of neurites of rat cerebeliar granule celis which are treated with a
control antibody that does not bind to the human NogoA, human NiG or NogoA_342-357
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 CDOR-H1-3A6, COR-H2-3A6 and CDR-H3-3A6; said CDR-H1-3A6 having the amino
acid sequence SEQ ID NO: 8, said CDR-H2-3A6 having the amino acid sequence SEQ 1D
NOQ: 9, and said CDR-H3-3A6 having the amino acid sequence SEQ iD NO: 10; and direct

equivalents thereof,

In a further aspect of the inventioh the B.inding Molecule of the invention eo.m;‘)rises at least

one antigen binding site, said antlgen binding site comprising either

a) in sequence the hypervariable regions CDR-H1-3A6, CDR-H2-3A6 and CDR-H3 3AB;
said CDR-H1-3A6 having the amino acid sequence of SEQ ID NO: 8, said CDR-H2-3A6
having the amino acid sequence of SEQ 1D NO: 9, and said CDR-H3-3A6 having the
amino acid sequence SEQ D NO: 10; or |



In a further aspect of the invention, the Binding Mlecule of the invention
conprises at least one antigen binding site, said antigen binding site
conprising either a) in sequence the hypervari abl e regi ons CDR-Hl- 3A6,

CDR- H2- 3A6 and CDR- H3- 3A6; said CDR-H1-3A6 having the am no acid sequence
of SEQID NO 8, said CDR-H2-3A6 having the am no acid sequence of SEQ ID
NG 9, and said CDR-H3-3A6 having the amno acid sequence SEQ ID NO 10; or
4 b) in sequence the hypervariable regi ons CDR-L1-3A6, CDR-L2-3A6 and

CDR- L3- 3A6, said CDR-L1-3A6 having the am no acid sequence of SEQ ID NO 11,
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domai n conprising in sequence the hypervariabl e regi ons CDR-L1-3A6, CDR-
L2-3A6 and CDR-L3-3A6, said CDR-L1-3A6 having the am no acid sequence of SEQ
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CDR-L3-3A6 having the amino acid sequence of SEQ 1D 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 3A6 (SEQ ID NO: 2); or

- b) the varia_ble part of the light chain of 3A6 (SEQ 1D NO: 3), or direct eqtjivalents thereof,

When the antigen binding site comprises both the first and second domains, these may be
located on the same polypeptide molecule or, preferably, each domain may be on a different
chain, the-ﬁrst domain 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 human or chimeric or humanized antibodies or any fragment thereof, e.g.

F(ab");; and Fab fragments, as well as single chain or single domain antibodies.

A single chain antibody consists of the variable domains 6f an antibody heavy and light
chains covalently bound by a peptide linker usually consisting of from 10 to 30 amino acids,
preferably from 15 to 25 amino acids. Therefore, such a structure does not include the



Exanpl es of Bi nding Ml ecules of the invention include antibodies as
produced by B-cells or hybridomas and human or chineric or humani zed
anti bodi es or any fragnment thereof, e.g. F(ab')2; and Fab fragnents, as
wel |l as single chain or single domain antibodies. A single chain antibody
consists of the variable domains of an anti body heavy and |ight chains
coval ently bound by a peptide linker usually consisting of from10 to 30
am no acids, preferably from1l5 to 25 am no acids. Therefore, such a
structure does not include the 5 con slant part of the heavy and |ight
chains and it is believed that the small peptide spacer should be |ess
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_preferably of the x type.

Monoclonal antibodies raised against a protein naturally found in all humans may be
déveloped in a non-human system &. 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 prblonged period of time. Therefore it is particularly pfeferred 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

a) one immunoglobulin heavy chain or fragment thereof which comprises (i) a variable
domain comprising in sequence the hypervariable regions CDR-H1-3A6, CDR-H2-3A6
and CDR-H3-3A6 and (ii) the constant part or fragment thereof of a human heavy chain;
said CDR-H1-3A6 having the amino acid sequence (SEQ 1D NO: 8), said CDR-H2-3A8



single chain, single domain, chineric or humani zed anti bodi es which are not
likely to elicit a substantial allogenic response when admnistered to
humans. I n view of the foregoing, a nore preferred Binding Ml ecule of the
invention is selected from a chineric antibody, which conprises at |east a)
one i nmmunogl obul in heavy chain or fragment thereof which conprises (i) a
variable domain conprising in sequence the hypervariabl e regions

CDR- H1- 3A6, CDR-H2-3A6 and CDR-H3-3A6 and (ii) the constant part or
fragment thereof of a human heavy chain; said CDR H1l- 3A6 havi ng the am no

acid sequence, (SEQ ID NG 8), said 6 havi n he I N cid
sequencg ($’E®n§~3l§"‘?\@m@3 ac'ﬁﬁﬁqg%cﬁ @%R IEEEQAQ) Rad say Q'-?n ﬁf‘&g}’“&ﬁg ﬁ"esequence

(SEQ I D NO ;iR a @%qgén@SEWW'mPlﬂnUn l'ight chain or fragment thereof
whi ch conpri ses % vari ab domai n conpr|3|ng i n sequence the

hyper var babsine wgm@ﬁ@b@mhw chguaear freprenbthepef Wiveh conrerises $he variabiei i) t he
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havi ng the amno ac guen sal ving the

am no aci d anddeeRd8-3A5Eand (ii) @ carsyfant aad OsﬁB@thE@OBA’Ga hamandfghmaunm no
aci d seque Q4L | vely,
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bi ndi ng nolhevingéhevaimiio a@dpeqmee{BE@dﬂ l@@n‘liﬁl anid agdﬁﬁ%w&ﬁfﬁh%ﬁmha) a
first domain n hyper vari abl e CDR-H1- 3A6, CDR- H2- 3A6
and @R—F@”@ﬁ\%ggsas%{}% ﬁﬁ%ﬁg% ﬂg’ the am no acid sequence (SEQ I D NO
8), sai ddirdcbBaki2al8#6 therebhig t he am no acid sequence (SEQ ID NGO 9), and said

CDR- H3-3A6 having the am no acid sequence (SEQ ID NO 10); and b) a second
domai n conprising in sequence the hypervariable CDR-L1-3A6, CDR-L2-3A6 and

CDR- L3- 3Asmativiely, £Bididg M didey bfithe irfvention may be isdlcsguens @ siigkxhdih NO  11),
DR L3~ BIEG SeT =c§%ﬂﬁwa€$aﬁéé€p%ﬁﬂﬁ%‘é%@ POREIMS) ; and o) a pepti de
l'inker Vi) eHirétsdopeiim Bodptsiag in @ecidéﬁcé\lthetr@?)@‘nﬂaﬁhbléﬂwmTLSA@fC[DMZf-ZBA&‘énd
domain and _to the Ctermnal ! %rhemn mltngea sdeé:grbqelnggngl n !BrN t o8 t he
C-t er mi nal GBAHEmMAG; said ¢lag-H1-3A5 ha gihe’ cld seq (SEQID NO: 8), said
CDR-H2-3A6 having the amino acid sequence (SEQ ID NO: 9), and said CDR-H3-3A6
having the amino acid sequence (SEQ ID NO: 10); and
b) a second domain comprising in sequence the hypervariable CDR-L1-3A6, CDR-1.2-3A6
and CDR-L3-3A86; said CDR-L1-3A6 having the amino acid sequence (SEQ ID NO: 11),
~ said CDR-L2-3A6 having the amino acid sequence (SEQ D NO: 12), and said CDR-L3-
~ 3A8 having the amino acid sequence (SEQ ID NO: 13); and
¢} a peptide linker which is bound either to 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) ’

(i) in which each of the hypervariable regions CDR-H1, CDR-H2, and CDR-H3 of the
Binding Molecule is at least 50 or 80% homologous, preferably atleast 80%
homologous, more preferably at least 85, 96, 97, 98, 99% homologous to the
equivalent hypervariable regions of CDR-H1-3A6 (SEQ ID NO: 8), CDR-H2-3A6
{SEQ ID NO: 9) and CDR-H3-3A6 {SEQ ID NO: 10), whereas CDR-H1 is equivalent



first domain and to the N-termnal extremty of second domain; or direct

equi valents thereof. As it is well known, mnor changes in an amno acid
sequence such as deletion, addition or substitution of one or several am no
acids may lead to an allelic formof the original protein which has
substantially identical properties. Thus, by the term"direct equivalents
thereof” is neant either any single domain Binding Mlecule of the

i nvention (nolecule X) (i) in which each of the hypervariabl e regions.
CDR-Hl1, CDR-H2, and CDR-H3 of the Binding Mdlecule is at |east 50 or 80%
honDIogous preferably at | east 90% honnlogous, nor e E{eferabl at | east

95, 96, 97, 98 ,CRRIIhaABI GBHUER iscequalenttpuCVRHEABARYRPRYHES issguivalenjtons of .
CDR- H1- 3A6( L NEY. B)y. CDR-H2-3A6 (SEQ ID NO 9) and CDR-H3-3A6 (SEQ ID
NO 10), whereas - 'S equivalent 7 to CDR-Hl-3A6, CDR-H2 is equival ent

t o CDR- Hy 3A6yhiChi%- dap]aBImofémldimgatoelhe mman(m@oﬂshemen f\ﬁGdOr(mUrmawagd)A i32-
capabl e of bindin he hu 357,
prgferabl y WI%E%J &:gg?rsagg 58%' ngk%ﬁ;kéjél}b%&w é’ pr%ﬁﬁéﬁl? with
a Kd < 100 WM<rmtnmrrﬂ{>§irpaéfbyablywm1aNdk¢0hm oM or any binding nolecule
of the inven | east two.do bndn ste I X
Gty e sl ke KRahon i 2 rag BR coBaRt g bl ot Teiietye. ™
CDR—Ll, leDE- L2I and CDR-L3 is a]'E | east 50 or 80%9homg)l ogous prefgr/abl y at

| east 90% hanol 0 S rmre refer %

i denticdii to 'FW@‘&WC\V 39 fa\%’%yeﬂlﬂ"é ﬁﬁ'ﬁ Eb&ﬁ@:{é{aﬁlﬁgﬁg@éﬁ() | D NO

8), CDR Hz- 3@0(?5@%&&@!_3 i@)at IEQQR{S@"& 86% Honteld dasNQefe%QBiEaﬂaBstLémﬁAﬁ (SEQ -
ID NO 11), CDR-L2-3A6 (SEQ JD NO and D NO._13),

wher eas CDR- HIPMIQJogayis: W%HEGfEFPB'Y@b#@Eﬁ 08,46, 968, 8% §‘9€Eﬁﬁ' tpallhérmuwgfen
CDR- H2- 3A6, H%nbﬁle‘%@é!b?@bie@bRtm -35@%3!5@ 1@%@ WHQ%MS‘E@'E?N@) to

CDR- L1- 3A6, I's equi valent to CDR- Is e valent to

CDR- L3- 3A6; e&)dCPvaB dBERSIDclianle CHiR- bh&&ﬁr(éEQHQ NGHAH. ke-3A6nan Ni G
or human NogQAggfgy, N??%Eﬁﬁfc%@%mﬁ' (SEIINSS 98), AhlbRIAsONRIANG dlilient
1000nM nore pr efera &/

to CDR-H1-3A6, CDR-H2 is equivalent to CDR-H2-3A6, CDR-H3 is equivalent to

CDR-H3-3A6, CDR-L1 is equivalent to CDR-L1-3A6, CDR-L2 is equivalent to CDR-

L2-3A6, CDR-L3 is equivalent to CDR-L3-3A6; and

(iv)  which is capable of binding the human NogoA, human NiG, or human NogoA_342-
357, 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 NogoA, human NiG, or iuman NogoA_342-357 with a
dissociation constant < 1.000nM and comprises at least one antigen binding site, said
antigen binding site comprising either
« in sequence the hypervariabie regions COR-H1, CDR-H2, and CDR-H3, 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 CDR-H1-3A6 (SEQ ID
NO: 8), CDR-H2-3A6 (SEQ ID NO: 9) and CDR-H3-3A6 (SEQ ID NO: 10); or
+ in sequence the hypervariable regions CDR-L1, CDR-L2, and CDR-L3, of which each
~of the hypervariable regions are at least 50%, preferably 80, 90, 95, 96, 97, 98, 89%
homdiogous to their equivalent hypervariable regions CDR-L1-3A6 (SEQ 1D NO: 11),
CDR-L2-3A6 (SEQ D NO: 12) and CDR-1.3-3A6 (SEQ ID NO: 13).



