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The present invention relates to novel nethods and

materials for treating injury and di sease of the

central nervous system (CNS). Particularly, but not

exclusively, the invention provides nethods and
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patient lifetime.

Following trauma to the adult central nervous system (CNS) of
mammals, injured neurons do not regenerate their transected
axons. Currently, the mainstay of treatment in spinal cord
injury is still rehabilitation. There is little one can do to
address the primary injury. After spinal injury, three major

classes of damage have been identified:

1. Neuronal cell death. The death of nerve cells due to injury
presents a difficult problem because nerve cells lose the
ability to undergo cell division as they mature into the

highly specialized cells that make up our nervous systems.
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function. The first therapeutic goal is to preserve

as many cells as possible, also known as

neur oprotection. Even with neuroprotective drugs or

therapies some nerve cell death is still likely in
geref05§% 4ep|acenent of nerve 10 cells may be
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dysfunction may be due to loss of the myelin sheath. This
type of damage may be the most amendable to treatment
because rewiring of complex circuits may not be necessary

and remyelination of axons is known to be possible.

Possible therapies

1. Replacement of Nerve Cells

Mature nerve cells cannot divide to heal a wound. Replacement of
lost nerve cells would require transplantation into the site of
injury with the hope that grafted nerve cells would mature and
integrate into the host nervous system. Use of human fetal
tissue has shown promise in some studies, however, it presents
ethical and technological considerations regarding donor tissues

and important questions about immune rejection of transplanted
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up new possibilities for cell therapy. 5 2.
Regenerati on of danmaged axons Neurons in both the

w@enwtsd3s{ CNS) and peri pheral (PNS) nervous SBGL/6B8003/005329
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ensheathing glia can "usher" long nerve fiber growth into
surviving spinal cord regions beyond the site of SCI, after these
fibers exit a Schwann cell bridge or grow past the site of
injury. These promising studies give hope that successful
restoration of function after SCI, stroke or epilepsy may occur

one day.

3. Remyelination of axons

Schwann cells are the cells in peripheral nerves that form myelin
sheaths. They are not usually found in the brain or spinal cord
where oligodendrocytes are responsible for myelin production.
Researchers have shown that Schwann cells grafted into the brain
can myelinate central axons. When the loss of myelin is an

important part of an injury, implanting Schwann cells could
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centers to study a drug (4-AP) that appears to
tenporally restore signal transm ssion through

waleswyebizgat ed nerve fibers. 5 CNS nyelin and i PGI/GBR@B/005329

inhibitory effects during axonal regeneration An

i nportant barrier to regeneration is the axon growth
inhibitory activity that is in CNS nyelin and that is
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regrow long distances beyond the lesions. Also, in a chick model
of spinal cord repair, the onset of myelination correlates with a
loss of its regenerative ability of cut axons. The removal of
myelin with anti-galactocerebroside and complement in the
embryonic chick spinal cord extends the permissive period for
axonal regeneration. Known inhibitory molecules in myelin
include myelin associated glycoprotein (MAG), tenascin-R (TN-R),
arretin, and chondroitin-sulphate proteoglycans (CSPGs).
Recently, three groups reported the identification in rats and
humans of a gene, Nogo, which encodes an inhibitory myelin
protein (GrandPre et al, 2000; Prinjha et al, 2000; Chen et al,

2000). Immunization against myelin has been found to allow
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denonstrate a good correl ation between inhibitory

factors in nmyelin and the failure of axons to

regenerate in the 5 CNS. Multiple Sclerosis M5 is a

degenerative central nervous system di sorder invol ving
eqr reased nerve function associated with the formation
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injury (Wolf, 2003). The three major nolecul es
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It is now well accepted that MS lesions contain substantial
numbers of premyelinating oligodendrocytes, indicating that:

¢ The porential for repair is not limited by the loss of these

cells;

* Interactions between oligodendrocytes and their surrounding

environment may determine the outcome of the repair process.

FIRST ASPECT OF THE INVENTION

Background to First Aspect of the Invention

Nogo-A has been extensively studied in the context of CNS

regeneration and is a pivotal factor in the inhibition of axonal



receptor (NgR) on the surface of axons (Wolf, 2003).
Under st andi ng of the nol ecul ar interactions invol ved
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exciting possibility that the CNS environment can be
mani pul ated to 10 enhance neuronal regeneration. Apart
fromthese findings, however, other paradigns for
Nogo- A action in the CNS have yet to be deternined.
For exanple, the locali zat| on of the presence of
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e’ﬁ?ﬁ%r@nﬁé DNSPshat (faver etisl/ 2008k ior spogdetiowt abl ze possible

NeR e q_lﬁpﬁ%ﬁa@_@.n%nsﬁﬁ&alﬂ(c Xeni g, heurons (Wang et
al, 2002 therefore may Have NgR i ndependent

fipRa |16n§XQi’iFrslsﬁ6 BT ERI ESHOTEE agigoReu? gl Cr all of

regenesak tonpheand }cpearmﬂnaémlabswm&r@ﬁsxmgﬁaﬁe dicﬁnalns
knoOFkout i ce e n6%t articul.a cI ear, nd th
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exaCt
| mveslogat edirpWool 5 a12003)1) .| Nogdrer adul &, Laddehougdplasmic

Neoa-hshae Beclal ARA-8Pd.d0 bk S0ASRAL 596%, £,,800. NgR

to mature axons, the exact distrib attgrn and
r € ERC8Rs Bet R FHESET WS AbI e%,QSPIOesBaitm@g eg 34p 2001)

ZIWJ—Q%2§1§9 I\P%LMQI%@QO&Q%%e W@é&ié)@%ﬁg m%gibéy%ct1v1ty

not been defined in detail. Know gzt o-
NGFOPEBF | Dutilon? BtL it RE3PHRE £acel bedRBen “HféeulNBﬁg &hdoop on
otigedepdiatyivestav durrbee i HipRst anttid nupdes strardp g (NgR),

tw‘?éh Rggfgkes axonal growth retardation (Fournier et al, 2001).
In contrast, no receptor or interacting protein for Nogo-N has
been recognized so far. Nogo-A is expressed in the brain of the
early embryonic CNS, but there is little or no detectable NgR
expression in early embryonic neurons (Wang et al, 2002). Nogo-A
therefore may have NgR independent functions during embryonic
stages. Neuronal regeneration phenotypes in the absence of Nogo-A
in knockout mice were not particularly clear, and the exact role
of Nogo-A in the CNS remains to be further investigated (Woolf,
2003). In the adult, although Nogo-A has been localized to

oligodendrocytes and NgR to mature axons, the exact distribution

pattern and relationship between these two molecules along
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in CNS devel opnent. 5 The establishnment and
mai nt enance of the nol ecul ar architecture of axonal

waleosaiosesse s critical to ensure rapid saltator yPCT/GB2003/005329

conduction of nerve inpul ses (Pedraza et al, 2001).

During nyelination, there is a conplex, yet precise
and efficient, 10 process that ensures the clustering
of specific ion channels and other protein nol ecul es

to di,stjnct segnents along the_axon. ( ree et al,
P50 D T T 295005067 e RGids Brotldase of
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' e t al, 1997: neqgoz et al, 1997; .Tait. et
S o s D R T Ny tagn g 0P 3BT il e ane
dydwyerioiairngolemuse hotdmtdndefiagmentsialong the axon

nMﬁkEEér@&Qdil@ﬂg @é@ﬁ@&jQﬁpgfiQﬁxm252§&ﬁﬂ.a§he Nodes of
ceram de gal actosyl transferase (CGI) (Ishibashi et

dtanvispopre pygkehds 12089) Chagrdsnyaktstn K Béyresst e,
20Q1hde®r £ CasRhis (IBhatich ald iR00d ohaysy shewapt hadodal
clusteri of axonal. dopain Eonstituen%s and the
P ocAI7EE T oG9 OV GidnNet ©9°5alt i ilitafPysj@pmental
oherinehsioareddepgrdent t om, c@imurneal i dustetweere 30

081 80 P4 GBRAENAIOBLL 3, HOUEY £o 08, DI LEULAL an
mechani s that regula %Te accurul'atl on of “K¥
chaitaep s21qftes somipactRzaas! gteal ndt?98nt Yalslipkckearl, 1999).

GiHﬁéaQEiWhé%%sgﬁéa&fﬂilpEgﬁéﬁﬂ&SEE@SIHSbsiéoﬁb into contact with
transmenbrane protein 5 with an extracel |l ular domain
t'HEt 23BNt Hns AAP ST e 8O b HART nF PTG S7E WS PB64F 852389

RETIrGB2OO3 Q853 26hd Idakpr dormiansaand BCE repeatsat Rales
FePgatr%lrr]l clzle;'ﬁgggEi)iﬁag’%er\geltlt 8g,sf€9r97cs'|¥égr?elgaészme a?f,g%gg;w{‘giq: et al,
2000; Kazarinova-Noyes et al, 2001). Studies on dysmyelinating
mouse mutants deficient in myelin-related and axonal proteins,
such as ceramide galactosyl transferase (CGT) (Ishibashi et al,
2002; Popko B, 2000), F3/Contactin (Boyle et al, 2001), or Caspr
(Bhat et al, 2001), have shown that clustering of axonal domain
constituents and the exact localization of ion channels,
particularly K" channels, are dependent on communication between
axons and oligodendroglia. However, the molecular mechanisms that

regulate the accumulation of K' channels into compact zones are

not entirely clear.

Contactin-associated protein (Caspr) is a transmembrane protein

with an extracellular domain that contains a series of laminin G-



containing proteins and 4.1 famly proteins (CGollan et
al, 2002). Caspr exists in a conplex with

wOo-dodosa3sct i n, the GPl-anchored 5 nol ecul e ( PeP@EGBR003/005329
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al, 1997). During nyelination, the interaction of

Caspr with F3/Contactin is required for the proper
transport of Caspr and Na+ channels to the cell

surface (Faivre- Sarrai I h et al, 2000;

Kazar i .noy S I\/breo er IS _co

cglnlget Rl %%sl\?r{?%essen “PSF fe LICRE o\ir‘rall%%g)l 'n thggil as a
arcirirtleetiy escgfedd thh:él axtxgiulall appamat ast{Bifatr et3al ,
ZQ%al)ﬁ%Jgep&tte%s 4208 1 il oltb‘ﬁ&erl%!r%&'@%\' e%5$1 2002)

Interacts in trans wt Caspr/
(€1 esigts din, a20umlext Weth Jﬁéﬁ@@#ﬁa?ltlneo?ﬂ@we[ne@clmred

t&%ﬁ%duﬂgefﬁgmésoet|éi Sﬁ@bb)L“ﬂﬂrgﬁﬁ mygingﬂ£bﬁ|’Qﬁk interaction
s multiple domai n structure, there may exi st

o?%ecrasgﬁ %}t &3 LB GiTERP ST HEAU Freriact Ehp 1 QPRistransport

nof ecube s iNay dipehenaticonne SuNMBoyYfHde tlraiftésdarrailn et
nventj on The i.nv | ored et her

Aspe r x

P Czkocbuk%a&aﬁé\r}%v% PYFE T atlhe%(g];dgﬁl FOYUric PR complex
dmnstgttlhes per rodemfiaty ebs Natlidono -mdimt2On pleret Ia(IUhatecture of
'ﬁhe!\'%%gf*l@raﬁobgié&@.f LSsh %E“'%of'_g%ﬁgf‘ec 1LORS 500

bet ween axons an I goden ocyf es et er M ne
t AethoNggosroganche ]f5éurﬁNF15t§daPP§%1@F0§[§eéFf¢@msl yitlp the

Ped A0deScontIeke (EhariieRt &F a0t S2wbih the paranedah

junction protein, Caspr. The i nventor has al so

detEH R tor?af:hb%tl’r?tﬁ&i@‘ét%’“aﬁa Talspr YRS SR at@dging from
V\ﬂ:&tsl’pﬁ’hemlvlﬂltpaged@ﬁil&d sKiuehasnpethddd mdy eEsthrstthaH:HQf @lial

he co i,zation patter A/Kvl
Com O/nﬁvk R ir TRG gve %b%%rll Iél\cl’r\%%c AR rlnrgelmg?%]onatlon
The i nvent or ther ef ore believes that the interaction

oémmg - b Wi FERSP A REAY So thE! Enddheibg9Ul ating the
uring the 30

e“équ ylnb’éﬁ‘b‘bl sgplegast vhathon Nogpelidquddl hyve ttheowerin the

Catddied1 oindY oh N@ud iMe RO a8 a SHOWYet MRS tion ~ in
oI| OdeEdrocyte Nogo-A is clustered at specific

HCRfFeT) drfct’Peme %E%%lﬁatteﬁnf%ﬁaoafgu Fr dtPyaciops
Hbestme)ehr aceld uharoBLg‘A@eaﬁ)f)cAdy%ES&@e PGE/ EB2OO03MBA58RE: Nogo-A

'\2 b%6f!319r9cp lvcylcgblza nalecn. (,%l[l. and Ial’]}gl rSCt l ¥JhW|r£ h:LtK+
annel ~prot I'sSr epr ese?/]t tHe FrTst
Ng@qméépewctélmttha%dal muecasen (medescr i GPeghrt. oThe

dfﬁ&%ntégdhiga%l§gg@ggérﬁﬁﬂédiﬂﬂytiEé@ﬂ‘ygﬁo—A and Caspr associate

with the voltage-gated K' channel Kvl.l. Furthermore, the co-
localization patterns of Nogo-A/Kvl.l and Caspr/Kvl.l during
development are closely related. The inventor therefore believes
that the interaction of Nogo~A with Caspr plays a role in
regulating the location of K' channels along the axon during the

early period of myelination.

Specifically, the work carried out by the inventor has shown that
oligodendrocyte Nogo-A is clustered at specific axoglial

junctions, where it interacts directly,via its extracellular



for the role of Nogo-A in the formation and
mai nt enance of 5 axoglial junction architecture. Thus,

W@eoos23epst general, the present invention prPvi/G82003/005329
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mat eri al s and nethods arising fromthe determ nation
that Nogo-A and Caspr interact and play a role in
nmyelination. This has 10 inportant inplications
particularly in the field of spinal cord injury or
other diseases that result in damage to the nyelin

sheg 196, 1qvie itkentéror prowi desdalebimeesiyioth K channel

COPRY 1Sk ngrmgqegegs&ﬁ%p&he A3 sOF ndH-BkEESudNer R0fo- &

a substance capa ronDtlng I nt eracti on between
m@f&r&ﬁal%éﬂﬁﬁcrﬂlﬁe%dwo@ﬁaﬁ gwdwpih sdondfii ¢ émplications

CﬁdSJfltﬂhl’e r&refear ably-4 he epapesinht Odh CRAPHE 58S rdnce of

|.ex.bet ween No and_ 20 Caspr, or a mnetic of
S%ﬁ JﬁSﬁpWﬁﬁﬁl?ﬁe %ﬁﬁ&eﬁﬁFﬁ%ule present in the

conp05|t|on is preferably Nogo-A or a portlon or

in_th Pr ef er abl it co rises
SRR ALNELOHoor TEIRR Yd lorEQIR | 368 L0008 1aes
Bﬂ%ﬁmﬂ@)ls argh mpthady onjstherfmoonphé sketetrhera tdomichst dfogo-a

t hos@.qlsgof OB acal {81 nati, vel e/oltgh;en '}Rpeq 88 domai @hmayhas

be present in the absence of further portions of Nogo
pHERYEITAEL TR icaspPrsmeatiifelaaf vt e denpostd iddn spsnal cord

prefervabl yoktasPals@dsed +B8: Pl ONiOldadeF8I tb tther gpdiin
A su tance capabl e of pronoting interaction between
h%@ fd Caspr may be of any nol ecul ar
type,,including, but not I|n1ted to a protein,

28 4l BB SO A0, 200500 B i o

ofr priowbi¢hghegenti mleraaetlbmncw ¢tdpapiladof aomlr@teng
bot . Qt + Nog 3 ARd e CaTRY o aEQrCa@fﬁnplr?!cdrr&)lH@’ylorp'w@ghté)

bot h protelns e.g at the interface between Nogo and 5
CH&eP LAl ¢¥r & vely it may bind to only one of Nogo

and Caspr, possibly stab|I|S|ng the conformati on of

t hat e ..conplex and so Pro

D aPl B e APPSR T S0P S SEFRLP b eRetoso =nd
conqrmx or 19 Mimesnc exargplig, cérrd egubst ance capabl e of
pronoting interaction

The Noge molecule present in the composition is preferably Nogo-A
or a portion or domain thereof. Preferably it comprises Nogo-66,
which is found in all three known isoforms of Nogo (A, B and C).
It may further comprise other domains of those isoforms;
alternatively the Nogo-66 domain may be present in the absence of

further portions of Nogo proteins.

The Caspr molecule of the composition is preferably Casprl or a

portion or domain thereof.

A substance capable of promoting interaction between Nogo and
Caspr may be of any molecular type, -including, but not limited to

a protein, peptide, or small molecule.
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bet ween Nogo and Caspr may be an anti body, such as an
anti body capable of binding to both Nogo and Caspr,

W@2@4/05238% specific antibody. 15 The conposi tiPCI/GB0BM05329

a pharmaceutical conposition, in which case the

carrier will be of a pharnaceutically acceptable type.
Preferably the pharmaceutical conposition is

formul ated for injection in vivo, nore preferably for
injection directly into the CNS. Specifically, there

is provided a pharnmaceutical 20 conposition conprising
thyieﬁﬂryujt@aspmsbéﬁaﬁcbn@&yﬂbﬂ@noﬁl#kbheflﬁg(Eﬂcﬂeﬁnibractlon

C 0Si n as _des a net hod
n@gﬁcg#% ?Ceat ment % g ﬁg}ggu?a% as%r Fe SFATY He i may
tirigdit e ritotdf pmjteulrrgs te; goart dhseasterzﬁﬁpetwas:v@l&s Negic hnd
2(,5%1 3. SQil%lrnggfxdelynJlHr ay( %%é tc[néln p!)r?e oqc_l ?ﬁggland Caspr,

, . epl tﬁgSi stro | nven ion fur
ﬁF@@PHé& g splngs tN@g@Pﬁﬁ@fﬂhE@ﬁﬂ'@éanﬂi(ﬂ?oteﬁnapn the
Wﬁﬂ@@@ﬂﬁﬂkiE@rpEJM%ﬂihgaiﬂﬁﬂﬁagioﬂ'HnHVMrtfhhf%ﬁtghéease

. of, 30 the CNS, wherein the medicanent is fo

LHFERFST A 8h P CBRbFhati on wit h Caspr or a nminetic
thereof. Likew se, the invention provides the use of
3?3%&558&3 %fag %dolfggrﬁr?ewm forglgteractlon
P@Tﬁ"@@O@&fOOaﬁ@Z@ispdl senade eh, atthdo@XS, swdterei antdreibody
ML GAIRIY piSa 0y RduL Pk StdRl LoR nat 318
%8 or a mlrretl(%: t her eof. g%hus qhaSgrrnad(!’rgd[arr%n%o9%1]I1351é)l/gltflc
c%’%r)PP%ﬁé both Nogo and Caspr or mnetics 5 thereof
.e. it may be a pharmacaeutical conposition as
d scrlbed .ahove The invention accordingly provides a

Ch 6O RSTS  EHBRA PR 6T P P TBAST MedeuFPERES ikdRBost? aRich

CorEpr tise n@radm x1ing bhlogo aapdaﬁmpfutoeammtclcsﬁtable type.
g}t gérg%g ]iyvé: h ?a}ha{:)rh%\rﬁgaczgcuatllogzgllnl%51%59%22; rmugageé efror
adlnﬁﬂtsqreri@dvswam@trel yrefAlrsblprivd dede¢tsiarhéiusetlof iato
semst:@@cesg@e@f&&lq PEQIMY i 8G, ,-d E%aagtgfﬁsr}m%w@%h
Nogo and Caspr, as herein describe

Wé‘ﬁﬁ?h‘ﬂ%’nc@’i“pﬁlsﬁé‘@l Badrert 2PBrCasie -t r eat ment  of

injury or 15 disease to the CNS.

%a natmpfelnj

The invention further provides a composition as described above
for use in a method of medical treatment, and particularly for
use in the treatment of injury to, or disease of, the CNS, such
as spinal cord injury (SCI), multiple sclerosis (MS), epilepsy or

stroke.

The invention further provides the use of Nogo in the preparation
of a medicament for the treatment of injury to, or disease of,
the CNS, wherein the medicament is for administration in

combination with Caspr or a mimetic thereof.

Likewise, the invention provides the use of Caspr in the

preparation of a medicament for the treatment of injury to, or

10



The invention al so provides a nmethod of stinmulating
myelination of a neuron, specifically a neural axon,

W@ oupiss8ng contacting a neuron or an ol i godePdr/G89108/005329
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with a conposition as descri bed 20 above. This may be
performed in vivo, e.g. as a therapeutic nethod as
el sewhere described in this specification, or in
vitro. Also provided is a method of treating a

bj ect havi ease of rinpury to the centra
oraTe S0 R inatiePi Simrar Lidity ot segpistration
subjeobipaelgr witheN@hapmrae atifvetat domeosi t i ons
conprising Nogo and Caspr as descri bed above.

Specifically, there is provided a nethod of treating
allpr it8At Mt dRrgRS eamie compigeulyth dNodchen@NS;sre. gr mimetics

S@lereM@ (EPL | BRSHa PrHStr 8K§rma%gg9Ei§danomBgﬂ Io‘?‘lt gLing
to the patlent a conpl ex conprising Nogo-A a

CRYTIOAF | 2R K& apelits criver ks 2deeedinged ar%mdes a method of
cms;fdetedlrpﬁ?t !pﬁb&r@ddeﬁéa@@prc@ﬂbi)@ﬁﬁ)rf %mfuﬂf‘sltr{gea&@mng
cord injur tjple sclerosis
eplgidgpsy B 5R% rogkélmé:vﬁg\?o %@%5‘233 a pharmaceutlcal y
PCIJ<EB2008/ H05329 . TRM£emnyEﬂﬁalgntﬁewﬂdmeboﬁmdnemieSm@y be
&E$H59£r§% EQQ subst ance capabl e of

dul ating era pronntlng) i nteracti on between
Nogo and Caspr t he nethod conprising 5 contacting

NQQQ)@Bgv£§§pﬁsm%5@tﬁmggﬁdéQQ&§t§Mg§Q%ggﬁleQngerotlng

determ ning the interaction between Nogo and
THEFSTECRY! REFYEERtTRIC 8BRS contheceiAgiNGFdPaAd in the

CjﬂtSer’arbﬂlérhejf absearteehtsald tﬁ@ngtéjﬁ:trt@nﬁubﬁtlaﬁﬁgy or
er ot gnalogous 10 conditions, and

de’%?ﬁ?nlngw%%e Phteracti on between Nogo and Caspr.
Preferably the nethod conprises contacting a conpl ex

bet ween Nogo and Caspr with the candi date substance;

tHee dofprieden s lppepeavildey a MBthod net stefotatiny mgelination

C&K“daﬁgggoﬂ“téﬁe%@@15§ﬂﬂ§'gaﬁéﬁf§§b§£éﬂu:%om%Pf%fH§:@Qgtiggﬁng a

be perfornmed b appropri ate nethod
PETEOR @F 13D b’él\%‘ii?nddw&ﬁ”ée Ofi HhafyC FHAbl e s ggscribed

faavat s, Thianchawd bé ﬂlﬁ:f\bﬁ:}néd capable, of. gdest i@ rapeutic

SUui agle proto ol . gr bgF of Nogo and Caspr

met i i

iy 58 presen eﬁ? ﬁfﬁbe is spe01%1catlon, oE in vitro.
Also provided is a method of treating a subject having disease of
or injury to the central nervous system, comprising administering
to the subject one or more pharmaceutical compositions comprising
Nogo and Caspr as described above. Specifically, there is
provided a method of treating a patient with disease or injury to
the CNS, e.g. SCI, MS, epilepsy or stroke, comprising
administering to the patient a complex comprising Nogo-A and

Caspr.
All therapeutic methods described are considered particularly

appropriate for the treatment of spinal cord injury (SCI),

multiple sclerosis (MS), epilepsy or stroke.

11



The gene fromwhich the protein is expressed may be
endogenous to the cell in question, or it nmay be

w@e@gem3son a vector introduced into the cellPCTBE82003/005329
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protein is preferably expressed on the 25 surface of
the cell. Additionally or alternatively, one or both
of Nogo and Caspr may be imopbilised on a solid
support. One or both may conprise a detectable |abe
as described in nore detail below 30 The invention
further provides a nethod of manufacturing a
ph&enﬁm&nﬁfioalfﬁi?w§ulﬁidﬁyaeggfmméﬁ§bag%frﬁﬁﬂeeging for a
[ ed a__substance capa of_ nmodul ating.
B S et R RoganaS Gudgr Oy ecraEHI g
mérhet ddsor bbededreNega, aridheadr t hee sdt@POtoBSrising
f i ' u e.wWth a armaceutically
R AR B SR e i
cArFrErLNITHe thetingd rasyicwohptism ttheo fand tespst ep of
optimsing said identified substance for

adginistration in vivo prior to fornulation. 5 Cells
THBS 87 o6 PeHdefdPeE yIBwirés o seh tReE B Nogor @fdCaspr in the

obbgettendroghialcaeal st apabt e @f vhayi NGrdowWis@ bl s
sgggégt.arouggja Qeuronal géon,in the central nervous
syst em (CNS) 2% fEBFBYEINY SRGudiTesac i Parnrendps® rrd
uSeePrto enconpass all isoforms of the Nogo protein,

i ncluding Nogo-A, B and C, as well as portions and 15

i sol ated domai ns thereof, including the Nogo-66

dBraffrabdy et Imetisd mpampat seambnrartird s chepbof between Nogo

haxd Neh Preat ek ﬂﬂ%aea%%atgs%bst%g%e; 93% c%fﬁg/ﬁeﬁ?é" pggg/grably
or. 99% i dentity to the sequenpesﬁglven bel ow.
of?f-f&?goé’&égr‘brﬂott e nSCHPGHFOt W rRfmeAcdRaspetitesanre.
al so included. Preferably the Nogo protein has the
ahi | i t 20 .bind to a Caspr protein, particularl
ot 1okt 8l K2 B Bt PR Py BPeTariahe wheicor nine
" Chbpled psragediitld enceipaseaa lofi saforsng tobld he shpgiormats,
pﬁﬁ&?ﬂﬂll b@c%éﬁy %ng%ﬁﬂ3%flde§§gﬁ§n8”9 ;hitg%§gr§£%€o%ol.
particularly
One or both of Nogo and Caspr may be present in, or on, a céell.
The gene from which the protein is expressed may be endogenous to
the cell in question, or it may be present on a vector introduced
into the cell. The protein is preferably expressed on the

surface of the cell.

Additionally or alternatively, one or both of Nogo and Caspr may
be immobilised on a solid support. One or both may comprise a

detectable label as described in more detail below.

The invention further provides a method of manufacturing a
pharmaceutical formulation comprising, having identified a
substance capable of modulating interaction between Nogo and
Caspr by a screening method described herein, the further step of

formulating said substance with a pharmaceutically acceptable

12



25 preferred. The termis also intended to enconpass
i sol ated domai ns of such Caspr proteins such as the

we@zdonassBd ul ar domain, as well as nutants andP@EGB20VEH05329
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t hereof having greater than 80% 85% 90% 95% 96%
97% 98% or 99% identity to the sequences given

bel ow. Ot hol ogous proteins from other mammal i an
species 30 are also included. The Caspr protein
preferably as the ability to bind to a Nogo protein,
p&PET Ul ar M NEYTR T3¢ Cr?a\pra%%&hﬁa%rtft% B [9% pPEémising
blsaddt.'oieaﬁ:lﬁemtsllmIEaﬁctﬂ)lﬂ&Irt a?zﬁlrﬁsvleéiliﬁglea/gawd; lprlor to
p j annel, in particular Kvl.| and/or Kvl.2.
1%E€é§%%%%ﬁ052389 PCT/ GB2003/ 005329 The ami no acid
sequences of Nogo and Caspr proteins are shown bel ow,
ak@pgs W th their GenBank accessi on nunbers; Nogo-A

Qi 9408096 (CAB99248) 5 1 nedl dqgsplv sssdspprpq
paf kyqf vre pedeeeeeee eeedededl e el evl erkpa 61

aghgm@bla@@@@@@bmé %dty@dp%regpl RAGRRY - APET qpsSWp
E sstvpap 121 splsaaavsg skl$ depp ar ppppppas

v éh%%dpesf\ﬂfo%laap]aﬁ&ébﬁ SPFRA daving dosgsvderqifin sheath
ahpamﬁﬁpwmeﬁssﬂﬂnaﬁbk;ﬂqmget¢§ﬁgaqeg$@&Mglgy§@§§I@gggp
10 241 | saasfkehe ylgnlstvlp tegtl genvs easkevseka
ktI'lidrdlt efseleysem 301 gssfsvspka esavivanpr

e nni | hnqgel ptal tklvkedevvy 361
ssekakdsfn ekrvaveapm reeyadf kpf ervwevkdsk edsdm aagg
ki esnl eskv 421 dkkcfadsl e qt nhekdses snddt sf pst

pEF K PgaN9ye cdpf Aped diceshegmials 4Bl isloffgdpt sen the Nogo

kpa@mneem@ml\ﬁtgewo& kbsapf lov aaqgset dyv égt%lnts kyte
15 54 evvaqggg dl vgeace selnevtg}k i a

qt 8&VHEEs tBE) $or a01C Hebat &% qgﬁd?%rﬁ%‘ﬁfﬁimr as well
NsaVPSAGAS ¥id)pessphies a;&syayﬁﬁakuh@pﬂé@@@yetha%bo 85%,

e Vs kkv ei k enl ISI cd Iiketklsae
pgg%f 9§%2§ﬁnék€£bpvp hseengagpy §g§vﬁ¥?§ﬁces given

d%?%pq@qt@@tqmvv kersoHetiet sf msmothd8 lnaey\emkaklssaacles are

| ppeggl f Kl k ghee Y}

20 G 1 CRgaT T ske o Tarer 1S GURpPerTde For I TEeRpy e o

sPER degt C%}?Fétvé’ﬁR‘é%’rn' gezttﬂeméga ag%aspgctla pfdlosA is

| kot v eel Kisfegddfsk ngsat skvll | ppdvsal at 961

gaei esi vkp kvl vkeaekk | psdt ekedr spsaifsael sktsvvdlly

wr di kkt gvv 1021 fgaslfllls |Itvfsivsvt ayialallsv

t Tlsd rieykgVCagai"qks degechpbr aydepess 1081 ivaEse) wgKthe Nogo
hv lr I ddl vdsl k .f avl ft al fngltl

Z:H%%a%'IP?é#dd&ﬁ 6£J Y qgéglghglgggﬁpﬁ%%k aﬁﬁﬁ?lcularly

q%Rﬁﬁﬂﬁrﬁﬂk dage term is also intended to encompass isolated

domains of such Caspr proteins such as the extracellular domain,

as well as mutants and variants thereof having greater than 80%,
85%, 90%, 95%, 96%, 97%, 98% or 99% identity to the sequences
given below. Orthologous proteins from other mammalian species
are also included. The Caspr protein preferably has the ability
to bind to a Nogo protein, particularly Nogo-A. It may also have
the ability to bind to at least one subunit of a voltage-gated

potassium channel, in particular Kvl.l and/or Kvl.2.

13



Nogo- B gi : 9408098 ( CAB99249) 30 1 nedl dgspl v
sssdsppr pq paf kygfvre pedeeeeeee eeedededl e el evl er kpa
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.Tg; o i i;ﬁ"firﬁipégz Tapelrt déhé‘aw HEe tgwdrfelqr
r r mcae es mprilvsev
dfﬁé@ §g§ §g§ §H£ 5 Etafl ﬁ‘?gﬁ%&iq Mt geyntner
gecﬂ'plt ?h da 53 @pr dqnlpqllee
sunpo&tm SU|tabIe detectab abel s, espeC|a y f
peti dyl substances, include 35S- et hi oni ne whi ch nay
be incorporated into 40 reconbinantly produced
pEPHI Fés SRR Polfy e friidesacis 8PRatd SByof t¥rgocdnphdrhas the
fosediiag $heieseki d support nmay be detected by
| abelling with an anti body directed agai nst an epitope
present on the protein which is not inmmobilised on
t¥pgosed i d support. If no 15 WO 2004/ 052389
PCT/ GB2003/ 005329 suitable anti bod s avail able, a
r RGBT h AR E P o GRiC&BS 8 pt S5G& VP %?@Wfb"é’ﬁ? | KELRRRFLI PLVDSLK
expressed as a fusion protein containing an epitope
agai nst which a suitable antibody is available. 5 The
PLOALE R & is inmmobilized on a solid support nmay be
[ sing an antibody against that protein
bound to a solid support or via other technol ogies

W G2 s@E ok QWA vRENNt 18€ s ki AL Y %E?Eér?dw' Qel/i ta[“%re of numerous
interaction may utilise a fusion protein including

gil%ﬁagt ﬁPHH%t Wi ghdtgr Reed F(F@Pfla%|f§rné?t%unlng

interaction between Nogo and Caspr, and identifying substances

which modulate, preferably promote, such interactiocn.

For example, interaction between the two proteins may be studied
in vitro by labelling one with a detectable label and bringing it
into contact with the other which has been immobilised on a solid
support. Suitable detectable labels, especially for petidyl
substances, include >°S-methionine which may be incorporated into
recombinantly produced peptides and polypeptides. Alternatively
the complex formed on the solid support may be detected by
labelling with an antibody directed against an epitope present on

the protein which is not immobilised on the solid support. If no
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affect the anount of |abelled peptide or polypeptide

whi ch binds to the i mobilized GST-fusion

pol ypeptide. This nay be determ ned by fractionating

the 15 gl ut at hi one- agarose beads by SDS—ponacryIanide
gshit B)1CHE ORNRILSL SavALLEL Datd Vel Yo,

rinsed to renngg unbound priotei n anJEEﬁngﬁg§xﬁ%X? peptide
pPOtRAWPRRE LI Hag Eﬁnﬁﬁ@feé%ﬁﬁkﬂ§ deferivrnpEotgirceantiimgng an
t beiwdpeuata Ofsy &h@&hfﬁ'%%@@£b1é1anEE%odyeﬁgnE$§ilé%le

suitable scintillation counter. 20 An assay accordlng

to the present invention nmay also take the formof a

cthe¢ -dyasedn agsiapn is wrobhlaied @asté NQd0kupdta-t Way be

p Is j ressed ref er apl n_the surface
PRI LS N RGeaR i B L h 2D a2 bR ko =

| $ovet,d §ueh0%ﬁsqx 252 yeast S¢¢HnOﬂO@IeSHMMﬂEhIaME Geblin per se.
|A%ef‘e§r¥\@|ﬁhvtlg§o 1@4t%¥§9{10110915%%1|1ggs Ok, £egt %goetseln

are expressed from one orf Rore vectors t70duc
i O UOREY celutatibers Sréransfernsgo!Cpr Tihtemact ben

iﬁﬁi&ﬂlﬁh@é‘d b}h bﬂ@té’@h@@gsaga&% deseddbed oy, _Q% (IHEI'(Dersay
qulfle : fﬁlncrease their suitability for in vivo
a

HiRits P FYPRGTATAPREJFLOTE WO Z(04POB2ag0 can be assayed
P@/@B@@ﬁﬁﬁﬁ@saﬁg abTJhetgomo@safteten&eoEmb&et ld}VQQEéDﬂad
<P h ceuti cal fornul atian
g%#g??5|%gqgﬁgge§§¥kgn§la%tlvg goﬁﬁﬁuﬁﬂmo 1&§#uﬁ¥afu810n
a&RAM?ePFB@%{lﬂ@ﬂsmm4y1h§néetﬂrmnnee gt Hferctionating the
Rﬂﬁfﬂﬁﬁ@&ﬁé%@ar%s@%%@sa esdsngfsﬁg@l&gﬁ%%é' Jknown to

ose skilled in the art, inc l[imted
Ot pRBR et | At ieprateeptvablke dmadisenay h@djrwvam go

eb@(i‘doﬁieeﬁﬁlﬁoundbpfrfaﬁél& aﬁﬂe@f%r \éﬁbhf{@%faﬁgo%ﬁphlhhéﬁrﬁas bound

The Iatlon er co rlse ot her active
éﬁgh% ﬁEF dmgﬁémﬁpgg the qﬂq ﬁff{ﬁQq%epresent in, for

pr@rrdes a:nethbﬂeoﬁumnkln@uan phardeaceut i cal

conmposi tion as previously defined, the method
conprising adm xi ng at | east one active agent as
decgispey #Eoeidang to the present invention may also take the

form of a cell-based assay in which at least one of the two
proteins is expressed by, preferably on the surface of, a
suitable cell. The assay may utilise a cell line, such as a
yeast strain or mammalian cell line, in which the relevant

polypeptides or peptides are expressed from one or more vectors

introduced into the cell.

Modulators of Nogo-Caspr interaction identified by the methods
described may be further modified to increase their suitability

for in vivo administration.

Formulations
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together wth one or nore pharmaceutically acceptable
ingredients well known to those skilled in the art,
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term "pharnmaceutically acceptable" as used herein
pertains to conpounds, ingredients, materials,
conpositions, dosage forns, etc., which are, within
the scope of sound nedical judgment, 20 suitable for
U@ﬁe|&n@@@&@f&nswogfhtﬂJ]e.Lanleﬁg‘%%s mgg lg(?%r% ?ngt in
question (e.g., hunan out extessive OXICIt

i PRAERRGeH lca]aIfIOéW@]r%t%Oél@p@WlSéﬁg otthéeapr ocmeemcmve

Ceﬂfﬁ)ﬂ)dLﬁﬂt,l 88, d<FOHBE NHY-RL etocﬂtthlgraw:[ﬁ@%g@agi €nore other
eeflt/rlsk rati o. Each carrier, adjuvant,

eRBF SRSy AESTPEARdE b%gne&&éébi a‘dﬂlé" kPoIR He sbpee
ofkbElieug id5ticonpat | Ma vaihl, the abhelrlmra_gaem ents of

t n. SUIt Ie carriers uvant s
egg?%%e%{dks:ﬁéélg acce Q nrd:leﬁs’S%Cgl angBs, exc1p1ents,
ph@fﬁmeupr%ﬁrwexms afndr sieadaﬂplserﬂemmgt fftilation may

Ph@fmgeggh Sgienc tion, 2000, pub.
Li ppi ncott, ﬁ%()sew mr%%rtég%v%kelﬁgé and Handbook of

Phar maceutl cal Ex0| pients, 2nd editi on, 1994.