Kd < 100 nM nost preferably with a Kd < 10 nM Thus further enbodi nents of
the inventions are for exanple a Binding Mlecule which is capable of

bi ndi ng to the human NogoA, human Ni G or hunman NogoA 342-357 with a

di ssoci ati on constant < 1000nM and conprises at |east one antigen binding
site, said antigen binding site conpri § ng either in sequence the
hypervari abl e regi ons CDR-Hl, CDR-H2, and CDR-H3, of which each of the
hypervari abl e regions are at |east 50% preferably 80, 90, 95, 96, 97, 98,
99% honol ogous to their equivalent hypervariable regions CDR-Hl-3A6 (SEQ ID

NG 8), o?’eb‘acn BinER: 'hﬁ%lé\gle Lhicng c%‘!é’@flﬁﬁfﬁn@ mdrﬁbmogéﬂ)hun%n N

sequence th ervarl a regi ons CDR- and whi ch 'each

of the thmm 9@13‘%_34@9357n\§lﬂ'aﬁé1'5é901%@390®@’761 pTC@p@Mﬂd)ﬂ%t'PﬂSs@ 95, 96,

97, 98, 99% | L1- 3A6
(SEQ ID NO° 13%9 E'EgAégﬁésﬁa%?Bé'@ r?%ci gﬁi'@yﬁ@ 4 %@E}g@%ﬁ?% 13).
8 Furt hernor EH @Dﬂ-lﬁﬂ,largi GDRd13) o whinhodachof thepaypiesyasipblsi iadiong atehat lbastan
NogoA, h 3 tant < 1
000nNi and conpl sRegBY TRop0 I B 7 ot bolh AotnafhsB Tnd LANASEE B0 S The
h I abl eh lableCBFionsICDRCBER- 3% (SHQ IITER): 183, COR-WMRBAR (BBQHDAIOL &
-&B?Wiﬂ?mﬂm“’g’ nFSJa'% {3 ﬁog/ prefer?gly 80, 90, (95, 96, 97),EI 98,
99% honol ogou@ ‘fg %@??ﬂp&fg aﬁ 1 vari abl e regi ons CDR-H1-3A6 (SEQ I D
NO 8), CDR- Hisdéhdldritigeh BirkiBg Sie co@rﬂﬁrsﬂ@ﬁn H@q@kﬁ:e(tﬁ&@ﬂéﬁarl’@e EQansand a

second antlgen blndl nce the ervari abl e regi ons

site co Isrng | n SEﬂ
CDR-L1, CDR-L9D Q@?L@ean%‘f?%%w f adigh gsic tﬁ@’%@%ﬂ%‘ﬁ&%ﬁ@'m%a%ﬁs are
at | east 50%aﬁr5tf°,@rﬁéﬂeyab%u D, 908596 Qﬁa 9@799°§§on%%§bb9@{h@9@g%:REfén¥ hei r

equi val ent hypervari able re | ons CDR-'L

(SEQ | D NO 1Iipperv@ngblengaipns & Uséefil(ﬁEﬂUD H_é) 18TIQDeR H?s’%‘édﬁﬁg '&N@oh%)t ant
may be converg,ﬂ]ébﬁ_l_%ﬁ;‘g%dg@ 189 @0}33 assays including, for exanple, the
me

bi osensor affinity escribed I'n Exanple 7. In addition, the binding
and functional effect of the Binding Mlecules my be shown in a bioassay,

€. 0. as {RSGitLAeSiontohMnt may be conveniently tested in various assays including, for
example, the biosensor affinity method described in Example 7. tn addition, the binding and
functional effect of the Binding Molecules may be shown in a bicassay, €.g. as described

below.

The constant part of a human heavy chain may be of the y1; v2; y3; v4; a1; a2; & or £ type,
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 « type. The amino acid seqﬁence of all these constant parts are given in
Kabat et al (Supra).

Conjugates of the binding molecules of the invention, e. g. enzyme or {oxin or radioisotope

conjugates, are also included within the scope of the invention.

“Polypeptide”, if not otherwise specified herein, includes any .peptidé or protein comprising
armino 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. Preferably, the
polypeptide of the present invention is a monoclonal antibody, more preferred is a chimeric
(also called V-grafied) or humanised {also called CDR-grafted) moncclonal antibody. The
humanised (CDR-grafted) monoclonal antibody may or may not include further mutations

introduced into the framework (FR) sequences of the acceptor antibody.



The constant part of a human heavy chain may be of the yl; y2; y3; y4; al
a2; 6 ore type, preferably of the y type, nore preferably of the y4; type,
whereas the constant part of a human light chain nay be of the x or k type
(which includes the Al; A2; and A3 subtypes) but is preferably of the K
type. The am no acid sequence of all these constant parts are given in

Kabat et al (Supra). Conjugates of the binding nolecules of the invention,

a. g. enzyne or toxin or radioi sotope conjugates, are also included within
the scope of the invention. "Polypeptide", if not otherw se specified
herein, includes any peptide or protein conprising amno acids joined to
each ot her by peptide bonds, having an am no acid sequence starting at the
N-term nal extremty and ending at the Ctermnal extremty. Preferably, the
pol ypept iAdungionehderpyative af apalypaRtdsrRS wsed hemip £1chIdes adnelesdaPaving de
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modi fications o C to t tion,
a speci fh@@%&&l@ﬁ@g “'Ieﬁgﬁ? h&ﬁtqngﬁg WQ{% V?Sergéﬁﬁg’vﬁcﬂti}'ﬁég?t?% Sé or di ng

to the prR&epilefdramg it ie2idt aboidt 75% e&eﬁﬂﬁ% bicdstabR I R abut @590 mddie
hypervari abl e re(tgl on of the li e heavglechal n, pref er ably have at

| east abB§ferablys 'eﬁﬁk@%éﬁe%?ﬁ? 93&9%%?@556 enpsgRc Wit Bepnape agl) v
at | east safRHEe gﬁg%olvPééhddDé&Eﬂﬂﬁcj){oYthétprés%ﬁﬁﬁwéﬂﬂ%t e3P of %pe&ﬁ’ed S8R0

overal | sequence am no acid sequence of a pol ypeptide
accor di ngnd WQSFﬁf‘t‘Euléﬁeéﬁﬂ th?\@@ﬂiyl tg Rinddhg huggan 5‘0:986@ hpinal Ni@qibHEeDd  and
substantNggé,A/ 4uelggm the ability to bind the human NogoA, human. Nt G or human
NogoA 342

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 heterclogous polypeptide
sequences, and post-transiational modifications. Covalent modified polypeptides, e.g. of a
specified sequence, still have the ability bind to the human NogoA, human NiG or human
NogoA_342-357 by crosslinking. Covalent modifications are 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 harnessing 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 cells on the
expressed polypeptide. Glutaminyl and asparaginyl residues are frequently post- _
translationally deamidated to the corresponding glutamyl and aspartyl resudues Alternatively,
these residues are deaminated under mildly acidic condltlons Qther post- translatlonal
rodifications include hydroxylation of proline and lysine, phosphorylation of hydroxyl groups
of seryl, tyrosine or threonyl residues, methylation of the a-amino groups of lysine, arginine,
and histidine side chains, see e.g. T. E. Creighton, Proteins: Structure and Molecular
Properties, W. H. Freeman & Co., San Francisco, pp. 78-86 (1983). Covalent modifications



The term "coval ent nodification” includes nodifications of a pol ypeptide
according to the present invention, e.g. of a specified sequence; or a
fragnent thereof with an organic proteinaceous or non-protei naceous
derivati zing agent, fusions to heterologous pol ypepti de sequences, and
post-transl ational nodifications. Coval éht nodified pol ypeptides, e.g. of a
speci fied sequence, still have the ability bind to the human NogoA, human
Ni G or human NogoA 342-357 by crosslinking. Coval ent nodifications are
traditionally introduced by reacting targeted am no. acid residues with an

organi c deriyv z ent that js c bI e cting with sel ected sides
or term §f "F"j‘éf’eth 'g’” FEPIERS GRSy %g" Wﬂgﬁiag 8 %&%9@?%@{ PRy fA Y-
modi fi calyy arpetifad sédlneick @RditReif SinpRl oMl satenbe na:rﬁntﬁtmth aelirmsunSadHeRing,

post- transl ational npdifications are lﬁe result of the action of
r ecombi n&ne NimInaefysong o RteroleaphTYgRA SBS/ISERt i de. G utanmi nyl and
asparagi nyl residues are frequently post- translationally deam dated to the

cor respondi ng gl ut anyl and aspartyl residues. Alternativel t hese residues
are deaniHamelpoyhwith respeel ip aveatire Pobeaslids Bwkits tanptionah dervalive isdeliped harein

modi f i Cata%%;;ér@@ﬁt‘a\g@ o'f%ﬁi{ r@‘ﬁéi@?ésﬁﬁhegfm We%dn@%a@%#d&b@%at@@ﬂ@ﬁﬂ{ag With! on

of hydr oxyl oups eryi yrosi ne or threon esi dues tion of
t he a- anfhﬁ)reglf’@laﬁgf @ﬁotf?mqwinm@i\fﬁ|mb’ﬂeﬂtmdaﬁ13"s¢ﬂc'@iwe‘hg|S§@U€tﬂ¢a$ ﬁsd see e.qg.

& o, ColRhaR oBb8 FhsoRl SR e riBinREH bRfcenfpaRGIBY S (T comn
i ncl ude tumnmrlqgrawe:lonsewam$Ld::shtyt|an¢)a$ y@épf irgesequencalidagtity.dNeither | esé‘.nt
var ant o rafialexeRtinf ABAHNGPR, SRRERS TR R g By b HaPEbE o gous
si gnal sbdptierdsend congabtdrquygramst for thespigomehioare wedlt knosvnpol ypepti de and its

functional derivative is defined herein as the percentage of amno acid
residues in the candi date sequence that are identical with the residues of

a Corr espRmoEidlEr refer RN ocalirtimy L-atdraimonizids) .o aad #ittRihgaM@mino
i ntroduci ng g? , Jf necessary, to achieve th nmum per cent honol ogy, and
& r[’)f‘ga'ﬁ'

not con8f R acisiases idantifed by pther thq Y"S’ﬁ@%” piapte- ’S’Fe’tcﬁé 'egdeieice

i dentitygedighdtiops. N or C term nal extensions nor insertions shall be
construed as reducing identity or honology. Methods and conputer prograns
for the alignment are well known. "Am no acid(s)" refer. to all naturally

OCCUr T i Nghe RrAMathdbtid §eq@erﬁ:e \%ﬂgnﬂ" pérbidh 'Prﬁbl&:lﬁé@ #h s8fk Wiferdt@s TG aci ds

are identified by either the well known sin -letter or three-letter
amino acid Sequences as compared to a polypepfi e accordmg to the present invention, e.g.
of a specified sequence. Amino acid sequence variants of a polypeptide according to the
present invention, e.g. of a specified sequence, still have the ability to bind t6 human NogeA
or human NiG or more preferably to NogoA_342-357. Substitutional variants are those that
have at least one amino acid residue removed and a different amino acid inserted in its place
at the same 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 rhu!tipie, where two or more amino acids have been
subsfituted in the same molecule. Insertional variants are those with one or more amino
acids inserted immediately adjacent to an amino acid at a particutar position in a polypeptide
according to the present invention, e.g. of a specified sequence. Immediately adjacent to an
amino acid means connebted 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
according 1o the present invention, e.g. of a specified sequence, removed. Ordinarily,
deletional variants will have one or two amino acids deleted in a particular region of the

molecule.



designations. The term"am no aci d sequence variant" refers to nol ecul es
with sone differences in their amno acid sequences as conpared to a

pol ypeptide according to the present invention, e.g. of a specified
sequence. Am no acid sequence variants of a polypeptide according to the
present invention, e.g. of a specified ggquence, still have the ability to
bi nd to human NogoA or human NMG or nore preferably to NogoA 342-357
Substitutional variants are those that have at |east one am no acid residue
removed and a different amino acid inserted inits place at the sane
position in a polypeptide according to the present invention, e.g. of a

speci fi eg p,; %fé%uueTctfeﬁ@mgm ey be Prodiiid BY rédoRtitant DMK ReRbleNg am no
acid in the ecul e has been substituted, or they may be multiple, where

two or noew oémtﬁ@r@@rdaone%mul%@ﬂmgtt%bmﬁmsweo‘@% THiSE BR ul e.
I nserti 0&?45"\(,3{ Haﬂlraﬁe@[vﬁdér%?or{ma@cc‘}?ﬂ%l SEqUERES: AMB Ransiéredlintd 23681 host

i mredi at el'y adj atent .to an aci d at apartlcular position in a

pol ypeptv@eﬂlsat@rﬁmrﬁgsw'@ the present invention, e.g. of a specified
sequence. | mmedi ately adjacent to an am no aci d neans connected to either
t he a-carboxy or a-amno functional group of the amno acid. Deletional
vari ant sina eery lgeserahinahnen ghase ama@%mglmpmdﬁd in a polypeptide according

Lo the PiesenbNAWERELIRE enfoding 8T RSHikih EHRF MRIER o iR RVERion L UL ! V.

del etion WO am no eted rna’particul ar .
regi on of thechaimBécliigsMoletuleAf ienidvergionpa deavycordight treun aveagriiems Megreteod

produced by re '{@_lln ech yes view of this, one or nore DNA

nol ecul es encB? qﬁlgeﬁ%fh W%@Purgm#mst be constructed, placed under .
appropri@je cmatuselofslmqDHAQﬁsleeMels of the shventien far titeop@dactionadilasBindis  or gani sm
for expressi on In a y, %ggenera man there are accordingly provided (i)

DNA nol ecul es lr?EB]&q{ @nebydgﬁ%ff’ﬁ'n%\"m??fbs Mol ecul e of the invention, a
single chain Blndlng Mol ecul e of the invention, a heavy or Ilgnl chain or
i ragrne | her eoi Bi ndi ng, Mol ecul e of the invention; (Z:? the use
of “The. TRbe WePaatas obfha LS SRt POV pRiog) bl at Con el asiaghe D
Mol ecul engleciiBe of theamdnBibn @M/eheﬁ@mmrﬂfanbn d hERgin PEC®eimisd atid of t he art
is such that the skilled on will be able to s nt hesj ze the DNA
sequences of the hypervana e regions and the DNA seque ces 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 hyper-
variable regions are deterrnined 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 synthesis according to the
sequences given CDR-H1-3A6, CDR-H2-3A8, CDR-H3-3A6, CDR-L1-3A6, CDR-L.2-3A6 and
CDR-L3-3A6 above. These casseties 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 immunoglobulin variable domain.