Fmiuiw,l ahkbOopSeJERY SMdrAlby ﬂ?rt'h@keLQE&\Md%szrMh%E| BPF%making a
orm of aqueous, isotonic, pyrogen-free,

lgarrﬂa@eggﬁﬁ% 8ﬁ’§po?1r?l°§5a?/\ﬁﬂr€ﬁl?‘ﬁ~°elya€‘€ﬂ’ée%orﬁﬁ’@uﬂ@th@
dC@'&Oﬂl\ﬁEdg Slrckihg g d&aﬁﬁﬁnb?aw@(l@é952§§giecrlbed herein
Eﬁg%ecﬁégoéi&os égor %n%qslet I 1{1)261: ng?gt al ogggéq}fﬁlgslngredlents

maceuti cal Ty accepta
a‘r’ﬁil drpdants thbet ferid leprioseheatives, gst abiddisess,

AN agxs, suspendi.pg, agents, thickening agents,
sol ut es |ch r‘ender the fornul ation isotonic

vvlth the bl ood or 5 cerebrospinal fluid. Exanples of

SThet abl-g 1’}&(ﬁrﬁat§uﬁlﬁfaﬂ|l§r&Je%ﬁ:aby@ dsNu§s&herein pertains to
ormul ations in eSodlumChIorldeInJectlon

R‘fomd) OPn%S’SoJInl?treghen 5 Pattated F&?ﬁ‘ij’é)rs'%l?‘fﬁ'eﬁolséﬁe torms,
Teytm cakhych drke eordenthatdepeods tdmnacheya-00RpagHsht,

e B Sehna S Prarranoa <18 Ngrwee 10 theabbtoct o

PEFIACLOThEe 9o r miviwean) of$ timayt becw@s»@nttedlq:xtyunutrdnsaon,
Of 118t k- péb‘i)%n§§a|&doQ9Q£ %h%%ﬁ_ém §.0r, oﬁé@f@iﬁzon, PO ES urate

and vi al s, be stored in a freeze dried
(1Y Cphi F?%%’)ab&%rhﬂe.féﬁ/ ridqarEing FAF) eherigddi edipvant,
ofxdipeest erdtdce hispliads6apd I"@kcep@dble” in the sense of being

compatible with the other ingredients of the formulation.

Suitable carriers, adjuvants, excipients, etc. can be found in
standard pharmaceutical texts, for example Remington’s
Pharmaceutical Sciences, 20th Edition, 2000, pub. Lippincott,
Williams & Wilkins; and Handbook of Pharmaceutical Excipients,

2nd edition, 1994.

Formulations may suitably be injectable formulations, e.g. in the
form of aqueous, isotonic, pyrogen-free, sterile solutions, in

which the active compound is dissolved. Such liquids may
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exanpl e water for injections, imediately prior to
use. 15 Extenporaneous injection solutions and
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granul es, and tablets. Admnistration 20

Adm ni stration of the conpositions of the invention
will generally be by injection, preferably directly
into the CNS. Injection may be directly into the site

ofqdaragRa C&lléae_Lr n@Elllé/erlp\)ﬁ’a,r}n ?Q,\Cctllcgflﬁ%%cggtéﬂ 0 'thhgedients,

cer epro- splna |ca near
diPYERA Grti n‘i’wnt% @é%@éﬁc@ﬁeééﬁwtﬂyfeper @*‘e@hll(l%rs,

aﬁhﬁfhﬁﬂﬁsdaﬁgﬂLHH%@Snd£%?“ébEMtéM Eﬂl&ﬁ%ﬁ%%%taﬁéh@%, and solutes
reLerence sequence is_defined as the percentage of

afiPhe” 46P4°T 30'S &8O o] 45 WARdF d%t e $86URHSE PRat
aceré¢ldernpical fdib. thf&lxaﬂiﬁﬂ.@@ ACisditasleddestddy d I&@r](:jlers for
r r egue after sequences an
Shorshen, senuanse Al SR SERUENEES 1S,
mBkiyrmsp Ep teritons equ elrse ait dé ritiintoy ¢ ' archjrot i oNnsiTget tagly,
alye é3H$%ﬁEY§@1&ﬁeo§u$ﬁg'a%ﬁ&bé”g%mggu 'gﬁ QBet{}quld is from

sequence identit % 35 identity val ues ma

déJP%‘f“’mlné‘@/‘BJy WaBMsﬂOz ne ANt s diegl exampake, frora&bmt 10 ng/ml
2@9%&5&%%@%&/ %@%&Qaﬁz&onubwp% we@ztyeraollggymt ~dose
266 4 i(’nf' %x WJ- BLAST- 2 uses several search

par afe ér oS GHiteRnaF Y doF eHPHE derRales and vials,

vahdesy Tb'laes‘adqalcﬂstabd efr[éalzaﬂiﬁil%ﬁs :aycq;haetsw)t hednbe@tion

f er | ap. fraction
QLJILE\Q%%% %l % ?%}S/eco og;p?ﬁ_pc%e i’iefl&eo ﬁ% cé'laraler, for

séiﬂ%ﬁ@eWPé@mtﬁOﬂywmmoms, detedi at eved pbyorhte: nseber

Ofx @t K@zgagoasdqagee@iog %%ng&eo%sagnd fﬁg} gemfpr es:‘)%‘ﬁe

WJ BL di vided by the total nu

P“ffi‘?éferdeifﬁ?%rﬁ?@ré%%{m@ér%g%nPh?%rodiﬂéeéakaﬁts
WJ- BLAST-2 into the reference sequence to naximn ze

t) al [ Qnoent score being 10 ignored), multiplied by
14 % amno acid simlarity is defined in

the same way as identity, with the exception that

r 84 QUeS SCONI NG ghyoso&n Lye ;s yal ye | 'ﬁg the %Ll%%um%l

matri x are counte resi dues ch'9% &
PRSI TFAAY | ealbYbip e ioh, havetesihi ¥ ailrppcrggrxnt@s the. @yNs.

a8nfection may be directly into the site of damage.

Alternatively, injection may be into the cerebro-spinal fluid,

typically near the site of disease or injury.

Sequence identity

Percent (%) amino acid sequence identity with respect to a
reference sequence is defined as the percentage of amino acid
residues in a candidate sequence that are identical with the
amino acid residues in the reference sequence, after aligning the
sequences and introeducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. &

identity values may be determined by WU-BLAST-2 (Altschul et al.,

18



result of conservative substitutions) are also
counted. In a simlar manner, percent (% nucleic acid

wGemyessed i dentity with respect to a referencECHGBR@®B005329
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30

acid is defined as the 20 percentage of nucleotide
residues in a candi date sequence that are identica

Wi th the nucleotide residues in the reference nucleic
aci d sequence. The identity values used herein may be

gﬁ@@ﬁ&ise@nbynm%l%feps\émg Lyl YELBLARS: n%"‘ff)\,erf

t he default ar ane p span a
fﬁaﬁ%ﬁadnsg@fdt @aIalaﬁ’éﬁrSZSm@SilZE whecsrp@meu vet yto The default

subjest. The subjsesbid q)a\é@fn@befsh%rgomwﬂ:hogﬁe andh of; ng
treatments of the 30 invention will be admnistere

w i tUYe FVREHTRPP2Prefler ABEY & fraxbert meft W5 amenal

Shﬁhesaﬁ)ls (odent1(e.g.s am;iﬂcbbddld E@duedice MOLSE)Ly 990ie is

C nmn Yy, Oor,_.ape or a_tarmani SucC as a Ccow,
getermln g REeD By oPYHost . miﬁﬁ@%“ﬁr%#%ﬁ%%ﬁ?} rifglues as
Sdb]i@@tlnﬁg bﬂTlWWBELAS.']Q-ZVDdQG:DﬂdCD523895 RCTAGE200:3/-005328 idues
G@Ee&%l erfeEJh%eSQQJT?&; L%g]aa%ro%lscedagagﬁlj ﬁ.%%%eg br}/to the

disease or injury
pF%?%ﬁ%?BPyseqﬂﬁm§9eFo Wd%émd%ﬁnﬂyg alsgmmﬁnthecggﬁ rpaking

COfkbred) 9. mSPip1hBaexpapbment al ani mals, the 5 damage
may be experinental. The CNS damage nay al so result

from a disease or disorder, e.g. stroke, epilepsy or
aPefnﬂﬂmodegemﬁmath&ﬁjGﬁﬂﬂliiiﬁ} ibe@dMinRg in the same way as

Z?d JAVAS relﬁgé?i ond ti gfd/or de ntia such as

Heimer' 'S seas%fcﬁp ﬁg? oﬁeil U§iSs 8586 G PR]ItIVE

t V@Jaterrent sh@fBLDﬁéMmV@ttrwmm lebugener alrhys berdsatieadethich
fQfe A&%ela&&%anu]@ﬁ B3 M Mbeotsfﬂxg{a_lﬁge%&?&e yghyas, .

surgery and/ or Itation

NB%S‘HépPﬁd@n'%ﬁﬁﬁtl‘rﬁalseléawe@*tlane ofteenlpe ef@mted. t 0

pepti des or polypeptides for in vivo pharnaceuti cal
m nmetics of Caspr and/or Nogo

ie Accordlqgl , X
b&” Fesit-Bhetf, §%§E1 957 P br | ﬁonﬁﬁh%fa@éaﬁu%%que@gé identity
Typilcakbyea Noge fdfeicheeofudiR@cpse€SEnt defined as the

percentage of nucleotide residues in a candidate sequence that
are identical with the nucleotide residues in the reference

nucleic acid sequence. The identity values used herein may be
generated by the BLASTN module of WU-BLAST-2 set to the default
parameters, with overlap span and overlap fraction set to 1 and

0.125, respectively.

The subject

The subject to which the compositions and/or treatments of the
invention will be administered will be a mammal, preferably an
experimental animal such as a rodent (e.g. a rabbit, rat or
mouse), dog, cat, monkey or ape, or a farm animal such as a cow,
horse, sheep, pig or goat. More preferably, the subject is

human.
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invention will be capable of binding to a Caspr
nmol ecule to mmc the effects of Nogo binding to that
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binding to a Nogo nolecule to mmc the effects of

Caspr binding to that nol ecule. 25 The desi gni ng of

m metics to a known pharnaceutically active conpound

is a known approach to the devel opnent of

pharmaceutical s based on a "lead" conpound. This m ght

be desirable where the active conpound is difficult
oFSBSGfEgr vER® Subdesy itiHdshaee SNSwhERa s/t chgsed by disease or

uﬁlﬁyhhﬁyﬁbleegf of rapaiio arpdmt hedrofap13dn pistdat i lcf?@ damage
%pup ﬁgf re unsuitable active agents for oral
o

osi REY" t%e19d £9! be THuPHIY "GBEF Aded mBYS. t
pd@mmseusyl Ine tda@:eahmMar yTlﬁe’il’GIalB ddvhaget maydﬂ_selogliesult from

syn [ tin ra used to avoid
rén %ﬁésggg%ﬁﬁm%efar 3'3 tﬂﬁ%ﬁe?g bfSRTS| 8Eutes for a

taﬁgmdepeopeattiyfe cgmmozoonéwzasgnm(yesamoo%aa&lon
Tﬂﬁcﬁﬁoraﬁ@m&%/leaf %klcﬁt;m\ﬁﬁgl;;gﬂhsé hakend n.the k%%%ggﬂ

o a mmtic froma conpo aving a given targe

pfoPASey. Firstly, the particular parts of the

conpound that are critical and/or 5 inportant in

ﬁtern1n|n t he taﬁgex r gerty are determned. In
S8BT pept MU ERF SOt I bedRiTE 1By e intended for

syst eématbopblgtivar yitlg othhe anrapieci Guc@shsurs gedythel/or

p?&ﬁéﬁ¥§1t§t9m1by substituting each residue in turn.
Al ani ne scans of peptide are commonly used to refine

such peptide notifs. These parts or residues
caheddildt i ng 10 the active region of the conpound are
known as its "pharnmacophore". Once the pharnmacophore
has been found, its structure is nodelled according

tmorh—t]_:féplﬁli]&él Qs&lalmr@@ﬁ{dull§§" £ 35@5@%@%@§&f Yo peptides or
ze and/ or. Chaggﬁ? u5|n% data froma rang
'z

s a8F Sl Lot SR BRI R L T SiBs | ACqaRgiLng
dinfriqtacti oh Weatoa am@VdﬁWRogoG&mypuéamésn@abdanéﬁpb&hslly for

siym Lark PRI;AY (W, sobhe  char nd/

v% 'une o yl ap g?%aco S%Elﬂfqiﬁegotjﬂe %ﬁe9€0%1 ﬁresent
bé@Wﬁﬂ§ﬁ°at%ﬂﬁ§)b&nGaRﬁﬂﬁﬁrOfeQﬂﬂﬂuqqup(aaﬁabertmnﬁécuhe to mimic
t ks Jredetd id19no40 PHE88Sto that molecule. Likewise a Caspr

mimetic will be capable of binding to a Nogo molecule to mimic

the effects of Caspr binding to that molecule.

The designing of mimetics to a known pharmaceutically active
compound is a known approach to the development of
pharmaceuticals based on a "lead" compound. This might be
desirable where the active compound is difficult or expensive to
synthesise or where it is unsuitable for a particular method of
administration, e.g. peptides are unsuitable active agents for
oral compositions as they tend to be gquickly degraded by
proteases in the alimentary canal. Mimetic design, synthesis and
testing is generally used to avoid randomly screening large

number of molecules for a target property.
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In a variant of this approach, the three-di nensiona
structure of the ligand and its binding partner are

worpaelsss? This can be especially useful whereCT/682003/005329
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| i gand and/ or binding partner change 25 conformation

on binding, allow ng the nodel to take account of

this in the design of the mnetic. A tenplate nolecule

is then selected onto which chem cal groups which

m m c the pharmacophore can be grafted. The tenplate

30 nmol ecul e and_the chem cal groups grafted on to it

CRIFTSCBRY eGPl yS BRPSSEPBRIEY $oktha fhe dsfen efis nimetic

easyh taocoﬁ];ycﬂinﬁeﬁhﬁﬂig IaS ghbdeelok r b O harplar pac Qﬂngtoa,' l¥ie
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c@g |S|ng peﬁ? %@D Bﬁifﬁgﬁé ?%ﬁf@Biﬁﬁ%?ﬁ%%gﬁg%’Varylng

pept amen0|anmdeasEIQPQStsnrt@p diepyidelhe . gi nigg ismbekituting each

n}é@tdhgsllg%m bﬂlérﬂ'n% J}Lo%‘fhp«%ﬁﬂdtehgge b&)n&%h??%@d to

to see whether they have e target property, or

WAL NEx B etiht DeREY IR MBI - | (TheEar paers OépF??ﬁ@%@ﬁl@@ﬂ&ﬂitutlng

mexcH falc@@{ré Ol gGah &f‘%eb@oﬁ}ﬁfdnbegr@ugnom ak rltysQ at 5

oégt nore final mmetics for in vivo or clinica
FHGCPHH % he present case, peptide mapping studies

nay be used to identify the m nimal portion of one

pep : gﬂe urln]%%gp (:grehgéerkgegetnaf ea(g’ E:lgﬁpglgﬂqc%lhllg modelled

n¢¢ﬁ9¢d@n@é§19ﬁs By desdr phawribeve.eg Antrbudiead shsy,

aptdhedi e§lzceaan9¢omafrP§d dding BUWTDeL A o WaYSe Lh&ources,

term1 "antlbod¥ shoul'd be construed as coveéering any
SPECPEFET B Tr8iAg - SUB S aRc & Favi Ff B chi aili 4rg-ad ahei WK -

W drtputt R €1 srequ iah@ﬂyﬁﬁﬁc istlin;Ciatr)ity ddSingt r@hﬁldkﬁ b e DY &lhe
a tibodé %; T erivatives, funct
e%hﬁgyﬁl RSN HET) oﬁu%???ﬂacgﬁ???ﬁdeé§heFrﬁﬂaﬁdF%%'bondlng
aratweehypiepis) dend onpters kaghrarue Anaarogleobsik d nirbicAds Ngpdelling
ﬁg&g; F 20 whet her natural or synthetic. Chinaeric

e

s conprising an inmunogl obulin binding
domai n, or equivalent, fused to another polypeptide

afe ot k}gEQ{rQJ Qfl Bﬁly%‘i{)rog@mtﬂg @i%ee)&@fn@ﬁsc‘lcgﬁlofstruct&lre of

chi maeric antibodi es are described in EP-A-0120694 an
E‘FheA igand and its binding partner are modelled. This can be

especially useful where the ligand and/or binding partner change
conformation on binding, allowing the model to take account of

this in the design of the mimetic.

A template molecule is then selected onto which chemical groups
which mimic the pharmacophore can be grafted. The template
molecule and the chemical groups grafted on to it can
conveniently be selected so that the mimetic is easy to
synthesise, is likely to be pharmacologically acceptable, and
does not degrade in vivo, while retaining the biological activity
of the lead compound. Alternatively, where the mimetic is

peptide based, further stability can be achieved by cyclising the
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0125023. 25 It has been shown that fragnments of a
whol e anti body can perform the function of binding

w@niosns238? Exanpl es of binding fragnents are ¥C)/GBR@®3/005329
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Fab fragment consisting of VL, VH, CL and CHl

domains; (ii) the Fd fragnent consisting of the VH and

CH1L 30 domains; (iii) the Fv fragnment consisting of

the VL and VH donains of a single antibody; (ivV) the

d t.al., . Nature .341 544 546
Agggg%g\/\nﬁ% cong sltgg rjfgl%l% doRal =ty OF Somstdgs found
CDR Flegi oworogui )caR( dhen) Def pagrrartistoasechivpatiesnt they have
frtagrreem eccogpang)e%etqg Ba_NotA | ggfédeﬁ%*atf LRgMRnh sy v dlt) 3Purther

sin% aln | ecul es (scFv wher €ein a
arg amwatlzfz V‘DWﬁFBW%QCP@W@ZE@S‘?WBSQQOHGM%HVG at

abgel bnkedebyiapephidecd icgkeln Wakehoald1gws ch hecdong.
domai ns to associate to forman antigen binding site

(Bird et al, Science, 242, 423-426, 1988; Huston et

alip Eﬁ#¥ﬁﬂd§ént&5we5858ptﬁ@83apﬂﬁ@ﬁ%tu&iéé mhybbspaeuf te

si.ngl e. chain Fv dinmers PCTI/ US92/ 0 965) Lan

"&?gﬁgﬂﬁéghf %ﬁ‘ﬁégg 2ht % andF%P§°§%% i'C %5%%g%¥§nteraCt
conshrivct edhby. gdipe sf uspmnle(lvmét/htswﬂ useR, abiod |lieggr compound

eteodl R0 ¢ agéiILAggddeéﬁrbayg&o%Q 6444- 6448, 1993).

Di abodi es are nultimers of pol ypeptides, each

pol ypepti de 10 conprising a first domain conprising a
biandimguileegi on of an inmmunogl obulin light chain and a
second donmai n conprising a binding region of an

i mmunogl obul i n heavy chain, the two domains being

| rekedt (kegliby eaqaepthddnﬂﬂeﬂkem)a buhbenadd @at®, the term

aséggiégéi" mhg h Ot{%rueto forrn an éﬁg#yggg?%éélc Bgndlng

site: gen |ng es are F
a§§béta§tqeohamnq ha@ biirgingddamdin ofithnehe g@lqypeept isfpecificity.

vvnngn 4141% rayhﬁlcwerw mlﬁaegysm Qnggweql%tm%t her
pol pept| e wthin the mul tiner (W94 04) . Were

b.fgﬁ@tﬁ%aé 5ﬁ?+%@@é§ 2tk hPBobIussetlt ‘%Tﬁé§>@dh%§/ B@cpding

caﬁyegsﬁlmglgl@é sRepich b thaRkl %&@r@@lo%lﬁh b@ﬁ&lﬂﬂﬁ domaln,

manuf.act ur | a va ety or _ways 1 ge .

WAL CPeGHFF bt GHERIOT S Bi G GERROT %% ~Ufdbe FgDroing an

( 1888)9globglpn epiarcedg cireniioal by eguifaamt, hybsed to another

h%@&&ﬁ%ﬂ@%&e 9£erg¥érg%o§g“éngiuéggg bb%@ﬁ%ﬂJla%daggﬂé%%g¥on of
chimaeric antibodies are described in EP-A-0120694 and EP-A-
0125023.

It has been shown that fragments of a whole antibody can perform
the function of binding antigens. Examples of binding fragments
are (i) the Fab fragment consisting of VL, VH, CL and CH1
domains; (ii) the Fd fragment consisting of the VH and CHI
domains; (iii) the Fv fragment consisting of the VL and VH
domains of a single antibody; (iv) the dAb fragment (Ward, E.S.
et al., Nature 341, 544-546 (1989)) which consists of a VH
domain; (v) isolated CDR regions; (vi) F(ab')2 fragments, a
bivalent fragment comprising two linked Fab fragments (vii)

single chain Fv molecules (scFv), wherein a VH domain and a VL
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fragnents nentioned above. It nmay be preferable to use
scFv 25 dinmers or diabodies rather than whol e

wapdokiosadses. Di abodi es and scFv can be const rBCT/682003/005329
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wi t hout an Fc region, using only variable donuins,
potentially reducing the effects of anti-idiotypic
reaction. Qther forns of bispecific anti bodi es i ncl ude
the single chain "Janusins" described in Traunecker

etdoﬁ]aln Fan_iéOl@le]cP%rynQ' pepltgde E%e?f6é§ clg Ja%%%azs t;he %

be desirable to "humanis non
aferpbi €9 £BSPFiGHedEe alcrﬂmbea.@stlﬁamwctm amq génrd et al,

blsﬂdéﬂi\@a prueperii-ascofiddie BEH:JHRRN, ANtiRadyss Whisl es5g79-
Egg] s%% the 35 | munogeni ¢ _r esponse of the

ant? bodi gvﬁh@n tPRSFHErE s Rhabs Fyprimers

20041t 052339 9oPCTY GR2003+ 00’513290d1fﬁ$ﬂanm1§ilﬂ_ﬁzam¥nt Thwus,

h nt.i es, conprise
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i ®. Wbl Glyerest dale®rbeoMagiie Bradrosei cargy enead ar6448, 1993).

determning regions (CDR s) are replaced by residues

fromCDR s of a non-human 5 species (donor anti body)

shepPdigfoase, mdtingrs rbbpl veanrtibedy edvaybafyndpdide

deamgs@ﬂslplrgoaemse;sdoﬁglrﬁra%ﬁbﬂ&ntgya B ddiRigt ¥e@fon of an
cag$C|t Sonme of the framework residues of t he human

ObIRLYT S EhERHEpPaL et B OrBr WP aPRRy ising a
nonadlmanreyesh difesn Qﬁmﬁ){)glblﬁﬂﬁuﬁéaﬁptch@ﬁﬁ$eﬂte itho domains

el donar. accept or,_.ant 10 These ,

TR JIREn Pl B AR LG T b R PRE e gesociace
opttiieseh pheepriopéptn ex ehtidmn @mhdb@;sltSpeczirftil@en binding
eg‘@@@é et %of”rﬁe& fil)‘;, f:ﬂu! %ss@gpg&t e ftg‘? pcrl‘ié@ éomaln ?f one

invention wll now be 11l ustrat way of exanp
wWPPhY R erEneEEhig the m%l@%ﬁédﬁﬁényhﬁgsefqoger@@naln of another

Fubt Zedptaabodi tramt Shavnhdl thRe ApERYeni s¢¢ )t hose skilled
in the art. Al docunents nentioned in this text are

i ncorporated herein by reference. Brief Description of
t HeeFé guspsct &l atnngbddicsher&itsbeAspant takse 2t be

I r rived A clusters
t@ée{f?%éaﬂrtg_ﬁg hégky]i EJ éhgl% itquchﬁets,ra Jgol} aclaﬁl g emne]tnufactured in
secY3ipred ywef evalsuls el HuewnoP aleldedlifioyr GNogex #eng Opimion

apiSsedhnofll. 8, @rdshd @@@35 ,’16 e’évils ;?\Iﬁ dCIEﬁQHPéaJ?Lyzgrdfrom

subunlt (red; b, c, h, 1) or Na+ channe

e %:ll J"dl )hybrldomas, or may be any of the bispecific antlbody
fragments mentioned above. It may be preferable to use scFv
dimers or diabodies rather than whole antibodies. Diabodies and
scFv can be constructed without an Fc region, using only variable
domains, potentially reducing the effects of anti-idiotypic
reaction. Other forms of bispecific antibodies include the

single chain "Janusins” described in Traunecker et al, Embo

Journal, 10, 3655-3659, (1991).

It may be desirable to "humanise" non-human (eg murine)
antibodies to provide antibodies having the antigen binding
properties of the non~human antibody, while minimising the

immunogenic response of the antibodies, eg when they are used in
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For negative control, Nogo-A antiserum (1:200) was
prem xed with antigen before staining of an adult

whe@isnsssem section (j). Two Nogo- A anti bodi eBCT/GB2003/005329
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devel oped in the inventor's lab (a-f) and another was
developed in Dr. Stritmatter's lab (g-i), were used 30
inthis study. ¢, f and i are nerged inmages of a-b,

d-e and g-h, respectively. B. Utrastructural

| acaki 2a1:98, 0f Mogo- e tﬁlgag 18RS Rt Ale 3RLBR .k
cord, (a) Inunogol d cross sections
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ag? Innuno old 24 WO 2004/05 389 PCT/ GB2003/ 005329
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for . 10 Figure 2. Expression and

e' .
‘| SE%IE?EO&eerhe%fOfl\ﬁﬁﬁ 2 5Rk°fhe CNS nyel i nated axons

fromEAE rats and CGI -/- mce. A and B. Spinal cord

S |osf EAE . r at r st ai ned

gééc l(C emggc]lln}i)nts épt\r‘ﬁ%( g%eetn asgictam&wpigie ﬁ)res(ernédlmAentlon
awdlB)nOWThe Sthrstmarks ®yNegp-o& p@smmla/,ewctehlrekﬂmtynce to the
aggc&é@ narffam@@ld m@ag@t&é@o@s r% et o apparent to
par anod ar g | 'abel 1 ng. ers of Nogo- d

cé%‘ﬁ?e Akt ef st Fhgeviet-aP L i %qco@@eb‘f crenftilengld igf thée htext
nerstincRgo EARY abreph 13l re0&£krsecti ons were count ed.

Val ues are given as nmean SEMfrom at |east 3

i ndependent experinents. Nogo-A clusters were

dpabeat iDeakkypRibn edutied RigultdE re0aphiedol Bhaimit Aspect of
r ble asterisks (**) indicates a

s%%ulunp%g‘ﬁggyl evel of P<0.01. D. Western blotting

result show ng that Nogo-A was significantly

deywiegul ased ide i $Pk r}\@gocﬂrglL%fte@EataryhgabéraMtes in CNS.
Caspr expression was only affected slightly.

sPngt@lds et iieirepras sfes iansivgnes ¢ elmmm@labeled for

Nogo-A (green; a, ¢, d, £, g, and i) and the Kvl.1l K' channel o-

subunit (red; b, ¢, h, and i) or PAN Na' channel (red; e and £).
For negative control, Nogo-A antiserum (1:200) was premixed with
antigen before staining of an adult brain stem section (j). Two
Nogo-A antibodies, one developed in the inventor's lab (a-f) and
another was developed in Dr. Stritmatter’s lab (g-i), were used
in this study. c, f and i are merged images of a-b, d-e and g-h,
respectively.

B. Ultrastructural localization of Nogo-A at the paranodes in rat
spinal cord. (a) Immunogold labeling of cross sections of
myelinated axons revealed that the gold particles were detected

at the inner and outer myelin sheaths. (b and c¢) Immunogold
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25 |l evel of P<0.05. E, F, G and H Spinal cord
sections fromwild type and CGI -~ nmice were

waloubls23Babel ed for Nogo-A (green) and PAN NarRCT/GB2003/005329
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channel. In wild-type (P16), Nogo-A clusters at

par anodes and PAN Na+ channel s congregated at the

nodes of Ranvier (E) . In CGI-'- mce (P16), Nogo-A
segregati on at paranodes and PAN Na+ 30 (:hannelb

c [ g har et F 0o-Ala e ng
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Stars indicate the reversed papanodal |oops. ax:
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i ons ., of Op% g rats were 10 subj ected to
Ve ERE Bl ntd FePn Biidy DTS Aal ASPINGRESRD 1 nd Kul.1
t (Mmd,i A. 2{d)B)Br ahasttenrsmb rlomaposysrat @bsdayvelc%@l body, and
B;]e P%Q))w}rlér"atas 1n%£ %ughe& Qe:r_%r%gg\/(?%ta%rag ar],( tNogo Aglabellng

anti bodi es agai nst
ht ppBERAPEIsCL doagy- Z%ar?dldbﬁaqimpénﬁﬁndw)lnse@tez@rismlmecvse:oplc

deuhlae §E%J%dnf39£all\lgxﬁd(ﬁi}§%rt gpﬂ{éq. Ehra w&lgﬁgdwer%)

and 15 Kv| (red, g). e and h resent nerged I nages
of o ted; ‘é"h]dlels rgy, I Ve pR tiana! ¥ y S Fenbalr SPR6F E Lo

hinc@pmiel& DHpgoiferass om)@a@s cWMit e Gagprd F&”ram(’;l@).cally
Cﬁ ggnt 2 %at es of gr ain rrbr ane\x}]r actions from

*
hi ce wer 8°TRARTRopr €21 af%tos rasterisks (**)

NG@bLAtearm smssléxnanbedle@ela@fv\em 0as nomemﬁebicgﬁlng
20 JThe gm&%p'&ﬁgﬁ morg@tﬁswaa%q gﬂ@fc% ;ﬁecg“g&%ta&;{e%{“m

brain (Brain) together wt e pro
(BERAL) cnet O L BBT evtiadls o bupeSeern ebim;eswmgfas only

&{Hﬂeﬁﬁadeﬁl@%@ELﬁStThga§@ﬁglé\QQQeA. ]J:%e angd. NB3, s:(@lflgance
%eg%rlag§ g aCt I. OEn,S F?f G[\bgrgd 'IA-I/ ngfr{a/llzgérd I\Eegc?:-lﬁs f-romn wild
type and CGT "/~ mice were double-labeled for Nogo-A (green) and
PAN Na* channel. In wild-type (P16), Nogo-A clusters at paranodes
and PAN Na' channels congregated at the nodes of Ranvier (E). In
CGT™/" mice (P16), Nogo-A segregation at paranodes and PAN Na*
channel clustering were hardly detected (F). Nogo-A labeling
appears to be loosely spiraled around the axon in CGT™/™ mice
(P21; H), but clusters specifically into the paranodal region in
wild type mice (P21; G). Bars: 10 um for A-B and 5 pwm for E-H. I

and J. Immunogold labeling of Nogo-A in longitudinal sections of

paranodes from P16 CGT”/” mice spinal cord demonstrated that gold
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A- transfected CHO cells were i mmunoprecipitated with
anti bodies 25 to Caspr and Nogo-A as well as

woen4iomsene | gG The i mrunopreci pitates and bPEI/GB2003/005329
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extracts (Brain) were subjected to Wstern bl ot

anal ysi s using anti bodi es agai nst Nogo-A, Caspr and
F3. (c) Detergent |ysates of nmenbrane fractions from
P15 rat cerebral cortex were | oaded onto a |inear

Sﬁgf&ﬁegr@é’f@mlslgpe Twekve an%‘i&n@ﬂiy frre@gffé&f'siowﬁge Panels
collected, subjected to SDS-PAGE and anal yzed for_the

di st¥Fibult i oFF 6F9Rlo’§%g%fl€é§b?n At Hpyedvigetasy 4n I and J,

bkeipddtgveFy actrirens lidds chbe 4Hawgsia dg%&ih&)(eff.r %’Ja'r@nlndlcate
rggover ed fram t he to of gradient. t&g | an

7 AR Ead ABeaSad kDR s The TRl | AL ragaRaT B
béfﬁm e 2[06adh N roAt @nd 35 bBhenmsuforose grdadf ent 26 WO
2004/ 052389 PCT/ GB2003/ 005329 Figure 4. Caspr
expressing cells adhere to Nogo-66. A to L. Caspr/F3-
(E&glEeaﬁd t3sprF3sse@atesandty Nogamd iroektr¢C, G and

}?C\&@H:rﬁﬁltgg ﬂ.—&&s@@?t £brasRL /nFy%’_LlﬁQEecH a@c%g L)

ells were plated onto substrates coated
th%S‘J@Glﬁéi)T?sdéromr%?HFnﬁ?ﬁlOGSTOW@ 68 p?fota&uﬁt Jéﬁﬁ were
G&Tbjeﬁﬁ&ﬁeﬁcﬁ ineslky¥rn Sﬁaﬁteusﬂﬁ;f ‘an8iPddiMst @g&hnst NgR and y-
nt|f|ct| of cell her nce fo vari
ab g ezb %gsa 7?33“5 19 §la(“?£1 et p s%Pr}6§38?’ rats
abglem@etboécteﬁi -tI@LEesttree:at ot )qs1bgtarrterbbees FR3rainet NgR and

&lrlgll\bggﬁ %1‘&ehk§po£ﬂ\gem i et) oalll\pg)%aqg peerpt q’]fd%é §ect10ns

66. Bars repre he nunber o
CERTS doERp? esgddeast e daR SEMEDS r o ranat fl)eal*é}txP23 (red, d) and

| petependenl expar ke SepMseld. mét:getch@_mggascgf %el b b, and

adhesi on assay after PlI-PLC treatnent
ahtl TSPEREN EiY- s Samte tREPr FoT |l £ar: d3BBr nat ant vver e

cBl :I\&:(gibed ?ﬁud:lsubg; efﬂt&dC&%r\MSteKﬂl Yotblgidd r]gfsgtes of
apal ysi s ter nor i Zi.n 0 otal protejn to det
S
SvitCaspspE3-N@edorcedid IWSaaretla)btiees Ris- RECL t e atome triune IgG.
4Th&.mﬁég§reg(_?)1€§{és a%d!iéll[@r% Bgr?)ﬁgra lcg %fo%@tbrl[g?ztx (Brain)

The asterisk Indicate a significance [evel
PO OB e rCaspt /HS- PCHE igeh| ReatthdBears) o "2 Be NogU-66eaAn

GrdstNegon 66 Wisti Rgegwalsoefi £ cag%agytaéats%&,tﬁ SHENE3, and NB3.
wi th increasin concentratl ons of P|-PLC (0.02, 0.04
aHa 6{6%ra%ﬁlﬁ Eﬁﬁns of Nogo- A/Caspr F3-, Nogo-A/F3- and Nogo-
A- transfected CHO cells were immunoprecipitated with antibodies
to Caspr and Nogo-A as well as non-immune IgG. The
immunoprecipitates and brain extracts (Brain) were subjected to
Western blot analysis using antibodies against Nogo-A, Caspr and
F3. (c) Detergent lysates of membrane fractions from P15 rat
cerebral cortex were loaded onto a linear sucrose gradient.
Twelve gradient fractions were collected, subjected to SDS-PAGE
and analyzed for the distribution of Nogo-A, Caspr and F3 by
Western blotting. Fraction 1 is the lowest density fraction
recovered from the top of gradient. The last lane that is labeled
“total” indicates the levels in homogenates before loading onto

the sucrose gradient.
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Figure 5. The Nogo- A/ Caspr conplex interacts with K+
channels. 25 A (a) P7 nouse brain nenbrane extracts

waowegg/0sasgunopreci pitated wth Caspr, Nogo-A, KVI/GB2003/005329
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Kvl .2 and NB3 anti bodies as well as non-immune |gG
The indicated i mmunoprecipitates and brain extracts
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Figure 5. The Nogo-A/Caspr complex interacts with K' channels.

A. (a) P7 mouse brain membrane extracts were immunoprecipitated
with Caspr, Nogo-A, Kvl.1l, Kvl.2 and NB3 antibodies as well as
non-immune IgG. The indicated immunoprecipitates and brain
extracts (Brain) were subjected to Western blot analysis using
antibodies against Kvl.1l, Kvl.2, Nogo-A and Caspr. (b) GST pull-
down assay was performed using recombinant GST-Nogo-66, GST-Nogo-
N and GST from adult mouse brain extracts. The indicated
precipitates and brain extracts (brain) were probed with Caspr

and Kvl.l antibodies, following SDS-PAGE separation.
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Doubl e | abeling for Nogo-A (green) and Kvl.1 (red) in
spinal cord sections of wild type (C and Shiverer

W@ D@psssre. F is a nerged picture of D and BPCHGBRWS/005329
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in C, F and G indicate Nogo-A positive cell bodies.
Bars: 10 pm H and |I. Doubl e i munof | uorescence 30
staining of Caspr (green) and Kvl.1 (red) in brainstem
sections of wild-type (H and Shiverer (I) mce. Bar:

1@ pm) denbhgne Cﬂrﬁ%@ﬂ&r@%fb@h&\e% @@bra’gﬂ é\f/Fg' (%Cﬁ'c@hfg as
in EAE with control rats and Shiverer

WFalt%ﬁpQrEW)eﬁﬁreétaeweéené%WéorF?ﬁnuSﬁPer %@&@p%ubodws,

(EpLlseary SSEMAGE espeeidivel Vib) Thetaﬂlﬂ@&shan%a%éfmlon
2004{1 0%23%9 PCT/ GB2003/ 005329 rats _or Shiverer

StGni T T cant Ty P atfit €47 Rhets ' BRP A Lo m?“l’%alne “extracts
C@lﬁt ¢S F%é@@e@alspel’m (CHH)SteI]JsSKISré *mdmdlaeacﬂ 88tk GST-Nogo-

l, P 01
Sl6gné1§ Iéé%‘nCJ@ c%lvgkkr_) ﬁ‘%& 21,8: %a urztenst nge serpélﬁsa%d by

interaction between
Ay S phAE an@lo@@b@l@r Wh@l Bpebi nentd GMl 1 mné;dépme:m t@:

NEdRonograe: b vaniar sys f imadi0gs ,iWggest that  paranodal
Nogo-Ais a glial ligand for neuronally expressed

Caspr. Paranodal Nogo-A trans-interacts with axonal
Casgmxe &ndIﬁﬁhﬂﬁm¢sté®@mﬂcé@|théllK@'éﬁqﬂ@@@LA Caspr and Kvl.l

aIJ durin he early stages of nyelination
%om iR ARG i e st at Qﬁgrb‘?ﬂ axogl i al

J ancmaomstezn idte:ladsﬂdéfs P5Kto Cettﬁllllﬁekstmeeeeé{@lhbﬂ(&dabeled for
ranodes interaction is |
(??eae Thksy F’ l\ﬁggaet%ﬁﬁien%%a & £ Br Feitgons from
sergatcatm@nra‘eftmqems toude exlp)éJ(Hdedor NdydNA Nede=r0f and Kvl.1
I;inw er, PEI: Okgar node JPN uxta aranqde. Detail ed
Eei ptranc it HERFP st ﬁ@pecct (B8t Tie 1PRGERT i Gn Nogo-2,
Resul 1 sir@0ndoganAngSaddaaki 7 edretr@ap hee fpamansees Gton
eI i nat eg axons The d| stributi on of Nogo- A was
éﬁ‘f?ﬂger&p Fongt RE>MnT &M mat toar T ‘Fr%if”tb§roFfa‘a‘iﬂrtlaPﬁ%ng Nogo-
baawnstlem tasdromgt udindke 8B€Cit BBan&ieRl Wak counted.
| ocal i zati on patterns of Nogo-A were observed with two
di fferent 25 Nogo-A anti bodi es: one was devel oped in
t Fegwrey @nt Biswribabi¢fFiqf NodegAachsptiandekvall 20B2F rats and

and; anQlhgr was a kind gift fromDr. Stephen
Stritmatter (Yale University) (Fig. 1A 'g-i; Wang et

ﬁ and B. Double immunofluorescence labellng for Caspr (green) and
Kvl.l (red) in brainstem sections of EAE (A) and control (B)
rats. The insets represent magnified views of the Kvl.l labeling.
Scale bars: 10 pm for A-B and 5 um for insets of A-B. C to G.
Double labeling for Nogo-A (green) and Kvl.l (red) in spinal cord
sections of wild type (C) and Shiverer (D-G) mice. F is a merged
picture of D and E. Arrows in C, F and G indicate Nogo-A positive
cell bodies. Bars: 10 pm. H and I. Double immunofluorescence
staining of Caspr (green) and Kvl.l (red) in brainstem sections
of wild-type (H) and Shiverer (I) mice. Bar: 10 pm. J. The
distances between paired Kvl.l staining in EAE with control rats

and Shiverer (Shi) with wild-type (WT) mice were measured from

micrographs (pm, mean * SEM), respectively. The values in EAE

28



2002). Nogo-A i munoreactivity (green) was confined
specifically to paranodal segnents al ong nyeli nated

wW@x@nes 38 g. 1A), as 30 evidenced by double  PCT/GB2003/005329
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i mmunof | uorescence labeling with Kvl.1 (red'; Fig.