Furthermore, it is not hecessary 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
invention. Thus PCT application W0 60/07861 gives full instructions for the production of a
monocional antibody by recombinant DNA {echniques given only writlen information as to

the nucleotide sequence of the gene.



nol ecul es of the invention given the information provided herein i.e. the

am no acid sequences of the hypervariable regions and the DNA sequences
coding for them A nethod for constructing a variable domain gene is for
exanpl e described in EP 239 400 and nay be briefly summarized as follows: A
gene encoding a variabl e domain of a noAdcl onal antibody of whatever
specificity is cloned. The DNA segnents encodi ng the franmework and hyper-
vari abl e regions are determ ned and the DNA segnents encodi ng the

hypervari able regions are renoved so that the DNA segnents encodi ng the

f r amewor i f us : ' ' oSt rd ot sites.at the
J inct 1 onge SRRCE e@hfrise e shAIENRES = ptiber SUERRNGoAERE heh SARIRAIBE o

posi t i onthebCRubethedesidsthelr splimnd Ay ivenihe cigbisedh PNt seqlanck.pr ocedur es. Doubl e
stranded synthetic CDR cassettes are prepared by DNA synthesis according to
the sequences given CDR-Hl- 3A6, CDR-H2-3A6, CDR-H3-3A6, CDR-L1-3A6,

CDR- L2- 3agpresasion GCBRots3e@Abrisiitpa suiteBrepemmisetdeass @neodighealgdindilight aidie ky

ends so that they can bge. ligated at the ju ions tp the framewark by
ot andar doPRRUARNS ot PaBHEeTgE: By RorL A BNA Flkclls e e B0l obut i
vari abl epg@aridit miaytiehsnveniently trarisferfealin BACRPEsDTEd expr@ssioraat®s to the mRNA

froma producing hybridoma cell line in order to obtain a DNA construct
codi ng for the nonocl onal antibodies of the invention. Thus PCT application

WO 90/ 07Bfih @bkesies 'éhbo@i%fn@iétdr\@ﬂﬁaﬁﬁ%dib@ﬁws@ré)éb'ﬁé bedpafdd By staRdgal onal
ant i body techni queseze%ﬁ only witten information as to

@g%/ r ecombi nant chni

t he nucl hode. 98 gxamele. 8¢ desraibgd ipWoy met hod conprises the synthesis
of a nunber of oligonucleotides, their anplification by the PCR nethod, and
their splicing to give the desired DNA sequence. Expression vectors

conpri si g Rardopianembogimanb otihe divegtion shasembingnh aweps fatdhe peduchonefn
const ant  pak b EndH wtiéa#ée;sv thé vEntioH THSud 8t And DAoRB DA bshHiuclsi

invention I's prepare e conveni entFy trané‘? erred in an appropriate
expr essi @gsovibed belowDNA nol ecul es encodi ng. si ngl e chain anti bodi es may al so
be prepared by standard nethods, for exanple, as described in WO 8811649.
In a particular enbodi nent of the invention, the reconbi nant neans for the
pr oduct i ‘tre fikt DbldmensiructencBiesia hgawoiradudrdsagrhentteereolanst ¢aorprisee| udes fi rst

and secozrbd a% ﬁ:a%ﬁiEH Shaodbs a gfrl%%fej é)o‘?'rqaiﬁ %E%Wrising alternatively framework and
hypervariable regions, said hypervariable regions comprising in sequence DNA-CDR-H1-
3A6 (SEQ ID NO: 14), DNA-CDR-H2-3A6 (SEQ ID NO: 15) and DNA-CDR-H3-3A6
(SEQ ID NO: 18), this first part starling with a codon enceding the first amino acid of the
~ variable domain and ending with a codon encoding the last amino acid of the variabie

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,

Preferably, the second part encodes the constant part of a human heavy chain, more
preferabiy 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).

The second DNA construct encodes a light chain or fragment thereof and comprises

a) a first part which encodes a variable domain comprising alternatively framework and
hypervariable regions; said hypervariable regions comprising in sequence DNA-CDR-L1-
3A8 (SEQ ID NO: 17}, DNA-CDR-L2-3A6 (SEQ ID NO: 18) and DNA-CDR-L3-3A6 (SEQ



The first DNA construct encodes a heavy chain or fragnent thereof and
conprises a) a first part which encodes a variable domain conprising
alternatively framework and hypervariable regions, said hypervariable

regi ons conprising in sequence DNA-CDR-Hl- 3A6 (SEQ ID NO 14),
DNA- CDR- H2-3A6 (SEQ ID NO 15) and DNA-gPR-H3-3A6 (SEQ ID NO 16); this
first part starting with a codon encoding the first amno 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 fragnment thereof which starts with a codon encoding the first amno acid

of the consphags:. fggrﬂusorfrswﬁ%ﬂ g willd BodierRBEmg thé Filst anfdadd engrdi ng t he

| ast amino acid the constant part or fragment thereof, _followed by a

non-sense c@tiable dPrEibARGEHJIng Méthseeasian epspding Hisdaelarping aéﬁ’rﬁtﬂéﬁh’(fafﬁé’iﬁ of a

human heavgg, Tyngnor e preferably the constant part of the human y4 chain.
part’

Thi s secon may be a DNA fragnment of genomc orlg_@n (conpri sing
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whi ch enco es avari omal n conprising a rnat Ive r anewor
hyper var i atd @doaginobding $he dsheminowanid efibe censdard martow fiagmsinh thereof Seltpwedc e

DNA- CDR- L1- bgié%"(é%gfﬁdpg 17), DNA-CDR-L2-3A6 (SEQ ID NO 18) and

DNA- CDR- L 3- NO 19), this first part starting with a codon
encoding the first amno acid of the variable domain and endi ng with a

codon en n ast . am no a of t var,i .and a second
artenceiiaigt 16 sREcHch B SReftEdne cat AR By end L Fof iRl s o 1o
W th a getedblgteocinsgaritipertfof tisd hamame chaind of the constant part of the

i ght chain and ends with a codon encoding the |last am no acid of the
constant part or fragnent thereof followed by a non-sense codon.
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third patreztadesrtp%FJ%lde gfh1s peptide is required for secretion of the chains by the host organism in
_ which they are expressed and is subsequently removed by the host erganism. Preferably,

the third part of the first DNA construct encodes a leader peptide having an amine 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 thé DNA constructs are placed ﬂnder the control of suitable control sequences, in
particular under the control of a suitable promoter. Any kind of promoter may be used,
provided ihat‘it is adapted to the host crganism in which the‘DNA constructs will be
transferred for expression. However, if expression is to take place in a mammalian cell, it is

particularly preferred to use the promoter of an immunogiobulin gene.

The desired antibody may be produced in a cell culture or in a transgenic animal. A suitable
transgenic animal may be obtained according to standard methods which include micro
injecting into eggs the first and second DNA constructs placed under suitable control



wi th the codon encoding the first amno acid and ending with the last am no
acid of the |eader peptide. This peptide is required for secretion of the
chains by the host organismin which they are expressed and is subsequently
renoved by the host organism Preferably, the third part of the first DNA
construct encodes a | eader peptide havidd an amino acid sequence
substantially identical to the am no acid sequence of the heavy chain | eader
sequence as shown in SEQ ID NO 21 (starting with the amno acid at position
-19 and ending vvith the amno acid at position -1). Also preferably, t he
third part of th econd construct encodes a | eader havi n
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the am n@e@%tr:ﬁé@e@@idbhO@xm&@sr@ﬁre%lr@@amlﬁdmyt he 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 .pronoter.

Any ki nd V@ﬁer\%@%ﬁr%dy BindBavesBbe proBREddRS de@uttik, hs RSN g host
organi sm.in DNA constructs will be transferred for expressi on.

However , first besipsesiediina Githet @ SIngleceXpreRsion YECPT 9k e Ve serasste but poipgatible
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desired anti body be produced in a c culture or in a transgenic
animal. A surtable transgenlc ani mal may be obtai ned according to standard
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construc er suita contr sequences tr erring the so
pr epar ed pmgrgarqtmnoeam@lm ¢editlioe pehighdenmprisey raalﬂasf enmdidbe BibA canstrucisiabgvan
descendagéﬁf&%essr ng the desired anti body. When the anti body chai ns have to
be produce Nna cell culture, the DNA constructs nmust first be inserted
into either a single expression vector or into tw separate but conpatible

expressi gn vect ors t i Ly, the
rvent: ofod SR iedot ErdhipB AR b R B ReB Bhbf fug AFEAS, Pk
pr okar yobtiganizm. @Mkar mtIDNAccehd;trdatmare\Meperatelg rirmertedsanam legpretsioneectbrst trey DNA
constructs abqv descri be vect containing a
const r uctey BE AR ER AP BN 1 PBS DRE T NEEE PRORTT. OLFG AAnSIar o e oua
constr UCp@ss&f!&y sengrp@éfermdl A seitdbis host drgmsm pligsisse 9 bastental 5 yeédl@)’a may be
transferred s heé/ e one. type vect or per ce‘_l or co- a}nsf,erred,
this |at rinanma n ce ine, this fatter being’ referred ore pre erably,t e mammallan cell ine 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.

It is 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 molecule of the invention, which comprises (i} culturing an organism which is
transformed with the first and second DNA constructs of the invention and (ji) recovering an

aclive binding molecule of the invention from the culture.

Alternatively, the heavy and light chains may be separately recovered and reconstituted into
an active binding molecule after in vitro refolding. Reconstitution methods are well-known in
the art; Examples of methods are in particular provided in EP 120 674 or in EP 125 023.

Therefore a process may also comprise



possibility being preferred. A suitable host organism my be a bacterium a

yeast or a manmalian cell line, this |atter being. preferred. Mre
preferably, the manmalian cell line is of lynphoid origin e.g. a nyel o,
hybri doma or a normal immortalized B-cell, but does not express any

endogeneous anti body heavy or |ight cha?g. It is also preferred that the
host organi smcontains a | arge nunber of copies of the vectors per cell. If
the host organismis a mammalian cell line, this desirable goal may be
reached by anplifying the nunber of copies according to standard nethods.
Amplification methods wusually consist of selecting for increased resistance
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the art; Exanghais oofrageehbiierenf eblaineddn (i) and the lighb vhale ar fragmentitberedéf4 or in
EP 125 023. %’&g{ %[j?'iﬁ‘ia process may al so conprise 15 (i) culturing a first
or gani sm whi ¢ Pl s)forrred with a first DNA construct of the invention

and recovering said heavy chain or fragnent thereof fromthe culture and
a_se

ii) culturi.ng a second organismwhich is transfornmed wth cond
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cul turind an '@FQ‘éerﬂ”grﬁ%ﬂﬂ?CP? TG SHMEY with a DNA construct respectively

encodi ng a single chain or single domain binding nolecule of the invention

and (i i_} recovering said nolecule fromthe culture. ) .
he binding molecules of the invention exhibit very good nerve regeneration activity as

shown, for example, in the granule cell neurite outgrowth model.

1. Granule cell neurite outgrowth assay (in vitro)

Brain tissue (cortex and brain stem) is taken and for each assay protein extract freshly
prepared as described previously (Spillmann et al. 1998, Identification and characterization
of a bovine neurite growth inhibitor (bNI-220}), J Biol Chem. 1988 Jul 24;273(30):19283-93).
A piece of frozen tissue (e.g. 0.25g) is homogenized in 3-4 Vol of 60mM Chaps - 20mM Tris
pH 8.0-1mM EDTA with Protease blocker (10pg/ml Aprotinin - Spg/mil, Leupeptin — 1pg/ml
Pepstatin - 1mM PMSF) at 4°C. Homogenate is put on a rotator at 4°C for 30min and
centrifuged at 100°000g 45min 4°C in a TLA 100.3 rotor (Beckman TL-100ultracentrifuge).
From supernatant the protein concentration is determined using BioRad.