1A, a-c, g-i) or the Na+ channel (red; Fig. 1A d-f)

The specific |abeling of Nogo-A in axonal domai ns was

undet ectable after the Nogo-A antisera (1 200) wer e
g

B R ﬂ?fngsea?l&i S5 5 e A Oy, Foflgared o

cl’°} ﬁh%lcqnéﬁéwngfe(sr)é@ylvmd |c‘sstfelraﬁked*’bynzgcms a

2Q044 052389 PLHB2R08LDGRP29 | uxt aparanodal Kvl . |

| abeling (red), thus reflecting its paranodal

| ocation. Simlar observations were nade in other

netyere fa. bem&u&i&@&&ﬁdﬂ BStSMGN N3G LN ROERYS: at the

call osum and t spln cord no shown). In the

sEEETOHE “eRathi gJo ﬂu\ﬁé%g veiBayiect ed i n both

neur odbi tdnd mibgadendtmythesm(mt' shmm)gs sﬁ@c_f;&tsttﬁﬁlt

t I ed s et a 002
%Sﬁfﬁo%goggé‘flﬂu%gt a?f a%ogﬂa(n hggeneo rsoélra\%g |or§Dressgjd
stGggest RelanrodNodgogA-eirabe-errdrehesd wittit heopar drede, and
aﬂlg%'_l Bl & goppanent KOfchtangel PRk Q@Qgﬂloﬁr %?irﬂ; Q:ngpsja%ly

he specific paranodal Iocatl on of

f SFEHET Of| Ryestiegarad AR gs1 mitdss- ém%cﬁﬂrr@n?@wsle@byent of

(bEMlla@Oleth’Eﬁﬂis 1 ’Ekba REGYEHUK Ohisehvat i ahs (ekleb&fed from
muno- reactivity was high in

CRBCHIREP AN bOLEP MSGPE-or (NG et 1o 16 LaHRATR: hovever,

( Ehg.ddtBa)l, maeithrliow for tthesconpaetioy etdmaiak tcatbe explored.
S n@lac GOr oS30, D)o HOLAD! Youn! M LS %' Ludlqa
sections, Nogo-A oreacti'vity et he
expanded term nal gI ial loops (Fig. IBb and c) and
t Beraxegl bakcdifiebhode halwpensd RgplooRse aRd df&ition
axol'emma (Fig. I'Bd and e€) at paranodes, and IS present
only 20 occasionally in the paranodal axon (Fig. |Bd).
ThReselLiabservations indicate that Nogo-Ais a
conmponent of the CNS paranodes. Nogo-A is a paranodal
el ement mainly derived fromoligodendroglia Nogo-A is
pNedord Aanlbgaldgedetss ethel pamri@denﬁl rggliiak tedldxons
b@ﬁgeaa &%9&% M o JRLE GL ¢ of, fhg (fdRer

002). To char a%%?;ﬁ ze the cef?d%iaﬁn OCF&I?%I@%O? the herer
pgpgﬁﬁugﬁ gﬁﬁ%ﬁngatmbralnstem In longitudinal sections, SLmllar

localization patterns of Nogo-A were observed with two different

Nogo-A antibodies: one was developed in the inventor's lab (Fig.
1a, a-f; Liu et al, 2002) and another was a kind gift from Dr.
Stephen Stritmatter (Yale University) (Fig. 1a, g-i; Wang et al,
2002). Nogo-A immunoreactivity (green) was confined specifically
to paranodal segments along myelinated axons (Fig. 1A), as
evidenced by double immunofluorescence labeling with Kvl.1l (red;
Fig. 1A, a-c, g-i) or the Na’ channel (red; Fig. 1A, d-f). The
specific labeling of Nogo-A in axonal domains was undetectable
after the Nogo-A antisera (1:200) were premixed with 100 fold
molar excess of antigen (Fig. 1Aj). The Nogo-A staining (green)

flanks nodal Na® channel labeling (red), and is flanked by
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exam ned Nogo-A's distribution in two ani mal nodel s:
experinmental autoi nmune encephal onyelitis (EAE), a

W@ o0vdios238n i nvol vi ng progressive CNS denyel i ne€T/6B2003/005329
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(Swanborg 2001), and CGTI-1- mce 30 known to display a
presence of reversed | ateral |oops but an absence of
transverse bands, and abnormal |ocalization of K+
channel s along their axons (Dupree et al, 1999). At

t hexfgakaRbaa deryel i Natd;op, i &eﬁql{” L FAEERL Ses ok h(ﬂ;g
| ongi tudi nal spinal cord dect i Ohs were pr epar €d for
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correl atﬁiégnl%/vie%%l&t?ﬁ alncogkslé 2&)5%%3?(%% g] lét%\icrﬁmﬁﬁ?ent of the
NOYFRIEX pP e siiancemplsite spinal  cord was

downregul ated in EAE rats (Fig. 2D). However, Caspr
expression, was affected to a nuch | esser extent by

t hts SFCSOT HerP2PRC e TOFRHEAD O6r P{FAg Wa2BEWB)Ehe10 | n
PlllﬁJaMtlidat%cpelsﬁh@ei,qmﬂ\blgleeﬂec(th?eaﬂoéﬂo@%t erd@mbe@bﬁgi stzdéelt
c r ed Na,' channels (re t_paranodes (Fig. 2E
.‘9{% %%gglcf@ﬁs R HGWEY ‘%‘fbeéoﬁgraelgaﬁ%% of" 8t—% HImURO=
Nejps-tAvE gy eesrs) hand MNa+hehamreel snd rederwasogrrod] Yhe myelin

d@&@a‘?‘:ﬁ’ﬁ‘éh"@ép%a‘; bear@(q_g§ __{A:itgle ggrapa 5m elin of rat spinal
I mmunof | uor escence anal ysis on spinal cord sect i ons

frOMm PEiIwiiRP) -t Yperldnd Eotongiibedimad pestomeedVeet g
aimﬂdmakeéaﬁﬂﬁﬂtynﬁﬁgEHLghtDﬁ éﬁ%0e§£khd@auEgimiﬁﬂiﬁeiiai Noops
COlY m%;}on h I\&) -A antibodies. A Loose spiral-Ilike
S TeP P g0 AU BRTELPaa Haright atveen the Loops ana
newr ekblament (Fighelmd aanos) iat Q&zroded) Cend Risgpr@ddnt only
T&&s&@h@f’#y %.Qi ?ﬁé %&g:%gloégp%lxl Qg{ eiraqt.t ?EQ) | h%lsgag%lljsyervations

different from the ‘conpact™ <cClus ng patterno
Notfg-cAte afed i Ngopmh vilsl d ¢yenant nel $heFERS pa2Enadek .G)
reveal i ng that the congregation of the glial Nogo-A
al ong_the axon was severely disrupted in the nutants.

|~ Bbsery R8RS ITh Ghetet hae inby oA Afhufksme aé i godengiroglia
VWﬁgdshea£|gkedominantly expressed in oligodendroglial cell bodies
and white matter of the adult CNS (Huber et al., 2002). To
characterize the cellular origin of the paranodal Nogo-A, we
examined Nogo-A’s distribution in two animal models: experimental
autoimmune encephalomyelitis (EAE), a condition involving
progressive CNS demyelination (Swanborg 2001), and CGT/™ mice
known to display a presence of reversed lateral loops but an
absence of transverse bands, and abnormal localization of K
channels along their axons (Dupree et al, 1999). At the peak of
demyelination in adult EAE rats, their longitudinal spinal cord
sections were prepared for double immunofluorescence staining for

Nogo-A or Caspr, and Kvl.l. The density of Nogo-A positive
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25 present in the reversed |ateral |oops at paranodes
in these nmutant mce (Fig. 21 and J). Gven
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in EAE rats and abnormal nodal and paranodal

structures in CGI-'- mce, |ost of Nogo-A congregation

at the paranodes suggests that paranodal Nogo-A is

predom nantly 30 associ at ed vvi t h OLs. NgR i s

uﬂéfa‘?{o%y gcgnggtrrelggyég%a%l QD ﬂ} ec% ?‘ngnesd T%?/ around 90%)

i nventor next” i nvesti ated e ex ression and
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gis‘; on patterns in nyelinated axons., 31 WO
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post nat subsequen gr ad
djébrté‘l&sép%rl*@olmcgr@/eéﬂk@ -oRBRje (Fig. 3Ab) To confirm

that the NgR anti bodi es used could | abel NgR on

neurons, .the inventor stained rat hippocanpal
sELtALEnEL Lt R ofEce t HREONyR IE8ST bAiisEeES Vitash de highe
n@:ufglﬁg&p@:ﬂ:ll\fal Cchirgle 0t ubtdde- aSS;QCrIaaBQQs p(rmbel Pe) 1@Gn2p16 coT”
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t ehane ls abird) nglwddmaﬁemqtgdnabindomhh anirsbodies .2F) .
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ongi t udi nal al nstem sect i ons
URIEO PR YRR StRidsutad e FRgnask ored Ry 1Snidstr aseialg Ak ke,

the Q@.gﬁlﬁ%ﬂ&;e%goji(ﬂa(&té%@nein |3Rst &0 dnFliGen 3N%gof—A en)tlbodles
|mlar R | abel | ng vvasoservedlnPl P5, "P14

Py S&geP: %&ﬁ%e(ﬁe%ﬁgmﬁ NogRgA ghse A heF i FASRY t"fli]@
NgR doo¢ admezat ilehel@Attkennid £cd/stminet [(yig fFmer emtid r@fher

t 0 tedNo Aat t.he ar a de ral es e
p%grsﬁg % f t'HAP ?\% Way oRE %F acjtr%%\fnr? Oﬁln%?(oﬁ‘?gpa‘:t
r@@éﬁ?étn@tm@tethaﬁ NgRoth ltahesengpecifiie apenaginals (Fig.
dﬂﬁ%‘n@.s@ I\%Qreélirﬂ} ecrh%@_t &éMCFHgPan@él%qajafCa’%p /].Jl.:§ Nogo A

conpl ex dven t he paranodal 1 ocCation of
|%ﬁﬂ9§tBPel%ﬁﬂ§sﬁﬁﬁaH%¥$rely disrupted in the mutants IEM

observations showed that Nogo-A immunoreactivity was clearly
present in the reversed lateral loops at paranodes in these
mutant mice (Fig. 2I and J). Given widespread demyelination and
oligodendroglial damage in EAE rats and abnormal nodal and
paranodal structures in CGT/” mice, lost of Nogo-A congregation
at the paranodes suggests that paranodal Nogo-A is predominantly

assoclated with OLs.

NgR is uniformly distributed along myelinated axons
The inventor next investigated the expression and distribution of
the Nogo-66 receptor (NgR), to find out if it also exhibits

domain specific congregation patterns in myelinated axons.
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25 whet her paranodal axonal conponents, such as Caspr,
F3, and NB3 (an F3-related nolecule) (Lee et al,

wWQo®d)p52389 € Nogo- A binding partners. Nogo-A, BEaE0B2003/005329

10

15

20

25

30

35

F3, and NB3 were imrunoprecipitated from nenbrane
extracts of adult rat brain. Western blot anal ysis of
the i rmunopr eci pitates resol ved on SDS- PACGE reveal ed
t hat Nogo-A, 30 Caspr, and F3, but not NB3, were

K%Iglgﬁ%\tbéijeéi%rysgg??%ogméﬁﬁ%%lbggu§%6ﬁ8}{\@t%e‘él H?g{ NgR
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rat cerebral cortexes were |ys raction
arsucrBd e aaE LoPytiadi Bat C&’é@éif%ﬁirﬂ@ £4:aR5 1514, and P30 age

e@fcaﬁisl Shﬁﬂ sﬂfoﬂzﬁﬁduflr% OKE @RIt i8h @Lat ]agggl)lgR TRRalization

qrity. of 0 raft-associ ated protein F3 was
dpe% S8 i %S%&Fiﬂgﬁhvgéffaﬁ%ﬂ §FPmCH§epFOPﬁr?q?eteldy§%$%A at
welse \partnadid yrafieandelien pbha;Smflnagt tigdt, Nogoggesdy M lgtéﬂ’h’ﬁt with
% £§C:yé t%gfeotlhegraEEQ neurt'gnnal raft'Zch axon ge.l.:l.al

and emajorl yo goAvvas
f‘Fl%W;atHnéns 8 20 12 that are enriched in
cyt oskel et on-associ ated proteins, although a m nor
portion was present in fractions 5-7 (Fig. 3Bc).

sﬁ‘?ﬁﬂ'é‘r 1PE§{ﬁctt§ W PeEREP IR C6§Pﬁ/gF3c €P@B+%ﬁ cort ex
| ysareshef pahebla Plbardoadd NoGhot, shewlvend@Senvestigated

Qﬁ 'ﬁé%tbg£§53§2§02§£n;i components, such as Caspr, F3, and NB3
(an F3—related molecule) (Lee et al, 2000), are Nogo-A binding
partners. Nogo-A, Caspr, F3, and NB3 were immunoprecipitated from
membrane extracts of adult rat brain. Western blot analysis of
the immunoprecipitates resolved on SDS-PAGE revealed that Nogo-A,
Caspr, and F3, but not NB3, were present in the immunocomplexes
pulled down by either Nogo-A or Caspr antibodies (Fig. 3Ba).
Immunoprecipitation (IP) studies were also performed on Caspr/F3-
, F3-, and wild type CHO cells transiently transfected with a

Nogo-A expression construct. Transfection was performed using

Caspr/F3 expressing cells because F3 is required for proper cell
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that the majority of Nogo-A is not present in the
neuronal rafts 25 in vivo, and provides indirect
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derived fromthe oligodendroglial nenbrane. Nogo-A
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ih v.7.v provides J.ndi(v:lélcg'support for the notion that

paranodal Nogo-A is derived from the oligodendroglial membrane.

Nogo—-A interacts directly in trans with Caspr via the
extracellular Nogo-66 loop

The extracellular domain of Nogo-A consists of a 66 amino acid
loop between its two transmembrane domains, known as the Nogo-66
domain (Fournier et al, 2001). Any interaction in trans between
Nogo-A and Caspr should involve the Nogo-66 domain. The inventor
next investigated whether the Nogo-~A and Caspr associlate directly

in a trans-manner that is independent of F3 using a cell adhesion
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treatment with PI-PLC. This lack of effect of PI-PLC
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previous work (Faivre-Sarrailh et al, 2000), Western blot (Fig.

40) and immunostaining (not shown) using F3 antibodies
demonstrated that a significant amount of F3 was indeed removed
from Caspr/F3-CHO cells after treatment with PI-PLC. This lack of
effect of PI-PLC on the cell adherence to Nogo-66 substrates
suggests that F3 is not directly involved in the trans-

interaction between Nogo-66 and Caspr.

The Nogo-A/Caspr complex interacts with K' channels

During myelination, the proper segregation of K' channels to
juxtaparanodes requires an intact paranodal axoglial junction
(Vabnick and Shrager, 1998). This structure is formed and

maintained by axonal molecules such as Caspr and F3, as well as
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menbrane extracts were subjected to a GST pul | -down
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respectively. Wld type and F3- expressing CHO cells
di d not express Caspr (Fig. 5Ba). Western bl ot

anal ysis showed that both Kvl.1 and Caspr could only
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GST-Nogo-66 fusion proteins, respectively. Wild type and F3-
expressing CHO cells did not express Caspr (Fig. 5Ba). Western
blot analysis showed that both Kvl.l and Caspr could only be
precipitated by GST~Nogo-66, but not GST, from the Caspr/F3-
expressing, but not F3-expressing and wild type CHO cells (Fig.
5Bb) . These results demonstrate that Nogo-66 could interact

indirectly, at least in vitro, with K" channels via Caspr.

Nogo-A and Caspr share a similar spatial and temporal

relationship to Kvl.1l along myelinated axons
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obvi ous clustering towards the paranodes. From P5-Pl14
(Fig. 6B, j-1), there were varying degree of overlap
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Nogo-A and Kvl.l immunostaining at both parancdal and
juxtaparanodal regions. At P30 (Fig. 6B, m-o), the Kvl.1l
congregates were exclusively localized to juxtaparanodes, akin to

the situation in adult animals.

Co-localization of the Nogo-A/Kvl.l and Caspr/Kvl.l was
quantified by measuring the lengths of Nogo-A and Kvl.1l labeled
regions on captured images (Fig.6Ca). The average length of a
Nogo-A labeled region was about 9 pm at P5, 5 pm at P7, but this
shortened to about 2 pum from P14 to adult, suggesting that Nogo-A

is progressively congregated into narrower bands during the early
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abnormal [ ocalization of K+ channels along its axons
(Rasband and Trimrer, 2001a). To investigate the
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of K+channel |ocalization in nyelinated axons, the

di stribution of Nogo-A, Caspr, and Kvl.|l was exam ned
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Trimmer, 200la). To investigate the roles of glia-related
molecules in the regulation of K' channel localization in
myelinated axons, the distribution of Nogo-A, Caspr, and Kvl.l
was examined in both EAE rats and Shiverer mice. Double ‘
immunofluorescence staining demonstrated that both disorganized
Caspr (green) and Kvl.l (red) labelings were still detectable in
the paranodal region of EAE rat (Fig. 7A), compared to normal rat
(Fig. 7B) brainstem. In contrast to the location of paranodal
Nogo~A (green) and juxtaparanodal Kvl.l (red) in the spinal cord
sections of normal mice (Fig. 7C), Nogo-A staining was diffused
along the axons and its congregates were hardly detectable in the

paranodal region of Shiverer mice (Fig. 7D-G). Nogo-A
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ol i godendroglia and CNS nyelin has already been

descri bed (Huber et al, 2002; Liu et al, 2002; Wang
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st of E}‘P.i‘-foﬁhiﬁhﬁ Anjvengion
par anodal gli aI corrponent (Fl g. 8).

Nogo-A, but not the Nogo-66 receptor, is a hallmark of the
paranode

The location of Nogo-A in oligodendroglia and CNS myelin has
already been described (Huber et al, 2002; Liu et al, 2002; Wang
et al, 2002). Specifically, Nogo-A has been localized to
oligodendrocyte cell bodies and processes and to the innermost
loop and outer loop of the myelin sheath (Huber et al, 2002). In
the developing cerebellum, the time course of appearance of Nogo-
A mRNA and protein parallel the time frame for myelination,
occurring in a period just prior to the expression of myelin
basic protein. These observations suggest a role for Nogo-A

during myelination.
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20 The staining pattern and oligodendroglial origin of
paranodal Nogo-A raised the question as to whether it
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far, the only known high affinity neuronal receptor
for Nogo-A is the Nogo-66 receptor 25 (NgR). Previous
wor Kk has shown that NgR expression in neurons and

al ong nyelinated axons is predom nantly found in adult
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t hexefonheaparititt paé eaxdmanhm&rmrahecﬁﬁf&aéedlﬂ%ult CNS. This

|nterat i th ecul e other th R for a

fORCt %n g%’%% iNg)gf) %rjoﬁnal ﬁhﬁfﬁdla&nc%?p Ghal "o d e fiygther
Sceafiamedaby Nogoobsesvarighs aln Iskgand @htEaspfiodl bhfnal
pﬁé@é‘h.%de§n g%r@hcg%q%r ﬁ_g?oa)&ogown FS/ Ont aCt I n eXI St

a COfT'p ex wmt ane a&sﬁr tfhgorlgregates
C%é?)rsllpglémté% rewmetspmamhdwws EAE animals. Nogo-A
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of . axoglial nolecul ar connection at the parano
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v no I\@ anot her %ar anodal nolecule, in
gg%aeﬁ Ssé%nss Supﬁpfl cAt RG-HH “PAE P PonS HetRRgaRCdal glial
NerferoAeand ! ltﬂhxa 8onpl ex in vivo. The observation that
the majority of CNS Nogo-A is not co-localized 15 with
the conplex in neuronal lipid r rafts inplies that this
i Atersdet o mesbabr yAsc e godendaogkians omagirerof whtdnodal

NWA t50d8q tdhe QhedmBRr AN6J RLERAGT 1RY; W AN CasprF3

om t he axonal nenbrane. Although it renmains a

p%%gquFPF?YX}ﬁQF %&Qﬂﬁ% SNE&ﬁf?A ﬁg far, the only known high

affinity neuronal receptor for Nogo-A is the Nogo-66 receptor
(NgR) . Previous work has shown that NgR expression in neurons and
along myelinated axons is predominantly found in adult animals
and that its expression during myelination is minimal (Fournier
et al, 2001; Hunt et al, 2002; Wang et al, 2002). The inventor's
results are consistent with these findings, in that they show
that NgR is located in the brainstem on neuronal cell bodies and
uniformly distributed along myelinated axons from the early
stages of development until adulthood. It is intriguing that
there is significant Nogo-A clustering at paranodes, while the
NgR distribution pattern remained diffuse along axons. As the

congregation of Nogo-A coincides with the developmental period of
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a cis-binding partner of Caspr/F3 conplex, and is
dependent upon 20 nyelination for congregation, this
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predom nantly expressed by O.s in the CNS (Huber et
al, 2002: Liu et al, 2002; Wang et al, 2002). To
support the notion, the inventor has further shown
that Caspr/F3- expressing CHO cells bind to both

substimates, coat g9-.66 epti des_and
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via Caspr, associates in y Wi th
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ofne Bogoerh:aRd Hlorhorasy Walth @sdilrrbhosg, thoCasplL and
Kv| %lltg simlar, inplying that the iInteraction
K

SErhERRS U NogEraiRCAsPYSTSPIEX BEGupsonal Nogo-a is
leeadts- beransugephtmem/ﬁencd@wfﬁ\/éa@g@x, caloaal hzgshdaht hupon

d | f
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netyee axenal oodb. Qgﬂaéi‘%langoé % %oé %1a' 9065‘) the

co-ordi nated | ocalization of
jWRPapardodes ¢ F §.h_esar}vqnﬁvésftaSgéprbqueaofs%gotuat( Orspr/F3-
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peptides and GST-Nogo-66, where the binding must occur in a trans
manner. That binding occurs even after removal of F3 from the

cells via PI-PLC treatment further implies that Nogo-A interacts
directly with Caspr (Fig. 8).

Nogo-A may complement Caspr in regulating Kvl.l location

There is strong evidence suggesting that K' channel accumulation
at the juxtaparanode is influenced by myelinating OLs (Vabnick
and Shrager, 1998). Shaker-type K' channels are multi-protein
complexes composed of Kvl.l, Kvl.2 and KvP2 subunits (Rasband and

Trimmer, 2001b). In the myelinated axons of the CNS, K' channel
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or knockout animals in vivo, possibly using CL
specific 20 pronoters, may help to further reveal the
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inventor's quantitative anal yses, the distances of
the gap within paired K+ channel clusters were _
significantly reduced. This occurs in conjunction with
a significant reduction in Nogo-A clusters in both EAE
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fﬁdﬁf’ Wqé&@ This occurs in conjunction with a

51gn1flcant reduction in Nogo-A clusters in both EAE rats and
Shiverer demyelinated axons compared to normal myelinated axons.
These observations imply that K' channels co-localize with Caspr
again in the pathological conditions, although it would be
interesting to explore whether this transient interaction also
occurs during remyelination.

A point that also warrants further investigation is the
structural and functional nature of the interaction between Nogo-
A, Caspr, and the K' channels. It should be noted that the
localization of Caspr family members demarcate distinct domains
in myelinated axons. Caspr2, which is about 45% identical to

Caspr, is localized to the juxtaparanodes of adult myelinated
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interactions are likely to involve the intracellul ar
domai ns of Nogo-A, and not the Nogo-66 extracellul ar

WO owp/052889 ch is the 20 Nogo- A domai n nost | i keP@gT/GB2003/005329

10

15

20

25

30

35

function as an intercellular signaling |igand. The

inventor's results indicate that the oligodendrocyte
surface Nogo-66 | oop binds directly to axonal surface
Caspr, thus inplying a previously unsuspected function
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the first NgR-independent Nogo-66 interaction
described to date, and has significant inplications
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E%urfaceleaspr, thus implying a previously unsuspected function of
Nogo-A at the axoglial junction. This interaction does not appear
to involve NgR. In fact, it is unclear if any permanently
recurring interaction between adult oligodendroglial Nogo-A and
axonal NgR is required under normal physiological conditions. The
inventors believe that the Nogo-A/Caspr interaction may in some
manner shape and maintain the architecture of the axoglial
junctions during and after myelination (Fig.8). More

specifically, this interaction may have a role in organizing the

location of other molecules at specific junction domains.

In summary, the inventor has shown that oligodendrocyte Nogo-A is

clustered at specific axoglial junctions, where it interacts
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20 To raise polyclonal antibodi es agai nst Caspr, a
230bp fragnent encoding the cytoplasm c region (am no

W@eiod9528808- 1377) of human Caspr (Ei nheber etPEil/GB2003/005329
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1997) was anplified from human brain cDNA using

prinmers 5' - AGTCGGATCCACAAAATC ATCGA CTAT/ CA/ CAGGG 3
(forward) and 5' - ACTCGAATTCAGACCTGGACT

CCTCCTCCAA/ GGATCTGG 3' 25 (reverse) with an added
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| g ;ggrum obtained fromthe rabbrts was confirTmed
for—Ttsabi | | ty to 43 WD 2004/ 052389 PCT/ GB2003/ 005329
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adkyok- s Hougopr eci pi tati on experinents. Muse nonocl onal

anti bodi es against Kvl.|l a-subunit (K20/78) and 5 Na+
%Iﬁ’é’ﬂyfm 35Rtiay pur s ¥dodriomapstati®usly described
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putchagets PEh¥iSc 610 THRE B n deloAal SR TMARX wash a
puinchaseond FE{}MShsgﬂ’Hi.asIheGﬁyZfQQﬁrU%to@erg%t aAMd -acids

| a 3-cC te anti - nouse secondary
a%}t)?étggl h%'a\%/er %rgc‘ﬁ%\o f?o?ﬁ%réf‘%‘ﬁa?ﬁ Pﬁé?lﬁ% a
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Encephal on@el ftrs aJJL%SE-XP% Ta gg 5’ gs described
RS 8pRY déesr of rtéo%ll previous report (Ahn et al,

2001) In brief, Lewis rats (2 nonths old, female)

O(:(;_,aved ag ghlgctl on. of 0.5ml/rat of fresh rat

spi na RO Y RREEPEEN) 2PN oipPRE e aFPa0bRl fragment
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(forward) and 5'-ACTCGAATTCAGACCTGGACT CCTCCTCCRA/GGATCTGG-3"

(reverse) with an added BamHl or EcoRI site, respectively. The
amplified fragment was digested with BamHl and EcoRI and
subcloned in-frame into pGEX-3C, and the sequence of the final
construct was verified by DNA sequencing. The plasmid was
transformed into E. coli BL21, and upon induction a Caspr-GST
fusion protein of the expected size was recovered from bacterial
lysates using glutathione-agarose beads. Caspr-GST was eluted
from the beads using reduced glutathione, concentrated by
lyophilization, and used to immunize rabbits. The immune serum

obtained from the rabbits was confirmed for its ability to
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determ ne di sease progression. At 13 days
post-injection (dpi) - 14 dpi, animals at the peak
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25 | mmunohi st ochem stry and i nmunoel ectron m croscopy
Wstar rats at different postnatal ages (Pl1, P5, P7,
P14, P30, P60 and adults), CGI-'" (P16 and P21,
Coetzee et al, 1996) and Shiverer (adults; Jackson

Labesatioei es)ciibae MRl BELSUSEd Wit hond
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Nogo- A and Kvl .1, or Caspr/Kvl.1l at paranodes at

didd 4,808 postnatal days was counted. In brainstem
sections of normal and EAE rats, wld-type and

sHis érxepriandal dhstodneese Ebv@temle@lpnp/anlueds KMHAE] model in rats
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Immunohistochemistry and immunoelectron microscopy
Wistar rats at different postnatal ages (Pl, P5, P7, P14, P30,
P60 and adults), cCeT™/" (P16 and P21; Coetzee et al, 1996) and
Shiverer (adults; Jackson Laboratories) mice were perfused with:
4% paraformaldehyde. The spinal cords and brainstems were removed
and post-fixed in 4% paraformaldehyde for 2 hr, and sequentially
incubated in 15% and 30% sucrose. Cryostat sections (10 pm) were
double-labeled with polyclonal antibodies to Nogo—-A (1:200) or
Caspr (1:200) in conjunction with a monoclonal Kvl.l a—-subunit
(1:200) or Na* channel (1:100) antibodies respectively, or with

polyclonal NgR antibodies in conjunction with a monoclonal MAP2
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grids were incubated for 1 h with goat anti-rabbit 1gG
conjugated to 10 nmgold (1:20, Aurion) and fixed

wWowaoh/ 023890 aqueous gl ut aral dehyde for 15 mi n.PE&f/GBR003/005329

doubl e staining with uranyl acetate and |lead citrate,
the grids were exam ned under a Philips 25 208
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Fﬁatﬁ@ti&ﬁﬂ»‘%ﬁ@iﬁ@é@'vﬁe@y o0 (i LB) o &XREN h&%ﬁépa@%@& r’broup T-
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pti’ “Virousl y (Lei et al, 2002). Briefly, brain tissue
was hoanenlzed in ice-cold hoanenizing buffer (320
S 0se mM Tris- HC1 i
%%@%ﬁﬁn SUppT Eivedt e%iarﬂllﬁ]teﬁ ig)mbra&%‘és“élﬁtﬁﬁl B?*f%rand ceT™
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adNeg0e ArRXPELS Sd iR aCONSEHUGE 144 W€ examined under a Philips

208 electron microscope.

Western blot and co-immunoprecipitation assays

From adult, postnatal day 1 (P1l) to 30 (P30) Wistar rats, various
regions of the CNS (total brain, brainstem, hippocampus, cerebral
cortex and spinal cord), spinal cords from EAE and control rats,
were harvested and extracted in phosphate-buffered saline
containing 1% Triton X-100 and a cocktail of protease inhibitors.
Lysates were electrophoresed on SDS-PAGE gel and blotted onto
nitrocellulose membranes (Hybond C-extra, Amersham). Identical

blots were probed with antibodies against Nogo-A, Caspr, Nogo-66
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manmal i an expressi on vector pC neo (Pronmega) was
transiently transfected into Caspr/F3-expressi ng CHO

W@ FmuwsBsBarrai h et al, 2000), F3-expressing BEHOGB2003/005329
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(Gennarini et al, 1991) or wild type CHO cells for

co-1 P studies. 25 Cell adhesion assay and Pl -PLC
treatment The Nogo- 66 peptide

( KLSDVLDDVLFLRRLEKI TCNVHGLASNSYKQ\/LEES
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| Brom ind deddediahnosphaiesarie dLshes el Setdiefted on 83
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h

cPP bt &F Patw beiRP dEFrade B (“Si By oted BBtk
r esmicitsale A - psqmedf fer praebej Nabb-bj ndiing, sk¥es2, ¥3, or NB3.
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2000), F3-expressing CHO Gennarlnl et al, 1991) or wild type CHO

cells for co-IP studies.

Cell adhesion assay and PI-PLC treatment

The Nogo-66 peptide (KLSDVLDDVLFLRRLEKITCNVHGLASNSYKQVLEES
IAVESELYARFPHGEDSKQTIAQIVGKYIR) was purchased from Loke
Diagnostics ApS (Denmark). To generate recombinant proteins of
Nogo-66-GST and Nogo-N-terminal-GST (Nogo-N-GST), the encoding
sequences for Nogo-66 and Nogo-N- terminus were amplified from
human brain cDNA clone HK07722 (Nogo-A) using the primer sets
below:

5" -CTGAATTCTTAGGATATACAAGGGTGT-3’ (forward)

5’ ~GCTAAGCTTTCACTTCAGAGAATCAACTA-3’ (reverse) for Nogo-66-GST
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fixed by flooding with PBS containing 2.5%
gl ut aral dehyde. Cells 20 adhering to the various spots
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performed at least three tinmes. Statistical analysis
was carried out by Student-t test. The |evel of
significance was chosen at p < 0.05. 25 Were

i ndi cated, Caspr/F3-transfected CHO cells were treated
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significance was chosen at p < 0.05.

Where indicated, Caspr/F3-transfected CHO cells were treated with
PI-PLC (0.02, 0.04 or 0.06 U/ml) (Sigma), incubated for 2 hours
and then plated into the dishes foilowing the same procedures as
described above. PI-PLC treated cells were subjected to Western
blot analysis and immunochemistry for F3/Contactin as described

above.
GST pull-down assay

The bead-bound GST, GST~Nogo-66 and GST-Nogo-N (20 ng) were mixed

respectively with 1.5 ml of membrane extracts of adult brain or
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fraction were anal yzed by SDS- PAGE fol | owed by Western
blot. Detergent insoluble floating nmaterials were

wore@tlog23secovered in fraction 5. 25 SECOND ASREXCGBEN3/005329
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THE | NVENTI ON Background Information to the Second
Aspect of the Invention Melination is a conplex
mul tistep process where the underlying nolecular
mechani smremains far from being conpl etely defined.
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SECOND ASPECT OF THE INVENTION

Background Information to the Second Aspect of the Invention

Myelination is a complex multistep process where the underlying
molecular mechanism remains far from being completely defined.
However, it is believed that the interaction between axons and
myelin competent cells at the paranode play an important role in
the insulation of axonal segments in spiral wraps of myelin. This
axo-glial contact has been likened to invertebrate septate
junctions and has been proposed to serve as an anchor point

between axons and myelin loops, to act as a partial diffusion
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(Sakurai et al, 1997) and in cis with RPTPa (Zeng et
al, 1999) to transduce extracellular signals to

worp@kiosessd on-rel ated Fyn ki nase (Unenori et aPCT/G820HB/005329
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Additionally, F3 co-localizes and interacts in cis

with Caspr/Paranodin and in trans with glial 25

neur of ascin 155 at the paranode (Grault and Pel es,

2002), a key site of axoglial contact for
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neurofascin 155 at the paranode (Girault and Peles, 2002), a key
site of axoglial contact for myelination. F3 null mice exhibit
partially disrupted paranodal structure and die by P18 (Berglund
et al, 1999), suggesting that F3 may be critical for development.

F3-associated protein (Caspr), also known as paranodin, is an
additional axonal component of the paranode (Einheber et al,
1997; Menegoz et al, 1997). Rios et al (2000) further showed that
F3 and Caspr co-localize and interact in a cis fashion at the

paranode during myelination. In adult sciatic and optic nerves,
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Tani gaki et al, 2001). Conditional ablation of Notchl
in OPCs results in the appearance of ectopic

w@e@amsaise OLs and subsequent 25 apoptosis ( CePOUGB2G03/005329

10

15

20

25

30

35

al, 2002) and the failure of efficient renyelination
is partly attributed to the activation of OPC Notch
receptor by astrocyte-expressed Jaggedl in nultiple
sclerosis (John et al, 2002) indicating that OPC
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via DIX1 20 represses signal i'ng
regaraki mf el d? $3%er-eRendittiional ablatlon of Notchl in OPCs

results in the appearance of ectopic premature OLs and subsequent
apoptosis (Genoud et al, 2002) and the failure of efficient
remyelination is partly attributed to the activation of OPC Notch
receptor by astrocyte-expressed Jaggedl in multiple sclerosis
{(John et al, 2002) indicating that OPC differentiation could be
disordered when Notchl is absent or inadequately activated by
Jaggedl. Thus, other pathways via Notchl, besides the inhibitory
Jaggedl/Notchl signalling pathway, may instructively mediate OPC
differentiation into OLs. However, the molecular mechanisms
controlling the timing of OPC differentiation to OLs and the
subsequent OL maturation remain poorly defined. Given that

Jaggedl is downregulated significantly before the maturation of
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and cooperates with Wngl ess signaling (Brennan and
Gardner, 2002; Martinez Arias et al, 2002). Although

W@ ewensd3sst udies inply the existence of an  PCT/GB2003/005329
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extracellular ligand that activates Notch/DTX1l
signaling, the putative |igand has not yet been 25
identified. Notch has been shown to regulate gli al
differentiation (V\ﬂng et al, 1998; Gaiano et al,
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identified.

Notch has been shown to regulate glial differentiation (Wang et
al, 1998; Gaiano et al, 2000; Morrison et al, 2000). Of
significance to the inventor was that the Notch extracellular
portion contains, as does tenascin-R, multiple EGF-like repeats
which are sites of potential ligand-receptor interactions (Rebay
et al, 1991). It thus becomes conceivable to the inventor that
glia-derived Notch could be a binding partner of axonal F3 and
NB-3. In the rat optic nerve, Wang et al(1998) demonstrate

Jaggedl expression on retinal ganglion cell axons. Jaggedl

51



Deltexl to co-ordinate events during nyelination.
Thus, the inventor has identified a new paranodal
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| ocat ed at paranodes which 25 involve F3/NB-3

signalling to Notch on the surface of

ol i godendroglia. In a co-culture system between OLN 93
cells and F3-transfected CHO cells, oli godendr ogli al
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aghesior heats @nﬂamwe@hgamv@ﬁ%@y%m@keg&éds £80E €sucn
to bind to Notchl and Notch2. Furthernore t

i AFBPHCHTOR THARdEsSIYHG ¢avisrdtphet b cal ebﬁ%ﬂﬁéliﬂ‘ﬁ of the
ohbgedendnoryter ekl pdianeded N293abtaicchndeme] aps thentor
eHggeﬁ&ggpg?égﬁ%%geggggh% gp Egs %k ug%e gtgg%op signal
a§sncqlatg@degdimrbeopleicre)s,se€Nﬁasehéﬂ NE&B— my§|}i>60:tlc1pate in
nugl egtiide Jhgsphadi s These

resul tslgguég%%t thgt F3 nﬁgégﬁytaep%glf%%ogl %g i gand of

Not ch receptor and the signaling plays an 10 inportant

I lufind Ay Qli £10516A6AE VD BBE & alhkOBnvetiSndet er m nat i on
shows that F3 and NB-3 1 ntéraction with Notch %

ah'f MFSPERRt M FERECF R £GBdEHdrdETE & Mgt aRart &ﬁlatl oth F3
Thed iNprenboe drasibusdien dejeras pediidal i FSadidvgesal Notch

Intr rane cl eav e at th S3., S|t and t
'\%i%t ch-i n%gunéelgg l}%re 97 ation’ fsa Sha8 ]gndléanag?way via
HESt exrid te nyetarsls nDed teeiﬁnii_s C(®'EXQL)myemi)@tusna known
cytopl asm ¢ downstream el enent of the Notch signaling
pat hway. It has previously been shown that Notch 20
sty .tﬁla VIETSPR1N¢ 2 gdessEEleNR BeGRAltRRAgR L aoparhimy NB-3
t had sHoegul aias sebp godends 0£x e cditder-@NbhAIdRMRs which

|_I:?nvolve ngﬁg 1gnéﬁllng to Notch on the surface of

oligodendroglia. In a co-culture system between OLN-93 cells and
F3-transfected CHO cells, oligodendroglial cellular processes
terminate and spread over the F3-transfected cell bodies but
bypass control CHO cells. Cell adhesion, co-immunoprecipitation
and GST pull-down assays confirm that F3/NB-3 and Notch associate
as a complex. MAG becomes upregulated when OLN-93 cells and F3-
transfected CHO cells are co-cultured and when OLN-93 cells and
primary oligodendrocytes contact F3 and NB-3 protein substrates,
These results describe a novel and functionally significant

signalling interaction between F3/NB-3 and Notch that is involved
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studi es have not identified the extracellular |igand
that activates Notch/DTX1 signaling. 25 Here the
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j uxt aparanodes and interno

recogni ti on nol ecul e devel opnentally clustering at the
CNS paranodes and identify NB-3 as a functiona

i gand of Notchl. The NB-3/Notch signalling pathway
pronotes OPC differentiation and OL nmturation via
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t het PrésanYoi iV ERET ot Prdiidtes a nethod of stinul ating

Here the inventor reports that NB-3 is a neuron-derived cell
recognition molecule developmentally clustering at the CNS
paranodes and identify NB-3 as a functional ligand of Notchl. The
NB-3/Notch signalling pathway promotes OPC differentiation and OL
maturation via Deltexl. Moreover, Jaggedl is localized to
juxtaparanodes and internodes. Thus a spatial signal switch
mechanism from Jaggedl/Notchl to NB~3/Notchl may exist along the

axon, which coordinates oligodendroglial maturation.