Cerebellar granule cells are purified from trypsin dissociates of posinatal day 5-7 rat
cerebellar tissue as described previously (Niederost et al 1999, Bovine CNS myelin contains
neurite growth-inhibitory aclivity associated with chondroitin sulfate proteoglycans, J
Neurosci. 1999 Oct 15;19(20).8979-89). 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 m|
of 4 % buffered formaldehyde is slowly added to the culture dishes. Monkey brain membrane



The bi ndi ng nol ecul es of the invention exhibit very good nerve regeneration
activity as shown, for exanple, in the granule cell neurite outgrowh
nodel. 1. Granule cell neurite outgrowh assay (in vitro) Brain tissue
(cortex and brain stem) is taken and for each assay protein extract freshly
prepared as described previously {Spillfhann et al. 1998, Identification and
characterization of a bovine neurite growth inhibitor (bN-220), J Biol
Chem 1998 Jul 24;273(30)-19283-93). A piece of frozen tissue (e.g. 0.25Q)
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subsequetyriys { e Four fields at a defined distance to the edge of the
wel |l are randomy sanpled for each well using a 40 X objective by counting

all intersections of neurites with a |ine placed through the
Enhancement of neurite outgrowth of cerebellar granuie cell in the non-permissive

environment of the above prepared spinal cord extract by preincubation with a binding
molecule of the invention may be observed. E.g. a typical profile for the neutralizing effect of
the human 3A6-1gG1 and IgG4 antibody in the granule cell neurite outgrowth model is given

below:

_ Index Neurites / cefl body ~ %increase compared to control IgG
no antibody 0.87 | | |
+Contro! 1gG 0.80
3A6IgG1. 0.1pug/mt : 1.44 . 60%
3A61gG4 0.1 pg/mi 1.43 59% .
+Control igG 0.92
3A61gG1  10.0 pg/mi . 1.69 84%
3A6 IgG4  10.0 pg/mi 1.85 68%

The neutralizing activity of the molecules of the invention can also be estimated by
measuring the regenerative sprouting and neurite outgrowth and functional recovery in the in
vivo spinal cord injury models briefly described below.



center of the observation field. Al cell bodies touching the |ine are also
counted, and an index ratio of neurites ,per cell body is calculated for
each well as reported previously (Sinmonen et al, 2003, Neuron 38, 201-211).
Al'l counts are done blindly on coded experinents and expressed as an index
of neuritis per cell body. Results are gxpressed as nean index neuritis 1
cell body. Enhancenent of neurite outgrowh of cerebellar granule cell in

t he non-perm ssive environnment of the above prepared spinal cord extract by
prei ncubation with a binding nolecule of the invention my be observed.
E.g. a typical profile for the neutralizing effect of the human 3A6-tgGl
and 1g&4 antibody in the granule cell neurite outgrowh nodel is given

bel ow. I ndex Neurites / cell body % ncrease conpared to control 1gG no
anti body 0.87 +Control 1gG 0.90 3A61gGL. 0.11tg/m 1.44 60% 3A6 g4 0.1
py/ M 1 435599 - SCORE 6 mb8SisUn32ts3AR HOhkefs BR@ldyl 1 69 84% 3A6 1gG4 10.0
pg/ M 1.55689% the neatrartzing actirvity ol the nol ecul es of the invention
can al soAbelt bewismalseate byuredwaisiasurgicaliy by tregeerting the,dors gl all ofilge apidalmerd i t e
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descri begantervgtadeniehderdimtinQisxivab airdS(BIEAYintd. thd\eontesaef the Sidelobpositel tb e .
Neur oanaf om cal, tragi gg., .The not or, .and sensory, cqrticospjnal tract is traced
by | ecrig of i Srafh, BPAGS RanSir Bua Ui ST Sl B 165 P ORsa ioiebed e
cortex ofisihdgiatiitisbepitnss (DAB)@sthsubshrutPadedchivedihdrbsarbidfetizs, {a0@0sported to
t he spi n?gl cord,_wi;&é&; & - 14 days and visualized wusing di am nobenzidine
(DAB) as’-Nedinssk £8: 808]s tribed in Brosam e et al., (2000

Two weeks after a spinal cord injury destroying about 40 % of the spinal cord segment T8,

mainly in the dorsal half, including both main CSTs: tracing of the CST in control animals
show a moderate degree of reactive sprouting of the tract. This phenomenon corresponds to
the spontaneous sprouting in response to injury well known in the literature. Injured rats
being treated with the binding molecules of the invention or with pumps delivering the
binding molecules of the invention may show an enhanced sprouting at the lesion site and
regeneration of damaged axons neurite outgrowth of damaged neurites. Moreover the
animals may show improved recovery of sensorimotor functions. Such functional tests are
described previously (Merkler et al, 2001, J. Neuroscience 21,3665-73).

3. Tissue Distribution of Antibodies in Aduit Monkey CNS

The antibody 3A6 is purified as IgG and concentrated to 3 mg/ml in PBS. Mouse serum
derived 1gG (Chemicon Int.,, Temecula/CA,. USA) or a mAB directed against wheat auxin
{AMS Biotechnology, Oxon/UK) are used as control treatments. Two male adult macaque

monkeys (Macaca fascicularis) are used in this study for intrathecal infusion,
Surgical procedures

Anaesthesia is induced by inframuscular injection of ketamine (Ketalar®; Parke-Davis,
5 mg/kg, i.m.). Atropine is injected i.m. (0.05 mg/kg) to reduce bronchial secretions. An
intravenous catheter is placed in the femoral vein for continuous perfusion with a mixture of

propofol 1% (Fresenius ®) and glucose 4% solution (1 volume of Propofol and 2 volumes of



J. Neurosci: 20: 8061-8068). Two weeks after a spinal cord injury destroying
about 40 % of the spinal cord segnent T8, nmainly in the dorsal half,

i ncluding both main CSTs: tracing of the CST in control aninmals show a
noder at e degree of reactive sprouting of the tract. This phenonenon
corresponds to the spontaneous sproutifjg in response to injury well known
in the literature. Injured rats being treated wth the bindi ng nol ecul es of
the invention or with punps delivering the binding nolecules of the

i nventi on may show an enhanced sprouting at the |esion site and

regenerati on of damaged axons neurite outgrowth of danmaged neurites.
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The monkeys are sacrificed 8 days after implantation of the osmotic pump. Sedation is first
induced with ketamine, as mentioned above, followed by a deep anaesthesia obtained by i.p.
injection of a lethal dose of pentobarbital (90 mg/kg). The animals are perfused
franscardially with 0.4 litre of 0.9% saline, followed by 4 litres of fixative (4% solution of
paraformaldehyde in 0.1 M phosphate buffer, pH=7.6). Perfusion is continued with 3
sclutions of sucrose of increasing concentration (10% in fixative, 20 and 30 % in phosphate
buffer).

Histological procedures, immuno-fluorescence and —histochemistry

Brains and spinal cords of the monkeys are carefully dissected, cryo-protected in 30%
sucrose and sectioned at 40 ym in a cryostate. For detection of infused mABs an anti-
hurmnan secondary antibody is used (Jackson Laboratories). For double labelling, the
following antibodies can be used; the rabbit AS472 (affinity purified) for endogenous Nogo-A
{Chen, 2000), rabbit antibodies against GFAP for astrocytes, and a rabbit antibody against
Cathepsin. D (DAKO]} for lysosomal-localization. All the antisera are visualized by TRITC or
FITC coupled corresponding secondary antibodies, or using the ABC-DAB systern (Vector).



mllimeter rostrally and attached to the dura with a suture. The osnotic
punp is placed and secured in a cavity nade in the nmass of back nuscles a
few centinmeter |lower than the |am nectomnmy, on the left side. The tube Is
secured along its trajectory with sutures to nuscle tissue. The nuscles and
the skin are sutured and the animal recowered from anaesthesia usually
15-30 mnutes after interruption of the venous perfusion with propofol. The
animal is treated post-operatively with an antibiotic (Ampiciline 10% 30
ng/ kg, s.c.). Additional doses of Carprofen are given daily during one
week. The nonkeys are sacrificed 8 days after inplantation of the osnotic
punp. Setatiposmaresarfalyssd by epdfiuneesorheehonk o tZairsriiopot abby Fier! AHerescopyol | owed
by a de a obtained by,i.p. injection of a |lethal dose of
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4. Tests for nerve repair and functional improvement in spinal lesions in monkeys

Anaes_@hesia is induced by.intramu_sc_ular injection of ketamine (Ketalar@;_. Parke-Davis,

5 mag/kg, i.m.). Atropine is injected i.m. (0.0-5 mg/kg} fo reduce bronchial secretions. An
intravenous catheter is placed in the femoral vein for continuous perfusion with a mixture of
propofol 1% (Fresenius ®) and glucose 4% solution {1 volume of Propofol and 2 volumes of
glucose solution), inducing a deeper anae_sthesia. The animal is then placed in a stereotaxic
framework. Under sterile conditions, a vertical midiine skin incision is performed from C2 to
Th1. The fascia cut and the spinal processes of C2 {o Th1 are exposed. The paraveriebral
muscles are retracted and the laminae of C6, C7 and Th1 dissected. A complete C6
laminectomy and an upper C7 hemiiaminectomy are then performed. In order to deliver the
molecules in close proximity of the Iesmn the free tip of a polyethylene tube attached fo the

pump is fixed under the dura a few mllhmeter rostrally to the lesion.

Behavioural manual dexterity tests can be performed éccording to tl;e pubﬁsﬁed procedure.
Manual dexterity is trained by placing the monkey seated in a primate chair in front of a
Perspex modified "Brinkman board" (10 cm x 20 cm) containing 50 holes randomly
distributed; 25 holes being oriented horizontally and 25 vertically {Liu, 1999 15428



of the Nogo-A antibody into the parenchyma. These experinents show t hat

spi nal intrathecal infusion of antibodies against a CNS cell surface
antigen lead to a good distribution of the antibody through the CSF
circulation in the inner (ventricles, central canal) and outer I|iquor
spaces. The 1gG anti bodi es penetrate weld0 into the brain and spinal cord

ti ssue. Whereas the control 1gGis washed out rapidly, the antibody against
Nogo-A are retained in the tissue. 4. Tests for nerve repair and functional

i mprovenent in spinal |esions in nonkeys Anaesthesia is induced by

i ntramuscul ar_injection of ketanm ne (Ketalar(r); Parke-Davis, 5 ng/kg, i.m).

At r opi nefid;Bovifigre d08% 19238 /idlo 24’5 The reagnetadion aad serayting ohfikers saa be@serased An
ALY | eed g aece B : .
in raVGnQé’ﬁe&ﬁB%?’. 'ﬂfoe érﬁen}f&l&?’éﬁr?c&rz eté@mﬁénggﬁg@g%@ﬁer@% ﬂo%n.ggg#g?%%&frﬁ' on

with a mxture ropo eseni us (9) “an _ucose Ion

vol ume ofmiedB¥e Maleelilar Riebe@et0%fin sglings dr theslsft endsphers, thrutuaregscntieeper
anaest hegi e d C | ' : el Under
sterile %@%@lgﬂal}%n@a a vuedrréslt%:egf B?ﬁﬂkﬁ,ﬁl @ieé)léscmaﬁ ?ﬁ%@ﬁ%!@aﬂé@?or e om C2 to
Thl . TheHistdagical praceasiog ingissgisedhe pacrie ser be periommedaF Hesaibed éxgadsisd. The
par avert | S cted and the l.am nae-of C6, C7 and Tihl

di ssect e@%@@usci%%@gileg, gé‘fgénﬁr]}é@tony and an upper C7 hem | am nectony are
then performed. In order to deliver the nolecules in close proximty of the
| esion, the freg ti f a polyethylene tube attached to the punp is fixed
under ththeifﬁflfpée Q"ef'g%r&oplail‘%réyld?%st rally to the | esion. Behavioural nmanual.
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in saline) is 1njected, | st ol ogi cal processing to visualise the tracers
can be perforned as described in details previously {Rouilleér, 1994 8322
Ad) . Thefigf oreephdrenacomtisd! compaditien for owivdespair of a mammalian nervous system, in

particutar 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 molecuies 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 neurodegeherative diseaseé 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
fimited to, multiple sclerosis, monophasic demyelination, ehcephalomyelitis, multifocal
leukoencephalopathy, panencephalitis, Marchiafava-Bignami.disease, pontine myelmolysis,
adrenoleukodystrophy, Pelizasus-Merzbacher disease, Spongy degeneration, Alexander's
disease, Canavan's disease, metachromatic leukodystrophy and Krabbe's disease. In one
example, administration of the binding molecules of the invention caﬁ be used fo treat a
-demyeiinating disease associated with NogoA protein. In another example, cells which

express the binding molecules of the invention may be transplanted to a site spinal cord



(i) the use of the binding nolecules of the invention in the nerve repair of
a manmmal i an nervous system in particular 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
the binding nolecules of the invention,to a patient in need of such
treatnent, or (iii) a pharnaceutical conposition for nerve repair of a
manmal i an nervous system in particular -hunman nervous system which

conpri ses the binding nolecules of the invention and a pharmaceutically
acceptable carrier or diluent. In particular, the binding nolecules of the
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retinal or corneal cells including ischemic retinopathies in general, anterior ischemic optic

neuropathy, all forms of optic neuritis, age-related macular degeneration, diabetic

retinopathy, cystoid macular edema (CME), retinitis pigmentosa, Stargardt's disease; Best's

vitelliform retinal degeneration, Leber's congenital amaurosis and other hereditary retinal

degenerations, pathologic myopia, retinopathy of prematurity,and Leber's hereditary optic

neuropathy, the after effects of corneal transplantation or of refractive corneal surgery, and

herpes keratilis.

| 'Furthermoré, the Binding Molecules of the invention are useful for the treatment of
psychiatric conditions, particularly schizophrenia and depression.

For these indications, the appropriate dosage will, of course, Vary depending upon, for
example, the particular molecule of the invention to be employed, the mode of administration '
and the nétu.ire and severity of the condition being treated. In generé[, the dosage preferably
will bé in the range of 1 pg/kg/day to 1 mg/kg/day. The Binding Molecules of the invention
are conveniently administered by pumps or injected as therapeu,fics at the lesioned site, e.g.
they can be administered directly info the CNS intracranially or into the spine intrathecally to

the lesioned site.
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;ve ado? n L. Kartje in 2004. Purified anti-Am no Nogo-A anti body was

adm ni stered by using osnotic punps to adult rats 8 weeks after m ddl e
cerebral artery occlusion (MCAO. Recovery of function was exam ned using
the skilled forelinb reaching test and t3e | adder rung wal king test, The
prelimnary results showed that even when treating with anti-Am no Nogo- A
bl ockade two nonths after stroke, recovery of function inproved. In

addi tion, the Binding Mlecules of the invention are useful for t he

treatne ner ve ocul ar. di sorders C dire or indirectly
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site. ZZasWMSEbmﬂhangad\ﬁgmmsaobétmhesahm/t’am.i on can be provi ded al one, or

I n conmbination, or in sequential conbination with other agents. For

exanpl e, the binding nolecules of the invention can be adm nistered in
conbi nat"rmtmdctd‘re anthe activieamgradienty idgeifies by woble ass.byénengtor tratenbags ntay

b1 ocki ng BRENEP™ e LB PR EE SRR Fror e T MR ndRE R A on,

Neur ot r thltﬁbhsfaé,cé.gr Bateuingsnd¥idhal (e.g. IMS World Publications) or other databases
provide by IMS Health. The corresponding content thereof is hereby incorporated by
reference. Any person skilled in the art is fully enabled to identify the active ingredients and,
based on these réferences, likewise enabled to manufacture and test the pharmaceutical

indications and properties in standard test models, both in vitro and in vivo.

Pharmaceutical compositions -of the invention may be manufactured in conventional manner.
E.g. a composition according to the invention comprising the molecules of the invention is
preferably provided in lyophilized form. For immediate administration it is dissolved in a
suitable agueous carrier, for example sterile water for injection or sterile buffered

physiologicat saline.

To aid in making up suitable c:ompositions, 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.



BDNF or ot her drugs for neurodegenerative di seases such as Exel onTM or
Levodopa. Other suitable conbination partners for the treatnent of stroke
are Alteplase and Desnoteplase (DSPA, e.g. disclosed in W®O0/09438). In one
enbodi nent, the present invention provides a conbination conprising a

Bi ndi ng Mol ecul e of the invention and Degnoteplase, in particular for the
treatnent of stroke as well as pharnaceutical conpositions conprising said
conbi nati on. As used herein, two agents are said to be adm nistered in
conbi nati on when the two agents are adm nistered sinmultaneously or are
adm ni stered i ndependently in a fashion such that the agents wll act at
t he sameThé gyerginic effeciof arcondfnatine coh e hirding groativlestof thelpnentitnetdgroethde
nos., ge i edition of the
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of the |mveatdlowintpyxantpleman feagicistartsi die roga@oe Oemmbs (rgpner. E.g. a
conposition according to the invention conprising the nolecules of the
invention is preferably provided in |yophilized form For inmmedi ate
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Mol ecul es of the invention, my be packaged separately wthin the sane
container, with instructions for. mxing or concomtant adm nistration.

Opt i onaIT%qmngr%gr&mghggpéegie@r:e provi ded above. 23 The synergistic
effect of a conbination of the binding nolecules of the invention and growh
factors Bdeh as wm%wkaélmmﬁépmg@aam vivo by the spinal cord injury
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fol | ow nFq exanpl es. They should not, However, be construed as limting the
scope offlThe i nveressain ispthideganade | owi ng exanpl es all tenperatures are in

degree (&1 US (1dtal bovine serum
HCMV human cytomegalovirus promoter

gG immunogiobulin isotype G
MAb monoclonal antibody

PBS phosphate-buffered saline
PCR _polymeraée_ chain reaction

Example 1: Methods:

Generation of human Nogo-A expression constructs (pRK7-hNogo-A): A human cDNA

library constructed in lambda gt10 (Clontech) is screened with duplicate filter sets using
standard procedures. Fragments of human Nogoe-A are amplified by PCR from human whole
brain cDNA (Clontech) using a standard protocol and subsequently cloned into pBluescript, |
digested and isolated, or used as screening probes directly. A 400bp Xhol/Smal fragment is
used as 5' probe, the 3' probe is amplified with primers CA-NA-2F: 5-AAG CAC CAT TGA
ATT CTG CA_G TTC C-3" (SEQ ID 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 isclated, subcloned and
sequence confirmed. To obtain a full length human Nogo-A ¢DNA, overlapping clones are



The nonocl onal anti body of attention in the Exanples is a Binding Mlecule
according to the present invention conprising the variable part of the

light chain (SEQ ID NO 3) and the variable part of the heavy chain (SEQ ID
NO 2). The foll ow ng abbreviations are used: ELISA enzyne |inked

i mruno- sorbant assay FACS fluorescenceZ4ctivated cell sorting FITC
fluorescein isothiocyanate FBS foetal bovine serum HCW human

cytonegal ovirus pronoter |1gG i munogl obulin isotype G MAb nonocl onal

anti body PBS phosphat e-buffered saline PCR polynerase chain reaction
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(pET28a-hNi G for bacterial production: G encodi ng fragment

subcl oneteringd @EEZERINNIG oNIGH wggﬂmm(eﬁ@e@g\eﬁ)coh Blet PRIE‘GH raﬁmttomva@n mM of
the 1esprebiopf-EAdIB i A Ay raRRiEPaReF2. 1 n frame

Generation of mouse NiG-exon3 (mNiG-exon3) expression plasmid: The region encoding
mouse exon 3 is amplified from mouse genome BAC template with primers: forward 5-GTG
CGG ATC CAT GGA TTT GAA GGA GCA GC-3' (SEQ ID NO: 33); reverse 5-GTT TCT
CGA GTG AAG TTT TAT TCA GCT C-3’ (SEQ ID NO: 34) and subcloned into the
BamHI/Xhol cloning sites of pET28a. The final plasmid construct is named pET28a-mNiG-

exon3

Cloning of monkey NiG: PolyA RNA is isolated from frozen monkey brain tissue and cDNA
are synthesised using an oligo dT primer. Two overlapping fragments covering the 5’ and the
3’ region of the cDNA are amplified by PCR using sequence-specific primers and a proof- |
reading enzyme. The primers are designed using the known sequence of the human NiG
cDNA. For amplification of the 5' fragment the primers are 5'-
TCCACCCCGGCCGCGCCCAA-3' (SEQ ID NO: 35) and 5'-
AATGATGGGCAAAGCTGTGCTG-3' (SEQ ID NO: 36), for the 3-fragment 5'-
GGTACAAAGATTGCTTATGAAACA-3' (SEQ ID NO: 37) and 5'-
AGCAGGGCCAAGGCAATGTAGG-3" (SEQ ID NO: 38) The two fragments are then
subcioned and for each fragment at Jeast 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 sequenced again.



with the NNtermnal H s- and T7-tag for bacterial expression, using prinmer
sets: forward 5 - GIC GCG GAT CCA TGG AGA CCC TTT TTG CTC TTC-3' (SEQ I D NO
31); reverse 5 - GIT CTC GAG TTA TGA AGI TTT ACT CAG 3" (SEQ ID NO 32). The
final plasmd is ternmed pET28a-hNi G hN G was then expressed in E.coli BL21
pRP by induction with 1 mM |sopropyl-bmta-D-thiogal actopyranosi de (1PGT).
Ceneration of nouse N G exon3 (nmNi G exon3) expression plasm d: The region
encodi ng nouse exon 3 is anplified from nouse genone BAC tenplate with
primers: forward 5 -GIG CGG ATC CAT GGA TTT GAA GGA GCA GC-3' (SEQ I D NO
33); reverse 5 -GIT TCT CGA GIG AAG TTT TAT TCA GCT_G-3' (SEQ ID NGO 34)
and subdirefecionsf seearebingdhiagortic preleipaias gefnedabeie: il paeterigiioga-Aal

pl asm d N ' = N e ony f (5. Pol yA
Ra s e n ey ISR aR RN For P e SRBIeR o BRETYorkhiEd o
usi ng arsoplcation tiTsqmidation buffer(26vei Eisp 56 g NagibRGi,s100oukiriall), pHé.§'withnd t he
3" regqi 0 the cDb r 4 fi.ed Msd. N uenges specj fic priners
and o pro6t ol BEfREto: B ARleaiBt it LS L L ERRUFE F BB g o
sequencexpfestbe with petB-Miader isRidkinddfromnhe péigadmiespate ?b@rﬁhg o Bemeslagbhe
priners are §5'.- TCCACCCCCH%G@CD%HB' SEQ | . -an .
AATGATG%R&&&&R?I‘@EF@‘%‘WR SRAUPFAiteN- §Bé‘?m86'Pgﬁl¥gEﬁgf%°8§%§§ agp purified

GGT ACAAAGING S COATTAIBAGAMBal ARy IHe sSMQCIghecHyMla Batch procedure. 8 M urea and B-
AGCA 3" (SEQ ID NO 38). The two fragnents are then

GGGCCAAGCCAATGTAGG 38) . 1] ( )
subcl ondrariglubdiped heaiasatgionh io gt RMEHIOeR Y isersindher e
sequenc atnsilithd e lburteP Ath BoERKbA Bures 36t BR BYin®ARH ABRsdie Fiieiy 4 the

prinmers nmentioned above and the resulting product is cloned and sequenced

agai n. 28itepwindbp indd imidazelednberisationNstieNPGagratiti goturar (BleRadlefiGibove: The
Pr ot of n&l AP neard et Rl &y G THatoR o SRR 0 Eass SR St o o,
(20 M PREX-6BEonwrueis-araurifiied vitE-Naharop-cgum) inattitcioprpeeduge atcdrgisgzy ne,
w th portEadcte e B hmEr A E R ClcaBad o BETNANGoR BARHE RS
Nov ageninqubaingaiiulfilizedpg@E T NagerbGwith BraSaisspun protecae isod suBsgmentiiBhCs of
PET28- C%ﬂﬁﬁéa“Bﬁ.nglreqe&%reilJtlioﬁ(?s performed by preparative SDS-PAGE of IMAC-purified
recombinant Nogo and elution with BioRad EIectro-EIutér into 50 mM Tris, pH 7.4, 100 mM
NaCl, 0.2% (w/v) CHAPS for 1 hr at 250 mA and followed by 30 s of reversed electrode
polarities. Protein concentrations of chromatography-purified proteins are determined using
Pierce Coomassie Stain and BSA as standard protein. Protein concentrations of gel eluted
proteins are estimated based on band intensity of silver-stained gels (Merril CR, Dunau ML,
Goldman D (1981) A rapid sensitive silver stain for polypeptides-in polyacrylamide gels.

Analyt.Biochem. 110:201-207) with BSA as a standard.
Example 2 : Generation. of human 3A6-1gG mAb

Medarex Mice (Recombinantly reconstituted with human immunoglobulin 'genes) are
immunised subcutaneously with human NiG, corresponding to a particular sequence in
human Nogo-A. 3A6 monoclonal antibody was generated by standard hybridoma technology
by fusion of the spleen cells of the mouse with a hybfidorha cell line..

Immunisation of Medarex mice was carried out with with humaﬁ NiG YOUQ/mouse in the back
of neck and flanks s.c.concentration 1.5mg in 1.9ml Mixed V/V with TiterMax Adjuvant.
Injection of 180ul s.c / moeuse and subsequently boosted several times.

Determination of anti-Noge-A Ab titers in serum with ELISA was carried out in 96 well plates
were coated with 8ug/m! human NiG in PBS(100ul/well) Incubated 4 hours at room



using the Coe'-Talon T' Metal Affinity Resin (Clontech) in a batch
procedure. 8 Murea and B- PerTM sol ubilised | ysate6 ate biuught to
rhon-uenatdriiig conditions by increasingly substituting the buffer with
soni cation buffer during the resin-batch procedure. Proteins are eluted
with 250 mM i m dazole in sonication buffer on a gravity colum (BioRad). N G
proteins are further purified by gel filtration on Superdex 200 Hi Load

16/ 60. Supernatants of pGEX-6P constructs are purified with G sepharose
colum in a batch procedure according to manuf actur er indications (Amrersham

Phar maci a Cl eav GST- Nogo- 66 i s done by a sol ubji | i sed

e e ebiperattn B DBl weredTaea 2od rafipdoians b ntel iR oo RS, Got
el ectr oehgA @Bvéred %ﬁﬂﬁéd@fbdo&t hl%'i ﬁrradr%\fe rﬁ'aisz;%‘ég%e@f tﬂewasﬁaa ufﬂn?é}, with
reconmbi nant” Nogo _and el ution with Bi oRa ectro | uter _into mM Tris, pH

7.4: 1odawtemar@ﬂ“ed)wgth/d°§§/and f@WSNPGﬁe senim was giigesin %%%*‘f%ﬂaﬁ/ed by 30 s
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chr onat dae o, A RouRRsdoh ol R or chalrfr o8 BEGfIes SUWBfESLY mice sera useg:

Stai n antd1GSA 1@§0§th A:36000.%Vash Sepwves repeatedb@ratat(al)e asti-hyerandp Gt el

t mat.ed d d
Chor 1 1 sEeripias SR CO=ER e Bited B BSR Phnka T e aids A0 1 B ng e o,
pol ypeptihgessid mhy,awrrylnaﬁﬂndﬁv g64 Fogrefn Aty Bl hﬁﬁc'\éét@d?@ﬂlp‘W)BWﬂ&* BSA
as a standard, Exanp - Generation of human 3A6- | Medarex M ce
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human No A. 3A6 nonocl on ant | ener at e standard hybri doma
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M xed VNithi ELISA. Egpdfimentd jwevansrried Ioni tecdatermind tHEBQG subeldss obihneardibddies.
S o B SR Pl W S G BB e U A
8ug/ n _heimerDON Thel r@aE’Bﬁi@wmd avtibbllies naskabdted houstsy apanel@imitfusetaptiper at ure
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Mouse searbg\r}; gne?aglcgjr;[ g )Ifbr}fdgr%%s %\(r)aé‘:d%%e from mouse with the highest serum titers

against human NiG in ELISA and was selected for fusion. Mouse was sacrificed by CO2

inhalation. Spleen taken aseptically and single cell suspension was made. Wash in PBS

calcium ,magnesium free. Mouse myeloma cells(PAIO) were washed in PBS,

Equal numbers of mouse spleen cells 50 million were added with mouse myeloma cells and

spin at RT for 10min, 900RPM. Supernatant withdrawn carefully and completely. Add

dropwise 1ml PEG 4000 as fusion agent (50:50 in PBS)under light agitation over 2-3 min. at

RT. Shaken gently in water bath at 37degrees for 90 seconds. Add dropwise 5 to 10m! RPM

1640 medium over 5 min. to dilute out the PEG, leave at RT for 10 min. Add another 20ml

serum free medium and centrifuge. Resuspend in appropriate amount of HAT medium

(RPMI+10%FCS+20ml/fiter S0xHAT. Fused cells were plated out 100plwell, info wells

containing a feeder layer of peritoneal cells from Balb/c mice(1ml/well).