Neurons and glia in the vertebrate CNS arise in temporally

distinct, albeit overlapping phases. Neurons are generated first,
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differentiation of an ol i godendrocyte or precursor
thereof, conprising contacting said oligodendrocyte
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25 The present invention further provides a nethod of
stinmulating nyelination of a neuron, specifically a
neural axon, conprising contacting an

ol i godendrocyte, a precursor thereof, or a neuron,
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(F3/Contactin is a

Thus the present invention provides a method of stimulating
differentiation of an oligodendrocyte or precursor thereof,
comprising contacting said oligodendrocyte or precursor with F3,

NB-3, or a mimetic of either.

The present invention further provides a method of stimulating
myelination of a neuron, specifically a neural axon, comprising
contacting an oligodendrocyte, a precursor thereof, or a neuron,

with F3, NB-3, or a mimetic of either.

In either of the methods described above, the oligodendrocyte,
precursor, or neuron as appropriate, is preferably contacted with
both F3 and NB-3, or mimetics thereof. F3 and NB-3 may be

present as a complex.
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notch ligand. Cell, Vol 115, 163-175). 25 The net hods
may be perforned in vitro or ex vivo. The nethods are
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differentiated oligodendrocytes which may be used for
therapeutic purposes. Thus, after said contacting
step, the OPC or NSC nay be introduced or inplanted
into a subject having disease of, or 30 injury to, the
central nervous system for exanple, any condition
charact erised by denyelination of neurons, such as
nOFRT§I% Onsf S1Y5<i8 Ravringpidushsys MG okdlhrtyrsphhly be

captedulltiey {SGhid oFQ)dd@Wh A Jrat LU0, 05 response to
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nyel i nated neurons. 55 WO 2004/ 0523&9 btain th
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cOni &P P 5feCR @f cérer Pétgodmdroeiposi biomusay thereof.

compr bsedans arpbexi brlavesn: ki cang. NB %igﬂ’élﬁngm DB i) tex-

thereof. 10 I'n certain enbodi ments, the conposition 1S

a pharmaceutical conposition, and so conprises a
pharmaceutically accceptable carrier. Preferably

. ' ositions are fornulLated for_.
P%ﬁ???gﬁéé.“ﬁ&{%cgggp%ﬁ USETT MNoPe Pr efdFatRitrartal
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comnpasi,t i asggescrineghahgv L, & TBL0
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igbibhecPr £RALRL I PN Qs g7, Sauvageot, C.M. and Stiles, C.D.,
2002 (Molecular mechanism controlling cortical gliogenesis. Curr.
Opin. Neurobiol.l2, 244-249); Xiao et al, 2003 (F3/Contactin is a

notch ligand. Cell, Vol 115, 163-175).

The methods may be performed in vitro or ex vivo. The methods
are particularly applicable to the generation of differentiated
oligodendrocytes which may be used for therapeutic purposes.
Thus, after said contacting step, the OPC or NSC may be
introduced or implanted into a subject having disease of, or
injury to, the central nervous system; for example, any condition
characterised by demyelination of neurons, such as multiple
sclerosis (MS), epilepsy, stroke and spinal cord injury (SCI).
Following introduction or implantation, these treated cells may

continue to differentiate and provide myelination for de-

myelinated neurons.
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25 a nedicanent for the treatnent of injury or disease
to the CNS. They may be fornul ated individually or
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neverthel ess be adm ni stered together. Thus there is

al so provided the use of F3 in the preparation of a 30

medi canent for the treatnent of injury or disease to

the CNS, wherein the nedicanent is for adm nistration

in conbination with NB-3 or a mnetic thereof.

Li kew se, there is provided the use of NB-3 in the
pF*ép‘“aarYaPFoﬁe%lrrabés & rddipéangt of byoddndrprpe mertuofor cells

i Iﬂj:(otﬁ yeher sdhaRaseot thdhentNS re 56 N@a%&%é@
(%BZO 3/ 005329O wher ei n three medi canent g% after

ﬁ?ahl“befl ation in conmbination with F3 or a m netic
thereof. The invention further provides a nethod of

S ' |nat|ono a neuron, specifically a
et A b KR e ch DT & RBLF e A S and

oNngdemdm@gelnlals ‘c}ed:ﬂecw,t In acompangiosint wobhas desget bedne
eaidis 189 v eOLbONLT WY LOGH Br ul s, 2o ELIA Ol or

treating a subject i Sease o injary

t BinqHe Eomigodl- nervous system conprising

adm nistering to the subject a pharmaceuti cal

conposition as described herein, As wll be clear from
t e Cfe&ft%b%.?%Odﬁﬂ%n‘“s%bjt%tcwmow*fw} d§l pyPhamaggyeical

Cmotsllonom'hama(:ﬁ@rdca@dlbys @@M@Jﬂh&l’tﬁ\eﬁt@BalﬁH(ﬁ&c@t‘Sp%l’e
'\@arrlg lggma ¥ent i on further
provi des a met ﬁo]a FHSETREn oToROSE bt hiice Formulated

chpabingeofiamduol aivang appr efidiabbye prrefetang) 2@ direct

| RIacth o et neesnyNot ch and F3 and/or NB-3, the
method conprising contacting F3 and/or NB-3, Notch

and a candi date substance, and determ ning the

IMISEH @@b#iﬁécb@t:&\/e&ﬁnﬂxgﬁﬁhozﬂan@sF§es@rl@/e9rakNafes fogsu TJ]q.n a
rther conprise contacting Notch and

fu
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umd:ezrldedh‘emmuse 1Ianﬂnleogﬁéléstn@alﬁdbf|10i’j$1,ryaﬂ€i, det afLéTédeent,
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bdtakeegerised by demyellnatlon of neurons, such as SCI, MS,

epilepsy or stroke.

Also provided is the use of F3 and/or NB-3 in the preparation of
a medicament for the treatment of injury or disease to the CNS.
They may be formulated individually or separately. Separately

formulated NB-3 and F3 may nevertheless be administered together.

Thus there is also provided the use of F3 in the preparation of a
medicament for the treatment of injury or disease to the CNS3,
wherein the medicament is for administration in combination with

NB-3 or a mimetic thereof.

Likewise, there is provided the use of NB-3 in the preparation of

a medicament for the treatment of injury or disease to the CNS,
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Not ch and F3 and/or NB-3 with the candi date substance.
The conplex is preferably fornmed before it is

w@eontas3ed with the candi date substance. 57 V¥ZLT/GB2003/005329
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2004/ 052389 PCT/ GB2003/ 005329 The net hod may be
performed by any appropriate nethod. The skilled

person will be well aware of many suitabl e assay
formats, and will be capable of designing further
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to fornmulation. 30 In specific enbodi nents, the

pFles émveh hientiuenhé r;ﬁ:tohryd@sr cav mdeSod o et hesh f@r for a

COnANGLRg UELhBALE A Rld NELYE SR COMBIASRT

adm ni ster h°act Hged
l\b%"eelﬂraCFé%me@weesalﬂ@c@can@aﬂa rgd ageMB-Gonprd sienyod3,

NBorbri@hing d¥d¥kkEng F3 and/or NB- -3, Notch and a candidate

substance, and determining the interaction between Notch and F3

and/or NB-3.

The method may further comprise contacting Notch and F3 and/or
NB-3 in the absence of the candidate substance under otherwise
analogous conditions, and determining the interaction between

Notch and F3 and/or NB-3.

Preferably the method comprises contacting a complex between
Notch and F3 and/or NB-3 with the candidate substance. The
complex is preferably formed before it is contacted with the

candidate substance.
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pharmaceutical conposition 5 conprising an activating
agent of a Notch receptor, said activating agent
conprising F3, NB-3, or a mnetic thereof. Also
provided is a nethod of screening for substances

el & mdPedl 8L AGo r opri o e
C:ap%qugd aﬂpl\lot cﬁ r%%ete?g?l} %tn? QI%M %I}I g% eegll %g %’

r PREFRTEEL & ]?%é’reééfawaé@nﬁ:flf@ﬁfh’g sgbhtldet prgan formats,

sabstvdncebavi ddpabhe ¢f gRedg@nG thecka8CeRbRbics.
determining the interaction between the |igand and the

receptor and conparing this with the interaction
betyweenal heofr é@ept oF3 amnd Ndigpandy ww@rreégﬂ@%rrgbbe on, a
C It s nce of sai.d 15 substance.
Tﬁgghetﬁgg JBHE rggﬁﬂg?%co %Iggggero uCFﬁ%r%fsed may be
pPRtIsgEeut |té>althec@¢ﬁﬂoglnt qwzmsteent a@mlmgmsal Itk substance. a

20 &Ryl §ngf@iutc%[‘jn11%d Qggeégrlocyh?e Ipﬁ:olﬂ% J?serp%legera&)ly
refer to oligodendroglial cells capable of [faying
dOWHT S5y el (FPgheatiRceapbul@ &chburonal axon in the
central nervous system (CNS). 25 The term

dend Qcyte ecursor_cell is used to refer to
ﬁlk%%lona{ abl’é oﬂecﬁrﬁ‘afté?[%]rﬁl APY n%F iritto®* NB-3, F3 and Notch
orha}g@éenmcrmwlesdown aadoini sppbiton oﬁesw tilthemay comprise

sglag&lebtaéltgcqa@f;s and N33 ﬁ%ohr gLl s, inglude

ol i godendr ogl i al precursor cel and Bfed¥al 30
stemcells (NSC). Protein sequences The term "Not ch"

| Bn %le&@ﬂ%ﬁﬂ@@ﬁrﬁén@gl Noxehof o8, Qf 1 he, Nat %Qll 3élrface,
roC{ %bg _dncluding Notch 1, 2 and 3, as wel
S

Hgd S@m%stoﬁ?fc%?asgnqﬂwt@z@wa@%sgg
| soltatetadonaiiaspd hexeof , FUehe ascltihenexidaceh! ul am

QQﬁgbgénég%cyte or precursor thereof, the method may comprise

determination of upregulation of MAG expression.

The invention further provides a method of manufacturing a
pharmaceutical formulation comprising, having identified a
substance capable of modulating interaction between Notch and F3
and/or NB-3 by a screening method described herein, the further
step of formulating said substance with a pharmaceutically
acceptable carrier. The method may comprise the further step of
optimising said identified substance for administration in vivo

prior to formulation.

In specific embodiments, the present invention firstly provides a
method for enhancing myelination in an individual comprising
administering to said patient an activating agent of Notch
receptor, said activating agent comprising F3, NB-3, or a mimetic

thereof.
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proteins are Notch 1 and 2. Othol ogous 5 proteins
fromother mamal i an species are al so incl uded.
Preferably the Notch protein has the ability to bind
to a NB-3 and/or a F3 protein It may al so have the
abhbiddtrloq ipduce ul ati te
oxbreseion \%Fa etrggigql Q' ! :uh he tre%r%n% SLMser, s,
oIePfgoﬁeﬁﬁ’dPéc%@]@r precursor thereof 10 The term"F3"
is used to enconpass isofornms of the F3 protein, and
Eg at ed donmai ns of such proteins, as well as mutants
and® VAFPAAPS 4rer BEPVIRaR AgPlr@arertididn comnesigson
9©@¢pﬁﬂﬁﬁng9ﬁﬂbaéfﬁ%atﬂﬁﬁéa@én893§®d fentd tckPrdhe saiq
g V[gctenﬁaveenntb%loow Qrthol ogous 15 proteins from
T7ah SPRRTEE Y B3 al'8o 37 nef fd8dme Tife tbgreot.

protern preferably has the ability to bind to the
ex 0 Not ch. pro ein artlcularly
of Eg@fpglﬁk’%ggﬁ 150'%"%1{}106{ o m " NB- iB s% Ps&H° ?Barer?fo of
i ot Oratd nef t%enmerect:@@ prebzreeanna am:hndsehateediodomer&ptor,
othsUGRaprob&iMSs F3asyyey | oas, arj ants
t her eo?T havi n ﬂl;;r eat eér(&%t ha%l 85‘@;{&%%%%@%%8?/0}{ g5 prb%%}‘g
0795696 8P doTWRSIEARAR ithFPt Bhe Hégeeﬁmehglmpbekow
Cﬂét&ﬂmﬂg@ﬂ@'@ﬁﬂhﬁt@ﬁa&ﬂﬂaﬁ1E@ﬁ“ﬂén”@ﬂU@hb@Hdaﬂﬁpkﬁé AM&ptor
%&? Iude Thve protein freferabl has the

it fo t & BXGAEE PuIPEEVaREi e sfceptor and
hkﬂQﬁﬁdppoﬂewrpomparabkﬂﬂcanﬁytxﬁhs blot cih thangbsincdher said
agiha ackd sequences of Notch, F3 and NB-3 proteins
are shown below, along wth their GenBank accession
nunbers; 30 F3/Contactin gi:414791 (CAA79696) 1
n’kk[@\ﬂrrle%ﬁhh My Fbteda Bhbwdd xgbdwl%gegklgﬁagr géﬁfé%’alm

[ (peesl ?g 61 vsl ncraras pfpvykw m "ngdvdl t sdr
yEFGGRFoP™ MifpdR GRG Saf/?lc?%ﬁﬁwe 35 121 gnvrsteat|

sf gyl dpf pp eerpevrvke gkgnmvl | cdp pyhf pddl sy rw | nef pvf

18% it mdkrrfvs qtngnlyi an veasdkgnys cfvsspsitk

sviskfipli piperttkpy 241 padivvgfkd vyal nggnvt

| ecfal gnpv pdirw kvl e pnpstaei st sgavlkifni 60 WO

Zﬂ%/tgélgmd%%{lw%/ 995\%%% herein to refer to

oligodendroglial cells capable of laying down a myelin sheath

around a neuronal axon in the central nervous system (CNS).

The term oligodendrocyte precursor cell is used to refer to cells
capable of differentiating into oligodendrocytes on
administration of suitable stimuli, such as F3 and NB-3. Such

cells include oligodendroglial precursor cells (OPC) and neural

stem cells (NSC).

Protein sequences

The term “Notch” is used to encompass all isoforms of the Notch

protein, including Notch 1, 2 and 3, as well as portions and
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espel gRt bh s 'M@H ger |
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aymhagtggnﬁs sppvanst kkom Qe PRSGRAAR, ngglggsgllec also

me ne I | yrgnrgskt hil etnntsa
By e o P b i S B D pR e RS b8 10l epsbind o

fthsi 9% Widfde118bar CRbatt aifpl NotNot phbtgin, 15276980 ar1y of
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cl nggkceaa ngteacvcgg afvgprcqdp 61 npcl st pckn

agt chvvdrr gvadyacsca | gfsgplclt pldnacltnp crnggtcdll
The amino acid sequences of Notch, F3 and NB-3 proteins are shown

below, along with their GenBank accession numbers;

F3/Contactin gi:414791 (CAA79696)
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atigastisppsrbe @@mtptsgl Irphitql v SRESGSAES ab@rrdslawpp\éﬁagplptmy
adfifimeirever It qyatedrgem dcapeeyt hpay RZBAs gt APGSbPRE syassnaaer

gj;@it %jli g}%grggpﬁrwmspe plegSt g pad saplpast ¢pp-ravagploptapgthns

ps vaf ptanmpq qdgqvaqti| payhpf pasv
gkypt ppsgh syassnaaer 2401 tpshsghl qg ehpyl t pspe
spdgwssssp hsasdwsdvt tsptpggagg gqrgpgthns 2461
eopagnmglyods 15 Assay net hods As descri bed above, the
skilled person is well aware of nunerous 20 assay
formats which may be appropriate for determ ning
i 4t cleactilord bebweenhNotkhl landpdBsdh andée@rl E3aranslf numerous
|denti Eybicts SHDSE anGes. i shorpdul %e,d@c reterably
pronodte, such intera tlon B exa nteraction
betiReaAt i He bt A trayatse N@r@oﬁr@bfopaniZS ayidt fdetpyi fying
| alpelhhBgs QREcAMMIMNE LW tha 08t a a
bringing it into cont act %atlw aﬁ%f%ggkﬁﬁ%c%gkgsﬂgggﬁCtlon'
i mobilised on a solid support. Suitable detectable

I@belesam;esmeahaéi@ctﬁen bpeleiedyths RSt ANGE SnalyNBE UdBidied in

i oni.Re; Y |ch naxmg% |Qcor rated . into
reconblgé%$1l§ duced” pepti egléﬁg gﬁ”ﬁﬁﬂfpéﬁ??hé@é
Alniegihag wtellyt@ h@rvd;@npl ekt enpetkromhitie tsal bden Sijtmbbl’illsed
MY abgo fet eGhbed- by Isabfééglenge%éézb%@ Mevi\l% s gééle gy for

agalnst an epltope prese on a protein
iHoBY i SR tapret Hecsbie d SweEbEeninef whick wiavabk e

anicbbpelya tics axed |@Qbﬁbl:@\antﬂ90§’f@d&@8tﬂ>é§>ﬂr¢@g ugesd

eptide or polypeptide may be expresse
poBypeptlJésp A%% rnat?vel the co plex formed on the solid

support may be detected by labelling with an antibody directed
against an epitope present on a protein which is not immobilised
on the solid support. If no suitable antibody is available, a
recombinantly-produced peptide or polypeptide may be expressed as
a fusion protein containing an epitope against which a suitable

antibody is available.
The protein which is immobilized on a solid support may be

immobilized using an antibody against that protein bound to a

solid support or via other technologies which are known per se.
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i mobi |i zed using an anti body agai nst that protein
bound to a 40 solid support or via other technol ogi es
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PCT/ GB2003/ 005329 A preferred in vitro interaction

rT? % gaf [ rotein including
g utat hicone-S t% gﬁ EffécF%§§Tf@YTTﬁ%}H%§yab%pSlon protein
i mb#dﬂnzeﬁlmt@hdha{%tﬁﬁﬁSMSés@GmadSThi:ﬂ &y bB

Y, of t he type des rlbed above a test
cgﬁnu%%ul% §§%n r[)g]rlgg%% ied 52 By Gt g? Hi ng®i ¥% AoiiEFy assay

t EoHIFteof Elre taf@gumsq;flbleabﬂidveda pept icdBp@Ind can be assayed
p@&Y&Eﬂ%&h@ﬁhﬂM;l%g gﬁfﬂ*%ytgetgg%ecgn@$%Ja untcﬁf-r fgské%d

O%B’JO is ma t'erm ned ract7ond
t R lgﬁjuf’ﬁtﬁfﬁlé(ﬁépiéb‘ﬁ o'$ié chzidsisbyo SDS- pohyacrideantee-fusion
gﬁd:lyp%lpeﬁlé opmakesi s Ak e AakiMeby £ LRe; beads, may, be

tadc to 10 renove unbound rotein and the amdunt. of
p? olf SR GRT APR3E° BHRTS PYaih Sheo e iRiede B lcount i ng
t be earonht reofisl. aleteﬁ’rnESEﬁélyi Nthé Qfead@Xﬁﬁrph&a rnsed to
syélﬁoq}gl t i on_counter say _according to
the pr egrel%t%nl%n égrj] $6h rréy&}ﬁ §8°?r§€eoa$ﬁ E9E O gfpasy bound
cel Mpadetemssay lmn aghint bn@ttheeasturanef of aidie ppeséei 1S, for
| scaneessetbyn PrefeRabl ¥ thgayrface of, a
sui tabl e cel The assay may utilise a cell I|ne
such as a yeast strain or mammualian cell line, in

V\Kn(a|’$shhead’ﬂreyﬂ@ttchhﬁp@igs‘eggsl@sfentggﬁtIhﬂ/esdlgeetake the
one.or nore vectors introduced into 2

pressed fr
e T8 ? gnio%?%q' £587Y Nt “RANB-237 E82F ht¥racfi be proteins
ml%rﬁxpfree%jwat heraretrhbllg ordeserdiadcanys be fuktlsre cell.

mpdi tised, t se the{f ;suitabilit for in vivo
admi nISSt ré%i) HE{% or FneJJr ations ° e %o"f‘rp‘beflstl §h&2ig¥ or
tEmRAYentdedR hiye bénprepdr ¢te aselayhat npcitept alles or

fﬁHﬁfﬂh@E'éﬂ%Segﬁfgggé@ @goﬁuonee§§tméy%evégé+ﬁl 1%Qroduced into
q}rgrpouy as defined above, together wt
efr® ]phar maceutical |y acceptabl e ingredi ent S vvel I

known to those

Modulators of Notch/NB-3/F3 interaction identified by the methods
described may be further modified to increase their suitability

for in vivo administration.