Preparation of mouse peritoneal cells is carried out 24hours earlier and 1mi cuitures in Hat

medium, 24 wells Costar plate were prepared.The yield from one mouse is sufficient for one

24 well p(at_é=appr0x. 2000 cellsfwell. Following sacrifice, the peritoneal cavity is washed out

with Smi of 0.34M sucrose, usihg a 10ml syringe and 18 gauge needle.Groups of 6 mice are

collected into 1 tube,centrifuged,resuspended in HAT medium and aliqouted into wells.



(1001 /wel I'), and incubated 2h at RT or overnight at 4 degrees . Dilutions of
m ce sera used: 1:100, 1:1000, 1: 10000, 1:30000. Wash step was repeat ed. Goat
F(ab')2 anti-human 1gG Fe specific HRP conjugate Ab was diluted in PBS/ 0.1
UBSA /0.1 Y%Nonidet 40 (100 I/well) and issi'b "od 2h a3. ?7; nr et4d-gr5s_
Wri'snh s'2p \rc cepe”f .d.1.20p1,'we'! BMblu-- POD substrate were added and
I ncubated in the dark at roomtenperature 15 mnutes and 50//well 1 M H2SO4
was added to stop HPR substrate reaction. The O D was determ nated using a
m cropl ate reader set at 450nm Screening of Hybridomas and clones wth

ELI SA was carried out as described above. Human NN G 811g/m, E.coli). 19G

| sot ypi nQuitue Hteditich 84s FﬁtmenmeﬁiSGMsreanmbntaﬁdn@mooﬂm gbeanthine, 1.6eMl 9G

subcl ass_of the @ntl bodj es.. Pl at %@ wer e coa th hulman Ni G.and cul ture '
super nat BMT0RE, S4uNminoplin. §or hetasmercapipe '?3610 SPpg/mHpr0tanaREn. 1% healr t he

anti bodi dq:@étraé@d kM sml Bfy 3u54" 3y depehdifg ol ass
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titers against human in ELT SA and was s u5| on use was
sacri f i cRupepyatanfa were mﬂta@ whan wefis badhraaghed apprept 8@%alchyfiuangy ef a glidiopalf|

suspensi 08 iy BeISERLLacdiblg aggg%@q«ﬂékai HOAABIAE LB dif Fom BUSRIMAR' fiE

cel I s(PAI'Q were washed nunb s of nouse sple
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dr opw se to oM RPM 1640 pedi ym over I lute out the PEG
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Resuspengt . ﬁpcﬂ)éy@,lﬁﬁré %béd@@m#%hlt@fas We H&%MO@RPM yidi8 YresisAaribbby er

50xHAT. Fused cells were pl ated out 01/ we into wells containing a
f eeder |%87epning ohuineRnianls vias danerat smtmmi/ 1; 1¢n1 0 ﬁPF%IqXPa“WFb?fa?Cﬁt ven of

gguse pgﬂd&%ﬂ%‘ ca?r?%d Sut %MJ&&Q&PMW s%‘iluhﬁ%ﬁduﬁéﬁé ?]‘%rfoﬁﬂ‘édhc%ﬂon‘?#}&ll% es in

lum 24 s Costar plate were prepared rom one nouse i s
suf fi ci dipttiesandaveification ysas d‘p’ﬁaﬁ%&ﬁ@@ﬁ”%@'@@%lnl tﬁﬂﬂeﬂ’fptelf}:élaﬁtﬁvw ng
sacrifice, the peritoneal cavity is washed out wth 5nl of 0.34M sucrose,

using a 10m syringe and 18 gauge needle. Goups of 6 mce are collected
into 1 tExsmpesdt Prédustinn sed Sucilication of munsesitmAbrandFak3ated into wel | s.

Protein A Sepharose Cl-4B column was used (Pharmacia ; 11 cm bed height). Briefly, the
culture supernatant after pH correction to 8.1 is ioaded at 4 mi/min and the column washed
to base-line at 8 mi/min using 100 mM Na,HPO,, pH 8.1. Bound material is finally eluted at 8
mi/min using 50 mM NaH,PO,, pH 3.0, 140 mM NaCl and immediately neutralized {pH 7.0}
with 5 N NaOH and sterile filtered. Absorbance is monitored at 280 nm. Portion of the
purified material are eventually further concentrated by ultrafiliration and/or dialyzed against
PBS. All the buffers used in the purification are filtered on a 10 kDa ULTRASETTE™
tangential flow device (Filtron Technology Corpor.étio_n) in _br_der to remove possible
endotoxin contamihations. For the _samé reason the Protein A resin is extensively washed
with 20% ethanol and ali tubings/pufnps treated with 0.1 M NaOH prior to use. Protein
cancentration is measured spectropholonﬁetric_:ally at 280 nm using a reference absorption of
1.35 for 1 mg/ml. Purity is routinely assessed by SDS-PAGE under reducing conditions using
4-20% Novex gradient gels. Endotoxin content is measured by the classical Limulus
Amoebocyte Lysate (LAL) reaction according to the manufacturer in_strL_JCtior}s (Endotell AG,
Allschwil, Switzerland).



27 Culture mediumwas RPM 1640 with G utanmax, containing 100M

hypoxant hi ne, 1.6M Thym di ne, 0.4M Am noptrin, 50M bet a- ner capt oet hanol ,
504g/ M Gentanycin, 10% heat inactivated FCS. Medi um was exchanged 50%
every 3ie or 40 day depending on growh rate and appearance of hybri donas
and after 14 days HAT nedi um was exchang&d for HTnedi um by | eavi ng out

Am noptrin. Screening of hybridonas and cl one generation Supernatants were
tested when wells had reached approx. 80% confluency at a dilution of 1:3
in ELI SA as descri bed above, Si ngl e cell cloning was carried out from

hybrT domBsnd Ay @vxeawragﬂ@ng% Spdrttn Bitnbpdsee ﬁﬁﬂ)b Fxsxﬂehmg%éﬁga%b&et CGonny
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and purlflcatlon was done ture sup ernatants I n using protein A

affinit ycolurmafrpmlm Feriwresd bast Hinw mrder tedemeve tacirpieriad apdicb and Fab
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I oaded angidnin{Pagain anch%erecfmmrﬁoommulachlwwlwlﬂe at 8 m/mn using 100
mv Na2HPO4, pH 8.1. Bound nmaterial is finally eluted at 8 m/mn using 50
mv NaH2PO4, pH 3.0, 140 mM Nad and inmediately neutralized (pH 7.0) wth 5
N NaCH aEudarﬁ;blemi IHPLIG, | Mas < Hpediosorhgranel N-demmuinal amith adid2@quenaingfedivi on of
the purifjed nmaterial are eventually further concentrated by

ultrafil® § Bi91%Mhd/ or dial yzed against PBS. Al the buffers used in the

pur {1 cai pBaaeiRnldrd AkASAR Firfo. kikd YAENEIT Fore idsUNaRITh udlu bf gwsay ce

(F|Itron Techno ogy Corporation) in order to renove possible endot oxi n
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same buffer as the protein is added. Carboxamndomethyiation is carried out at room
~ temperature for 15 min in the dark. 1 ul B-mercapioethanol is added to quench the
reaction.

b) Isolation of Heavy- and Light-Chain: Carboxamidomethylated heavy and light chains of
antibody are isolated by Reverse Phase High Pressure Liquid Chromatography (RP-
HPLC} on a Hewlett Packard 1090M HPLC System with DR5S pumping system and
diode-array UV detector. The conditions for chromatography are: PerSeptive Biosystemns
Poros 2.1x100 mm column packed with R1/H material; flow is 0.5 ml/min; solvents; (A)
0.1% TFA in water and (B) 0.09% TFA / acetonitril/water 9:1; gradient 25-70% B in 8
minutes at 80°C; detection at 218 / 280 nm. | , L

¢} LC-ESI-MS: Mass spectrometry is carried out using a Q-Tof (Micromass, Manchester,
UK) quadrupole time-of-flight hybrid tandem mass spectrometer équipped with a
Micromass Z-type electrospray ionization source (ESI). Acquisition mass range is.
typically m/z 500-2000. Data are recorded and processed using MassLynx software.
Calibration of the 500-2500 m/z scale is achieved by using the multiple-charged ion
peaks of horse heart myoglobin (MW 16951.5). |



Anpbebocyte Lysate (LAL) reaction according to the manufacturer instructions
(Endotell AG Allschwil, Switzerland).. 28 Generation of F, b fragnents: A
portion of nouse 3A6 mMAb is extensively dialyzed against 100 niM

Na- acl etate, pH 5.5; 2 mM EDTA and adjusted to a concentration of 6 ng/m.
Fab fragnents are generated by papain dpgestion (1:200 ww 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

i nhibitor E64 (N (N (L-3-trans-carboxirane- 2-carbonyl)-L- |eucyl)-agmtine)
in large excess (10 pM. The digested anti body is then passed over a colum
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218 128Gabma ic) LC ESI-Ms: I\/ass spectronetry is carri ed out using a QTof

(M crompss, —Manchester
| Measured: 1 Signal interpretation

A= 50614.2Da | H-Chainwith carboxamidomethyi-cysteine (CAMCys)

B= 5077645 Da | Signal A+162 Da (= hexose}

E=23727.8 Da { L-Chain with CAMCys

d) N-terminal amino acid sequencing of V, and Vy; regions: Collected H+L chains peaks

form HPLC are used for sequence analysis. Amino acid sequences are determined on a
Hewlett Packard G1000A N-terminal Protein Sequencing System. The system performs
automated Edman chemistry on protein samples retained on miniature adsorptive
biphasic columns. An optimized chemistry method (double couple 3.0) is used to
enhance chemical efficiency, minimize lags and herewith extend sequence analysis to
about 50 residues. Analysis of PTH-amino acids is performed on an on-line Hewlett
Packard HP1090 HPLC System equipped with a ternary pumping system and a
“narrowbore (2.1mm x 25cm) PTH column.

Results: - _

From mass analysis homogeneous heavy and light chain of mouse 3A6-1gG1 are .
determined. The H-chain is single glycosylated. Total mass analysis of heavy and light chain
shows a single mass for both chains. HPLC chromatography of mouse 3A6-IgG1 shows a
single peak. After HPLC purification followed by reduction and alkylation pure heavy and
tight chain are available. N-terminal sequence degradation is performed on light-chain and



UK) quadrupole time-of-flight hybrid tandem nass spectroneter equi pped with
a Mcromass Z-type el ectrospray ionization source (ESI). Acquisition nass
range is typically nmiz 500-2000. Data are recorded and processed using
MassLynx software. Calibration of the 500 2500 nlz scale is achieved by
using the nul tiple-charged i on peaks of ®horse heart nyogl obin (MWN 16951.5).
29 d) HPLC-Ms of heavy and |ight chain: Separation of reduced and

car boxam donet hyl at ed heavy and |ight chain is performed on a HP1100 HPLC
system (Hew ett Packard, Palo- Alto, CA, USA) enploying a 1 nmx150mm LC

Packi ngs K { A Se e coI um
is held g’%%@%@amﬁg é\I/M(l)(fS{]frrr(tl’:a)r‘sﬁﬂ?ﬁ&emt n%’r%leeaé%lnj ecf'[LecIPonto tﬁﬁé co% "using
a - CTC Pilentiiecdbbuspiuancedegradaibmgen, Switzerland) fitted with a VaI co
nodel C6UW HPLC val ve (Val co, Houston, TX, USA) and a 10 .d injection |oop.
HPLC was control |l ed by MassLynx software (M cromass, Manchester, UK). W
det ect i ohightCh&in214 nm Eluent A is water containing 0.05% TFA. Eluent B is
al:9 m f. ; Ltrile iniag 0.045% TFA. A gradi ent
from 20%#&%@%%@3&1%‘%%%%%@%6%&0 The flow rate is
typically 60 pd/mn. The total flow fromthe LC systemis introduced into

the UV detection cell, then the ESI source wthout any splitting, The HPL"C
syst em i $loseontheihl ed and the signal fromthe UV detector is processed using
tdl assLy r . The following 5 signals are
det ect ed%ég}f@g@%wﬁ&%%%ﬁﬁggmﬁgﬁﬁgu on A= 50614.2 Da H Chain
w th carboxam donet hyl -cystei ne (CAMCys) B= 5077645 Da Signal A+162 Da (=
hexose) E= 23727.8 Da L-Chain with CAMCys d) N-termi nal am no acid
sequenci Eyample/i: Gluhiviyof dhe basvy Lol lightt dhdindgknes af hanaeddds middr m HPLC ar e
used for sequence analysis. Am no acid sequences are determ ned on a
Hewl ett Packard GLOOOA N-term nal Protein Sequencing System The system
pgr for WBToﬁURNﬂﬁQ gﬁb;aﬂmnoahmﬁr@braom cﬂrsgt:bhe 32BN DLiAg ‘Hhﬁ’bgé mggeaglrmﬁbm& alt ure
asorptl ic co ed chem str t ho Qu coupl e
30500 i sSagntr s Ceimaive LR LI Aerrvanede % meniibebEe e agnitern b ¢ h
ext end semNAaRrgethasial RMNA Isdsolated from above prepared total RNA using Oligotex Resin

(Qiagen, German'y, cat. # 70022).

cDNA is generated by reverse transcription using the following conditions: 2 pl mRNA, 2 11
10 x reverse transcription buffer, 2 pl (dT),e primer (10 pM), 0.5 pl RNasin (Promega, 40
U/mi}, 2 pl INTPs (5 mM each), 1 pl Omniscript™ reverse transcriptase {Qiagen, Cat #
205110), 10.5 pl ddH,0, Reaction: thr at 37°C. For PCR amplification of cDNA encoding for
the Vy and V, the proofreading enzyme Prcn:afSta!rtTM DNA polymerase is used.

PCR of light and heavy chain: Reaction mix: 2 ut cDNA , 5 pl 10 x reaction buffer, 3 )

 dNTPs {5 mM each), 2 pl 5’primer (10 uM) (see Table 2}, 2ul 3'primer (10 pM) (see Table 2),
1 ul ProofStart (Qiagen, _Cét # 202203), 36 ul ddH,0. PCR conditions: 85°C/5 min, (95°C/40
sec, 53°C/1 min, 72°C 1 min) x 35, 72°C/ 10 min. The resulting 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 3A6 mAb (V-H, SEQ ID NO: 43) and of the light chain of the SAG mAb
(V-L, SEQ ID NO: 44} cDNas are determined on an ABI sequencer. Altogether ten clones of
mAb3AB light chain cDNAs from two independent experiments (RNA - cDNA > RT-PCR)
were sequenced and aligned. The subsequent amino acid sequence of V-H and V-L are
shown in SEQ 1D NO: 2 (V-H) and SEQ ID NO: 3 (V-L). Primers used for PCR amplification
of the Vyy and V| cDNAs; all primers are synthesized by MWG Biotech, Germany.
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Proof Start (Q agen,
95C/5 mn, (95C/40 sec, 53C1
C 1 mn) f< ZZCI 10 min. The resulting PCR products are |igated
-Molecular c onlng of the VH region

The Vi cDNA is amplified by PCR from the recombinant pCRIl-plasmid using the primers #1

and #2. The resulting PCR-fragment is cut with BsfEll and subcloned into the Hincll/BstEll

site of HCcassAAL generating the intermediate plasmid nogohccass. By using the primer
IgG4HC5’ an amino acid exchange (glutamine instead of aspartic acid) in the hea\)y chain

leader in position -2 is achieved. The correct sequence is verified by automated sequencing

and the fragment Vy; cDNA is released by Xbal/Bamti digest. Ligation into BamHI/Xbal

digested hcMCPfin resulted in the final AnogoHC3AG expression construct.

Molecular cloning of the V region

 The Vi cDNA is amplified by PCR from the recombinant pCRI-plasmid using the primers #3

and #4 thereby ihtroducing a Miul and a Hind!il site. By introducing the Hindill restriction site
an amino acid exchange (R—K) in the joining region takes place. This resuits in changing
the J5 type joining region into a J2 type. The resulting PCR-fragment is subcloned into
pCRII-blunt and the sequence is verified. The correct fragment is released by Miul/Hind!ll
digest and ligated into the expression vector LCvec-AAL160 thereby creating the final
plasmid AnogolLC3A6. '

Primer | Description | Sequence { SEQ ID NO:
1 | IeG4HCS’ | CAGGCAGAGGTGCAGCTGGTGGAGTCTGG

2 IgG4HC3® | a2aTTGGTGGAGGCTGAGGAGACG

3 aazaacecettgtGAAATTGTGTTGACACAGTCT

TgG41L.C5’



directly into pCRolunt TOPO (] nitrogen). The ligation mx is transfected into
TOP 10 cells (lInvitrogen) and several clones are picked. The nucl eoti de
sequences of the variable part of the heavy chain of the 3A6 mAb (V-H, SEQ
ID NO 43) and of the light chain of the 3A6 mAb (V-L, SEQ ID NO 44) cDNas
are determ ned on an ABI sequencer. Altdgether ten clones of mAb3A6 |ight
chain cDNAs fromtwo i ndependent experinents (RNA -4 cDNA -) RT-PCR) were
sequenced and aligned. The subsequent am no acid sequence of V-H and V-L are
shown in SEQID NGO 2 (V-H and SEQID NO 3 (V-L). Prinmers used for PCR
anpl i fi gattenr—of—the—YHand—vt—ebNAS——aH—priners—are—synthestzed—by—M
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By introducing the Hndill restriction site an amno acid exchanggo(R--SK)
t

in the jastidiumegn 8§ ennivgated with dease wdish pereyfase (HRR agliwgon oheS ype

J 0l ni g (BL48R 1hRLARetBalchRProolI¥-66 U DoiRe S St hiAGTRRIP Ata Sifieheped i nto
1:5000 (Jackson Immuno Research 709-035-149) for 3A6Fab in PBS/0.1%BSA
10.1%Nonidet 40 (100 pi/well} is added and incubated. 2h at RT or overnight at4 °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 . H2504 50ul/iwell 1M is added to

stop HRP substrate reaction and the optical density is determinated using a microplate
reader (Packard Specira Count) set to 450nm.

Results:

The human 3A6 IgG1, 1gG4 mAbs and 3A6 Fab binds to human NiG at very low

concenfrations over the range 0.01-10nM

Example 7: Biosensor affinity measurements for mouse 3A6-lgG1, 3A6-19G4 and 3A6
Fab to Nogo-A domains - '

The affinity of the mouse 3A6-IgG1 mAb, 3A6-1gG4 mAb, and of the 3A6 Fab are measured
by surface plasmon resonance (SPR) using a BlAcore 2000 optical biosensor (Biacore,
Uppsala, Sweden) according to the manufacture’s instructions. Recomnbinant human NIG is
covalently immobilized on a flow cell of a CM5 sensor chip using amine-coupling chemistry.
Briefly; the carboxymethlyladed dextran matrix is activated by injecting 35ul of a solution
containing 0.025M NHS and 0.1M EDC. For the immobilization on the sensor chip the
recombinant human NIG is diluted in 0.01M citrate buffer at pH 4 and injected at a flow rate

of Sul/min to achieve coupling levels allowing affinity measurements. The deactivation of the



pCRI | - bl unt and the sequence is verified. The correct fragnent is rel eased
by Mul/H ndill digest and |igated into the expression vector LCvec-AAL160
thereby creating the final plasm d AnogoLC3A6. Prinmer Description Seguence
SEQID NO 1|1 (AHCS' CAGGCAGAGGTGCAGCTGGTOGAGICTGG 2 | (AHC3!
aaaTTGGTCGAGCCTGAGGAGACG 13 | ALCS' aaaaac ¢ GAAATTGIGITGACACAGICT 32 14 |
| ALC3' aaaaaa ctt TGTCCCTTGECCGAAGGTGATC Characterization of the human 3A6
mAb Exanpl e 6: Binding of 3A6 and Fab to human Nogo- A using ELI SA Grei ner 96
wel | PS plates (#655161) are coated with 0.4-2pgl'm Nogo protein fragnents
in PBS (100pl/well) covered and incubated 4 hours at roomtenperature. _
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addi ng 100 pl Fwel | Ue POD (Roche " #1484281) and i ncubate
at RT fonandagiirgit es. H2SO4 50pl/wel |l 1M is added to stop HRP substrate

reaction | Lty L8 ﬂr{é%ﬁr‘ﬂ | ) ader
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(SPR) technology (Biacore). For this analysis recombinant human NIG is coupled on a
sensor chip surface 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 to human NIG for the antibodies were in the
range of KDs 0.14nM to 2.7nM for 3A86-1gG4, 3A6-lgG1, 3A6 Fab

Example 8: 3A6 mAb Epitope identification with Pepspot Analysis:
Pepspot membrane is purchased from Jerini Peptidé Technologies , Berlin, Germany.
Before the first incubation the membrane is rinsed with ethanol for 1 minute and three times
~ with TBS for 10 minutes. Before each incubation with the first antibody the membrane is
incubated in blocking buffer over night at 4°C. After washing for 10 minutes with TBS-T the
membrane is incubated with the first antibody in blocking buffer for 3 hours at RT. Antibody
~ concentrations are c(3A6)= 0.6nM. After three washes with TBS-T for 10 minutes the
membrane is incubated for 2 hours at RT with the corresponding second HRP-labeled .
antibody (go;_at_-anﬁ human IgG Fab2 from Jackson Immuno Research) at 1:500 000 dilution
in 'blt;cking buffer. Aﬁer three washes with TBS-T the membrane is incubated with the
chemiluminescence detection reagent (ECL Advance, Amersham Biosciences) according to

.the manufacturer's instructions and exposed to film.

Western Blot analysis with human and monkey Nogo-A proteins: e
The Western Blot Analysis is carried out according to standard metheds. 10 ng human NiG
purified from E.coli is applied 1o each lane, SDS-PAGE is performed and transferred to
nitroceliulose membrane. Blocking is at 4°C in blocking buffer over night. After incubation of



The affinity of the nouse 3A6-1gGlL mAb, 3A6-1g&4 mAb, and of the 3A6 Fab are
nmeasured by surface plasnon resonance (SPR) using a Bl Acore 2000 opti cal

bi osensor (Biacore, Uppsala, Sweden) according to the nanufacture's

i nstructions. Reconbi nant human NIGis covalently inmobilized on a flow
cell of a CMb sensor chip using am ne-cddpling chenmistry. Briefly; the

car boxynet hl yl aded dextran matrix is activated by injecting 35pl1l of a
solution containing 0.025M NHS and 0.1 M EDC. For the inmmobilization on the
sensor chip the reconbinant human NIGis diluted in 0.01 Mcitrate buffer
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Jerini Peptide Technol ogies, Berl rmax Before the first 1 ncubation
the nmenbiiberelluiose rieseloronp1 Blogkingifodt 46in blo ing beffemnever ighk AflemincubalianofTBS

(950 iR Oy i PO DO By 2re
m nut es Q0 BN BEOG- leﬁénoIar excess of peptide, sequence NQQELPIALTKLVKEED Jerini

Peptide Technologies) for 1 hour at RT the membrane is added to this solution and

incubated one more hour at RT on a shaker. After three washes with TBS-T for 10 minutes

the membrane is incubated for 1 hour at RT with an anti human HRP-labeled secondary

antibody at 1:100 000 difution in blocking buffer. After three washes with TBS-T the

membrane is incubated with the chemiluminescence detection reagent (ECL Advance,

Almersham Biosciences) according to.the manufacturer’s instructions and exposed to film for

15 seconds,

Binding of. 3A6 mAb tol hurﬁan and monkey peptide epif;)pes ln ELISA

Greiner 96 well PS plates are coated with 8ug/mf scrambled peptide H-
ETQLAKLPVDLKTQE, hurnan NiG peptide epitope 3A6IgG4 H-NQQELPTALTKLVKED and
peplide epitope 3A6 1gG4 monkey NiG, H-NQQELPIALTKLVKEED in PBS (100pi/well) |
covered and incubated 4 hours at room temperature. Plates are flicked énd refilled with

200ul /well blocking buffer(PBS+5% BSA), covered and incubated 1h.at RT or overnight at 4
degrees centigrade , then washed 4 times with tap water, refilled with PBS and flicked.

mAb 3A6lgG4 is diluted in PBS+2%BSA (100unl/well), and incubated 2h-at RT or overnight at
4 degrees. Dilutions of mAb: 10nM to 0.001nM..Wash step is repeated. 2nd.Ab-is diluted in



menbrane is incubated with the first antibody in blocking buffer for 3 hours
at RT. Antibody concentrations are c(3A6)= 0.6nM After three washes with
TBS-T for 10 mnutes the nenbrane is incubated for 2 hours at RT with the
correspondi ng second HRP-| abel ed antibody (goat-anti human |1gG Fab2 from
Jackson I muno Research) at 1:500 000 dizkution in blocking buffer. After
three washes with TBS-T the nenbrane is incubated with the

chem | um nescence detection reagent (ECL Advance, Amersham Bi osci ences)
according to .the manufacturer's instructions and exposed to film Wstern

Bl ot analysis with human and nonkey Nogo-A proteins: The Western Bl ot
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signal for human NiG (produced in E. coli). A 100-fold excess results in a further decrease of

the signal, and a 1000-fold molar excess of the peptide nearly completely inhibits the binding

of the 3A6 to human NiG. In contrast a 1000-fold excess of a peptide with the same amino

acid content but with a different sequence (scrambled) does not have any effect on the

binding of the antibody to human NiG.
mAb 3A6 binding to monkey NiG : competition with synthetic bept_ide epitope

A synthetic 17-mer containing the epitope sequence (NQQELPIALTKLVKEED) is used to
compete with full Iength cynomolgus m'onkey NiG éxpressed in E. coli for binding to the 3A6
antibody. Prior to incubation with membrane bound monkey NiG the3A8 e_.ntibod).( (1nM) is
incubated for 1 hour with the synthetic peptide using different molar ratios of peptide to
antibody. A 100-fold excess results_ i_n a decrease Qf the signal, and a 1000-fold molar
excess of the peptide substantially inhibits the binding of the 3A6 to monkey NiG. In contrast
a 1000-fold excess of a peptide with the same amino acid content but with a different
sequence (scrambled) does not have any effect on the binding of the antibody to human
NiG.



i ncubat ed one nore hour at RT on a shaker. After three washes with TBS-T for
10 mnutes the nenbrane is incubated for 1 hour at RT with an anti human
HRP- | abel ed secondary antibody at 1:100 000 dilution in blocking buffer.
After three washes with TBS-T the nenbrane is incubated with the

chem | um nescence detection reagent (EcﬂﬁAdvance, Amer sham Bi osci ences)
according to the manufacturer's instructions and exposed to filmfor 1I5
seconds. Binding of 3A6 mAb to human and nonkey peptide epitopes in ELtSA
Geiner 96 well PS plates are coated with 8pg/ M scranbl ed peptide H

ETQLAKL VKED and
peS%ldeaggPFESEf3huq$®4&bg%ﬁﬁgﬁhq%daWHb%ﬁéﬁﬁgﬁkggﬁLVK ED |ﬁT§EEﬁ¥ o
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i sdi | ut gub hindidg to PRSE@ambRBSANTO. el det 40 (100 pllwell) and incubated 2h

at RT or overnight at 4 degrees. Wash step is repeated. 100pl/well BM bl ue

POD substrate are added and incubated in the dark at roomtenperature 15

m nutes and 501-0/well 1 MH2SO4 is added to stop HRP substrate reaction.

The OD is determ ned using a mcroplate reader set to 450nm Results:

Epi t ope mappi ng of the human 3A6 mAb: The epitope mapping results in a

sequence ELPTALTKLV in hurman Ni G protein. Conpetition of mAb 3A6 binding to

human NiGin western blot. with synthetic peptide: To confirmthe result

obt ai ned by the pepspot technique western blot conpetition experinent is

performed. A synthetic 16-mer containing the putative epitope sequence

( NQRELPTALTKLVKED) is used to conpete with full Iength human N G for bi ndi ng

to the 3A6 antibody. Prior to incubation with menbrane bound human N G

t he3A6 anti body (1nM is incubated for 1 hour with the synthetic peptide

using different nolar ratios of peptide to antibody. A 10-fold nolar excess
of peptide.shows a significant decrease in the detected




signal for human Ni G (produced in E. coli). A 100-fold excess results in a
further decrease of the signal, and a 1000-fol d nol ar excess of the peptide
nearly conpletely inhibits the binding of the 3A6 to human Ni G In,
contrast a 1000-fold excess of a peptide with the sane amno acid content
but wwth a different sequence (scranbl egf) does not have any effect on the

bi ndi ng of the antibody to human NN G mAb 3A6 binding to nonkey Ni G :
conpetition with synthetic peptide epitope A synthetic 17-ner containing the
epi t ope sequence ( NQQELPI ALTKLVKEED) is used to conpete with full |ength
cynonol gus nonkey Ni G expressed in E. coli for binding to the 3A6 anti body.
Prior tcClaimstbati on with nenbrane bound nonkey Ni G the3A6 antibody (1nM is
i ncubated for 1 hour with the synthetic peptide using different nolar ratios
of peptide to antibody. A 100-fold excess results in a decrease of the
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binding to the scrambl"ed control peptide. 37 dains: 1.) A binding m)l ecul e

whi ch is capasipgses aeagliang andioen indingssfenerid Anfigerybieging gde copisinpeiti@r 5)
h SOt
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bi ndi ng nol ecatk oimhiediypesraciablalsegions ats atdéasy 50% ftfcbreolhgmmmmgo@qqumept i de
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1 000nM and and CDR-H3-3A6 (SEQ ID NO: 10); or
e in sequence the hypervariable regions CDR-L1, CDR-L.2, and CDR-L3, of which each
of the hypervariable regions are at least 50% homologous to their equivalent
hypervariable regions CDR-L1-3A8 (SEQ ID NO: 11), CDR-L2-3A6 (SEQ 1D NO: 12)
and CDR-L3-3A6 (SEQ ID NO: 13).

3.} A binding molecule which is capable of binding to the human NogoA polypeptide (SEQ
ID NO: 5) or human NiG {SEQ ID NO: 7) or human NiG-D20 (SEQ 1D NO: 24) or
human NogoA_342-357 (SEQ ID NO: 6) with a dissociation constant < 1000nM and
comprises _ _

» afirst antigen binding site comprising in sequence the hypervariable regions CDR-
H1, CDR-H2, and CDR-H3, of which each of the hypervariable regions are at least
50% homologous to their equivalent hypervariable regions COR-H1-3A6 (SEQ ID
NO: 8), CDR-H2-3A6 (SEQ ID NO: 8) and CDR-H3-3A6 (SEQ ID NO: 10); and

¢ asecond antigen binding site comprising in sequence the hypervariable regions
CDR-L1, CDR-L2, and CDR-L3, of which each of the hypervariable regions are at
least 50% homologous to their equivalent hypervariable regions CDR-L1-3A6 (SEQ
ID.NO: 11), CDR-1.2-3A6 (SEQ ID NO: 12) and CDR-L3-3A6 (SEQ ID NQ: 13).

4) A binding molecule which comprises at least one antigen binding site, said antigen
binding site comprising either



conprises at |east one antigen binding site, said antigen binding site
conprising either in sequence the hypervariable regions CDRHl, CDR H2, and
CDR- H3, of which each of the hypervariable regions are at |east 50%

honol ogous to their equivalent hypervariable regions CDR-Hl-3A6 (SEQ I D NO
8), CDR-H2-3A6 (SEQID NO 9) and CDR-#3-3A6 (SEQ ID NO. 10); or in
sequence the hypervariable regions CDR- L1, CDR-L2, and CDR-L3, of which each
of the hypervariable regions are at | east 50% honol ogous to their equival ent
hypervari abl e regions CDR- L1-3A6 (SEQ ID NO 11), CDR-L2-3A6 (SEQ ID NO 12)

d CDR-L3-3A6 fSEQ | 1 13) .. 3. ) A bindj I V-Gl S f
Bi ndi ng t o " N FORIFNBIONPBEFY BB Pélan SER M BARG e R e SPRAEEAE |
g)Q -_7% hor g_unme\IiE%}JDZ@)éBE?DF?FMﬁ%%gBE&)HDSf@nm: dfogoA_342- 357 (SE:;)_ | D NO

Wi a di ssoci ation constant < )OnM_an : r ntigen
bi ndi ng si t%e ‘E&ﬁﬁ\"?’%‘ieﬁaei?‘bfp%@ﬂ@W%eQ'ﬂ@ ‘ﬁ?ﬁéfhg’g%%kéeiﬁ%&oib %bﬁiiﬁﬁks
COR-H2, and ClgecHd NO: 1ohbsd ciRD3Ast @EQ POy as); @bl e regions are at’| east
50% honol ogous to their e%;“ val ent hypervari abl e regions CDR-Hi -3A6 (SEQ I D

NO .8), CDR- Hireghgayisenistheeof.0) and CDR-H3-3A6 (SEQ ID NO 10); and a
second antigen binding site conprising in sequence the hypervariabl e regions
CDR-L1, CDR-L2, and CDR-L3, of which each of the hypervariable regions are
at | eash) 508bingingiragiende comitising equi val ent hypervari abl e regi ons CDR-L1

-3A6 (SEQ _I : SE _ ] 3- 3A | D NO
13y, 4. Abi hihg i G S Simp iy I Sekbnde e dRe iaabiE dtnd Chl-
site, said anti-Gad (SBQID MNG: 8), tGDR-G1B3AG (SHLD D NC0) 28d COR-HRIAR (REEQ e
hyper vari abl &8 ions, CDR-H1-3A6 (SEQ ID NGO 8), CDR-H2-3A6 (SEQ ID NO 9)
and CDR- H3- 32% (gﬁQalcb NO 10); or in sequence the hypervariabl e regions
CDR- L1- 3A6« ( SE€2doRd MRYigdri binditigRiteZofiising S-S uanb©thel RypervatibldRebBn8A6 ( SEQ
[DNO 13): oriiiit GHISANETH, EBRISSAe Sk 1B Mo TR Y i

(SEQ 1D NO: 13); or :

« direct equivalents thereof.

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

e one immunoglobulin heavy chain or fragment thereof which comprises (i} a variable
domain comprising in sequence the hypervariable regions regions CDR-H1-3A6 {(SEQ ID
NO: 8), CDR-H2-3A6 (SEQ ID NO: 9) and CDR-H3-3A6 (SEQ D NO: 10) and (i) the
constant part or fragment thereof of a human heavy chain; and _ _

e ong immunoglobulin light chain or fragment thereof which comprises (i) a variable
domain comprising in sequence the hypervariable regions CDR-L1-3A6 (SEQ ID NO:
11), CDR-L2-3A6 (SEQ ID NO: 12) and CDR-L3-3A6 (SEQ ID NO: 13) and (i) the
constant part or fragment thereof of a human light chain; or

» - direct equivalents thereof.

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

8. The binding molecule according to claims 1 to 7, which is a human or chimeric or

humanized monoclonal antibody.,



a first antigen binding site conprising in sequence the hypervari abi e
regions CDR- H1-3A6 (SEQ ID NO 8). CDR H2-3A6 (SEQ 1D NG 9) and CDR- H3- 3A6
(SEQID NO 10); and a second antigen binding site conprising in sequence
t he hypervariable regions CDR-L1-3A6 (SEQ ID NO 11), CDR-L2-3A6 (SEQID
NGO 12) and CDR-L3-3A6 (SEQ ID NO 13)gz40r direct equivalents thereof. 6.)
The bi ndi ng nol ecul e according to clains 1 to 5 which conprises at |east

one i nmunogl obulin heavy chain or fragnment thereof which conprises(i) a

vari able domain conprising in sequence the hypervariable regions regions.
CDR-H1-3A6 (SEQ D NO 8), CDR-H2-3A6 (SEQ ID NO 9) and CDR- H3-3A6 (SEQ ID
NO  10) andi binbihgti€lecsierstrpfitingpalypeptide $d@@nedd ad Sioveroih SEQ D NOrENafeavy
chai n; and _one_iI mmunogl obulin Pight chain or fragment thereof which

conpri ses (%§Qépﬁﬁ?¥%ble dormai n conprising in sequence the hypervari abl e
regions CDR-L1-3A6 (SEQ ID NO 11), CDR-L2-3A6 (SEQ ID NO 12) and
CDR-L3-3A6 (SEQ ID NO 13) and (ii) the constant part or fragnment thereof
of a humh® A pejyuciemiids; copipristgrrainusiggliden @nedingirindipg mMoleckig agrasding ée

nol ecul e ag&g&ﬁk@ﬂngqtgb@in16.ln'mhich the constant- part or fragment thereof
of the human”heavy chain is of the y4 type and the constant part or fragnent
t hereof of the human l'ight chain is of the x type. 8. The bindi ng nol ecul e

accordi ngy t ' ; meltich is a human or chineric or humani zed
nmonocl ong}'gﬁﬁyﬁdodgq“aggc%wénsw@bﬁgﬁ ng nol ecul e conpri sing pol ypepti de
sequences gwlysiroatidé seBEQcEDaBCho@N IMBEQIBQIODIAGERID NO: 14 grdl $EQID&dd:i de
conpri si ng 1%Ql)ynucl eoti des encodi ng a binding nol ecul e according to any of
claims 1 to™9. 11. A polynucl eotide conprising either polynucletide

sequences dlydbewtidd sediieRctPadiShovrd in SEQIDMNMC 7, BEGIDINGEQSIdndNKEQ 1D §lO:or
19.

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

13. An expression system comprising a polynuclectide according to any one of claims 10 or
11, wherein said expression system or part thereof is capable of producing a polypeptide
of any one of claims 1 to 9, when said expression system or part thereof is presentin a

compatible host cell.
14. An isolated host cell which comprises an expression system according 1o claim 13.

15. The use of a binding molecule according to any one of claims 1 to 9 as a

pharmaceutical. .

16. The use of a binding molecule according to any one of claims 1 to 9 in the treatment of

nerve repair.

17. A pharmaceutical composition comprising a binding molecule according to any one of
claims 1 o @ in association with at least one pharmaceutically acceﬁtable carrier or

diluent,



pol ynucl eti de sequences as shown in SEQ ID NO 17, SEQ ID NO 18 and SEQ I D
NGO 19. 12. An expression vector conprising polynucl eotides according to
any one of clainms 10 or ii. 13. An expression systemconprising a

pol ynucl eotide according to any one of glainms 10 or 11, wherein said
expression systemor part thereof is capable of producing a pol ypeptide of
any one of clains f to 9, when said expression systemor part thereof is
present in a conpatible host cell. 14. An isolated host cell which

conpri ses an expression systemaccording to claim13. 15. The use of a

bi ndi ng 1raolpematr@dat¢m@ednm df diseayevassoefate] \aiﬁiraeribetrmér @an@ising

phar maceuti cal he use .of a bindin | ecul e a ordin ny.one of
Cl'al o 1t GOgseIG1q ¢ SHHREHT n5Ed o RyL s AN n GHEcike arptih Eatimding
conmposi ti oma@dﬂﬁbé@dﬂ@n%t@aﬁyibn@oﬂahmi{bgccor ding to any one of <clains 1
to 9 in association wt | east one pharmaceutically acceptable carrier or
diluent. 40 18. A nethod of treatnent of diseases associ at ed with nerve

repair Q@ hsiod o@%hﬁ'héﬂ%fbi&%éé% %s%@ﬁlééﬁ&ltﬂ RemE Psb comisi ,;g;eat nent an
effective anount of bi nding nolecule according to any one of clainms 1 to

9. 19. A neffgusiering ?Qe%ﬁ%ﬂ@t pnegd obsudstreaimsnt 2n elfpciive ﬁ”?%'ﬂ/@f 2 bipding
conpri si ngmcﬁ@fﬂl@é&o?&g? 3“é5f’¢'§’?’f51 B sieed of such treatnent an

ef fective anount e according to any one of clains 1 to
9.