Formulations

The compositions of the invention may be prepared as
pharmaceutical formulations comprising at least one active
compound, as defined above, together with one or more other
pharmaceutically acceptable ingredients well known to those
skilled in the art, including, but not limited to,
pharmaceutically acceptable carriers, adjuvants, excipients,
buffers, preservatives and stabilisers. The formulation may

further comprise other active agents.
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The formul ation may 35 further conprise other active
agents. 64 WO 2004/052389 PCT/ GB2003/005329 Thus,

the present invention further provides a nethod of

maki ng a pharmaceutical conposition as previously

defined, the method conprising adm xi ng at | east one
active agent as described herein 5 together wth one
oThuHDrehphgwdnyneuimféﬂd:¢naﬁ&&ﬂ%éabtﬁbvﬂagéeQImﬁﬂh%d ¥€ldaking a

gQUVSEEEEBgégfgglé qoépégq%$ﬁéo?%p/gbfl %%gsmethod

! ermaeemtactlakllyg acteéptabl @le astUsewghet edn REELADIIS herein
tEbgéM%egoﬂg¥HJQQ§'ofrﬂyf%dhgggﬁ%ceH§{53 @ %Cceptable %Pq{edlents

conposi tions dosage
t Wl ls &8pEn ofc $8aRe Sriﬁdlléél i} ydgnent,, e gui tebimefor use

| faaeRhass MidiBithes tiessues of the subject in
guestion (e.g., human) w thout excessive toxicity,

irritation, allergic response, or other problemor

conpltecat 1'p‘lﬂa,rm86§ﬂi]ﬁnfallll§ltﬁcc]e§>t%l@ Qs @88ONAU8n pertains to
g&%olu;l/ risk ratio. FEach carrl er

exciprent, e hutS af'eb et ac%%ﬁééﬁfcé“n?’n PRI hfrds.
oftpei wglclt@n'pat vhtleinnith idm@eobhaomnﬁgmeﬁmt Su@dmdrite

f i u r r nt Se . .
LS 0 gL RGP B PNy goe swer o

pHESraeRuts -Gal P@Sﬁ@ WﬂéhOIé‘xan‘pﬁ%SJR@mtngt@rtys irritation,

Piﬂalfel'fgiéuﬁé%bs@m@xn%%ﬁer Mlgﬁ“&ﬂ QB gp@cloﬁlﬂbcomensurate
liams & W1 kins; and Hgnd book

ncott
%ﬁﬁcﬁﬁﬁ"@&fo BRIYTeh( 515K FABIdi EPER, Cafg@&r 5d3uvant
Foraiphatt orschayusiialabl ye becicsp emiabl enf@{eméleagé ¥ being

f , t rogen-free,
Speb Rl MchoRit Aottt G Foe BRI RE

di ssol ved. Such liquids may additi onal cont ai n ot her

m&%@@%dﬁ@%ky a&ﬁ%@&ﬁ'@é eelxglga}l; eqlt%nt gt C.%Chbe foungoln

anti - oxi dant ts, u fer S, preser vat | ves abiTisers
BHCRER T D SRS Cisis@rhd F A Sag SAT sexammile k}mamgrtagew s,

anth reet sl €sa1 Wbt Ldhdeendescd e if a5dTubabh ¢ ogdbso&.%w)ﬁmott,
cerebrosplnal f1 ui d | es of

SULABRE T 40RBHTE cier FeFOiRl of e TRCSaTaL Srcipients,

farmetations 1eael ude Sodi um Chl ori de | njection,

Formulations may suitably be injectable formulations, e.g. in the
form of aqueous, isotonic, pyrogen-free, sterile solutions, in
which the active compound is dissolved. Such liquids may
additional contain other pharmaceutically acceptable ingredients,
such as anti-oxidants, buffers, preservatives, stabilisers,
bacteriostats, suspending agents, thickening agents, and solutes
which render the formulation isotonic with the blood or
cerebrospinal fluid. Examples of suitable isotonic carriers for
use in such formulations include Sodium Chloride Injection,
Ringer's Solution, or Lactated Ringer's Injection. Typically,

the concentration of the active compound in the liquid is from
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Ringer's Solution, or Lactated Ringer's Injection.
Typically, 35 the concentration of the active conpound
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PCT/ GB2003/ 005329 about 1 ng/m to about 10 jig/m,
for exanple fromabout 10ng/nl to about lug/m . The
formul ati ons may be presented in unit-dose or

rrul ti - dose seal ed containers, for exanple, anpoules

r} be stored in a freeze drled_ _
yop i I i g/nc‘ﬁ é’oggi\éﬁ o BIfhuifer ngrdHily £hem gdhdiuti bing/ml
of:otéli'@uit;t epgire .l | Qhé dfcﬁ:alhﬂ_aﬂonsf RAhy wxampkenvaf en {01 - ~dose

i i.on tely prior to use. _Extenporaneous
i ﬁ% grg{lltgnégs% u@tzlggﬁg A a%ﬁ%‘b%n&ﬁn%x%ebeamﬁﬂuéﬁér%d vials,

f FfNTgebt | T qrevden s fgteamwcestedanﬂydpa:bhebéd JeQ)ndltJfon
Adga-ni Stk abd | d he .conposj tions o
théc;Ql nve?}tl o(r%pvtvlﬁ ”ééHngc%era anc SBY-ilNj d&EfTh carrier,
pPEFBILEbI YN Fost WJEiOrttl@nﬁhem@NSlatqu ectbonamygebe
dE)Eiﬁﬁﬁ:)byaﬂléHLQ tlh?e@ﬂfo% le\gﬁ%geanci[%\_ég%g ?arl:sl \I/nglyyb
ecti ma into the cerebro-s

pefpc?ﬁ flf?é%ﬁtleﬁjeleslptoé’d%¥sll r‘ifraflyleéﬁrr |aPFiné®J@etSequence

| dentity 20 Percent (% am no acid seq_uengef! degt ity
to a reference sequence is defined as
V\Amn&%&?&mn of amno acid residues in a candidate
sequence that are identical with the anmino acid
rmﬂgg@rmo@msfra{eerc%m,ggs&%ggn& paf E%‘éear% Ay the
sequences and i ntroduci hg gaps NEecess
AHiCETLY e bysipdsdtiam peredentbhequiencel ¥ denbi tye d
rmijeeenﬁm d@ryl Bg @%ctﬁgnwov%évselt%ug%t agmlfgd ons as
sequence identity. % identity Val ues may

%tﬁe?% lr?{eﬁréd by SAHBRASTL Pe( APES digl cerello-spimet Hodsd,
| fYPERZyIolregy, t266:i146800#8(h 161996y )11 1M BLAST- 2 uses
several search paraneters, nost of which are set to
the default 30 val ues. The adjustable paraneters are
sduepes ideptiby | owi ng val ues: overlap span = 1,
overlap fraction = 0.125 word threshold (T) = 11. A
% am no acid sequence identity value is determ ned by
tHTE CRUNDEY BFLIPRAAHENSSTHRENE] ERdn iy difgs mspect to a
detrersnntedehye WE BASIr Sheadib¥i dod LRy Lhe JOotal . punberL; 4

%%s gééj%%Sa ggndldate sequence that are identical with the

for

amino acid residues in the reference sequence, after aligning the
sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. %
identity values may be determined by WU-BLAST-2 (Altschul et al.
Methods in Enzymology, 266:460-480 (1996)). WU-BLAST-2 uses
several search parameters, most of which are set to the default
values. The adjustable parameters are set with the following
values: overlap span = 1, overlap fraction = 0.125, word
threshold (T) = 11. A % amino acid sequence identity value is

determined by the number of matching identical residues as

determined by WU-BLAST-2, divided by the total number of residues

66



WD 2004/ 052389 PCT/ GB2003/ 005329 of the reference
sequence (gaps introduced by WJ-BLAST-2 into the

WO efoe0£238® sequence to maxim ze the alignnent BCDG82003/005329

10

15

20

25

30

being ignored), multiplied by 100. 5 Percent (%
amno acid simlarity is defined in the same way as
identity, with the exception that residues scoring a
positive value in the BLOSUVG2 matri x are count ed.
residues which are non-identical but which have
Eff% I5FBPEIS SETPRNYE (gaPa intastnEechoyc BHSEAR R vinto the
SmbSQJIetIlQ:EI 9ﬂ<$.)erﬁfeeta|xﬁa0(1&(ibl@tﬁfé alOgdaerd SkHEd Heing

,pe (9 ic acid sequence identity
nﬁ?ﬁg%%gbe%§f% Jﬁere %Y¢ce nucleic acid is defined as

the percentage of nucleotlde resi dues in a candi date

seguenge (thatn; areg m%ﬂlﬁ%{sl W'utp Lo ycl eot,i de

residues in the reference nuclei ¢ aci d Seqlfencds way as
Theeqtddwt i T’J;/tl\/dqh@egxﬁ@stdorieﬂeqm raaydiyes sgenerq@teegdobytive

t he1 BLAST M erothdsemed rﬁ&é‘r@kpé_]-e %oﬁﬁ%e&o the dege%ljl_dges v%hlch

paraneters, with overlap an and overl ap fraction s

ara noRg Hden iss ! PB%MPVQWE s2pi e PSfGBFé*F:%eSTHé g. as a
su@mc:t of ociealrat bee compesiddions) and/ ansbreatdmat s of
the invention will be adninistered will be a mammal,
preferably an experinental animl such as a rodent

(&np samidpbitanneat wyrc2bt mousehclelog,acaat seqﬁﬁﬂﬂéeyl@dntity

a esge r n re S CaOC\JA.{ hors ne
PEuh Qs é@tma L.oml %%gbﬁl 3c 2Fp $

pig or goat. More prefera e su
CRHETARge qﬁwém@ée?@ecte mpsidmenmmg*ee aﬁszuahctey that

r esdllildeRgi ca30 Wit @M e diuSeases Rr rgéﬁﬁfe%elinc% Q%%gl’cér?ceed
N%P&Qﬁgequqi nyelination, Such conditions Include
e

Xpe .%?@Hﬁa?e anP et ErHERE Tag§evord diegeidaray be
n@gndmateap@g|umanBaASTNThedﬁ1$3ofdaﬂigtﬂgTay atsad esdlderault

f c njur spi na nj ur SCl
oltg"fﬁyegrnl%gi}éJgéé’aswelsiflholrj dylagr g@‘?‘n an 81"'e‘§tarpolgé‘3‘é 0 %ﬁgy‘z%# and
VD 2004t 052389 vRLT/ GB2003/ 005329 or a

neur odegenerati ve condition, |earning nenory-rel ated

condition and/ or denmentia such as Al zheiner's di sease
he subject

The subject to which the compositions and/or treatments of the
invention will be administered will be a mammal, preferably an
experimental animal such as a rodent (e.g. a rabbit, rat or
mouse), dog, cat, monkey or ape, or a farm animal such as a cow,

horse, sheep, pig or goat. More preferably, the subject is

human.

Generally, the subject will have CNS damage, usually resulting
from a disease or disorder characterised by inadequate
myelination. Such conditions include MS. 1In experimental
animals, the damage or disorder may be experimental. The CNS
damage may also result from physical injury e.g. spinal cord

injury (SCI) other diseases or disorders, e.g. stroke, epilepsy
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Non- peptide "small nol ecul es” are often preferred to
pepti des or polypeptides for in vivo pharnmaceuti cal
use. Accordingly, mnetics of F3 and/or NB-3 and
conpl exes t her eof nay be designed, especially for
harnaceutlcal use. Typically a mmetic of one or
b&‘-”h ot='F8 Sﬁanws‘tsvw fndpsiempdisPEn bty Hiehgrngrtletad
N@bchlﬂfmrmhecw eﬂ,emsﬁef£rsabhyag he zexifacel hubassdepain
o%a mmc the effects of that protein
of pro elns %lnf ﬁg to the sane ol ecule. The
designing of mnetics to a known pharnaceutically
a \ [ known roach, t.o the, , ,
dg%é g%ﬁ%%?ﬁg% pﬁg?ngggﬁffgaf?yggseds6%15 “Piphpetion with
cORpRUeTFRL S msghb de sudesty abléonherabt hetacitdnve
conmpound is difficult or expensive to synthesise or
where it is unsuitable for a particular nethod of
atPR S ation, e.g. peptides are unsuitable active
agents for 25 oral conpositions as they tend to be

q I cK| raded.b rqt eases |n the alinentary
SR a8, Pttt dbalves ohat praserr iy 4 peptides or
geaéwgﬂﬁtydasetbn(inavtﬁquhaﬁmkndm¢lssreuﬁﬁ ngatés@8ngly,

a]¥]319) f I f.or -a ro . 30 Th
are %%v%r390§§§%g9§6&ﬁ%3 ag?(%%%lgxef %e§§rﬁ“bge designed,
nFHEQQ%?llVrEWﬁz?h@éﬁfﬁﬂﬂﬂ§0hhvu$ﬁg aTg@xqailwaagemnetlc of one or

pb@ﬂerdfy r3FhEStirys Lhe b@aééﬂa%lileaésf RIS ngf 4 rge Notch
ound that_are_critical and inportant in

d@? T BTt e aPay gt ﬁﬁabae?%lyiuéwé Herdrnphetptchnl or 2, to
tthﬁﬁSﬁeOéfquh%prdﬁwﬁIBk@téﬁﬂWobepﬁkﬂgingyblndlng to the same
ﬁ sienmptically varying 35 the amno acid residues in

e peptlde e.g. by substituting each 68 WO
2004/ 052389 PCT/ GB2003/ 005329 residue in turn.
%@'J&%l?ﬁw o) 91%@1! cq,etgrae b z-yrmléscegtjt.coall eg 1 e
such ide motifs. These parts or residues
cB‘Pf%thutnGtiLﬁga ktnﬁéma%:ﬂﬁr\?’éche‘g% GheofetHepmonpound ar e

kPiaMhaasutiSals' BRBENBEORNOI &4 Bompound. This might be

desirable where the active compound is difficult or expensive to

synthesise or where it is unsuitable for a particular method of
administration, e.g. peptides are unsuitable active agents for
oral compositions as they tend to be guickly degraded by
proteases in the alimentary canal. Mimetic design, synthesis and
testing is generally used to avoid randomly screening large

number of molecules for a target property.

There are several steps commonly taken in the design of a mimetic
from a compound having a given target property. Firstly, the
particular parts of the compound that are critical and/or
important in determining the target property are determined. In
the case of a peptide, this can be done by systematically varying

the amino acid residues in the peptide, e.g. by substituting each
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data froma range of sources, eg spectroscopic
techni ques, X-ray diffraction data and NVR 10
Conput ational analysis, simlarity mappi ng (which
nodel s the charge and/or vol unme of a pharnacophore,

r than_the bagndin bet ween at ons) and ot her
tg% %%Ehgg can” be%ﬁgﬁ i CPRT L BERF TG reproewedy 4sed to
| medinmarsiught perft itdei moaipiy. oamlneset berthrc&e-rdbmhﬂﬁl @Babtituting

S C 0 e ol and dlng artner are
Eﬁy éiﬁf%eT%?%Lﬁbn bgﬂpggp %fé ﬁfeuse 5 #here the

@%ﬁﬂméﬁBP@Feblndlng partner change confornatlon_on
blndlng allowing the nodel to take account of this
in the design of the mnetic. 20 A tenplate nolecule

i SPEhe s BFeTTAPPOATD MAtfi EReR Hemneal 1igr Glipsctwitsi A modelled

rramcmctﬂm@ phafm@ﬁﬁhﬂd’aa. ?@Bp@&l@%aféf%te¥ggc%e@rﬁgit§§ Zn
ul e and the chem cal groups grafted on to it ¢
gg!r)}%cgnlgéntsfy baendggfe%gaer&es&T]H’& gﬁ% fRoReti €209 eAssrurces,

t 89 2B ey hewpige tetnidues, yx{mybelphraardtaeal &gHaCahbyNMR.
a@&@gﬂhﬂ@l@naﬁrﬁqxalggfsc’ %‘ﬁnl e&r %/Sr%af)}%fnvgt Xohi_ Vgéno%els the

retaining t ogi cal Vi
c6%$6ﬁhéndﬁ@¥éﬁﬁaﬁﬁv@1w»pthEEDPherm1n@therHSmnpepéuﬁmdlng

bes@henf HELRON a$tiabiid .t Xe@l@rplcpl%sa&glx %\équQa lqy%hﬁglrycgielllng

t he eptide, increasing its rigidity e m net
n?ﬁﬁﬁgfs found 30 by this approach can then be
screened to see whether they have the target ]

e extent they exhibit it. Further
g%?%h]S% ?oncgftﬁ%dl?pﬁfgﬁf%ﬂ1?EﬁntP?ﬁﬁwdﬁ@eﬁ%&qqaédsEEHCture of
ttb%uﬁi@vedaand ofte bindipgepditmalr ardetddesléOr ITRiVi M be

bi . 0Q4/ 8
(%_g%%g/%%eg%%gwlgelrne t@ﬁ resgn ché?se%lndlr%q gartner change

n"a?ﬂ:ﬁoﬁ@aE%%Pé’sbﬁﬁ?l% aébw:tna th@iemdleﬂyt@ htealqaﬂ Ato@int of

periid QR ehe @idshgh 68 @k MBsctikequired to interact
with Notch. This peptide may then be used as a | ead

conmpound for mnetic design, as described above. 5
Anttidppdres molecule is then selected onto which chemical groups

which mimic the pharmacophore can be grafted. The template
molecule and the chemical groups grafted on to it can
conveniently be selected so that the mimetic is easy to
synthesise, is likely to be pharmacologically acceptable, and
does not degrade in vivo, while retaining the biological activity
of the lead compound. Alternatively, where the mimetic is
peptide based, further stability can be achieved by cyclising the
peptide, increasing its rigidity. The mimetic or mimetics found
by this approach can then be screened to see whether they have
the target property, or to what extent they exhibit it. Further
optimisation or modification can then be carried out to arrive at

one or more final mimetics for in vivo or clinical testing.
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As anti bodi es can be nodified in a nunber of ways, the
term "antibody" should be construed as covering any

WG p@aio$1389 bi ndi ng 10 substance havi ng an bi ndi PQI/G8a@BE/005329

with the required specificity. Thus, this termcovers
anti body fragnments, derivatives, functiona

equi val ents and honol ogues of antibodies, including
any polypept|de conpri sing an |nnunoglobulln bi ndi ng

do whet her natural or synthetic. Chinmaeric

ﬂDPECLﬁ gsesen PSP hPAH1Es PHRAIAGGE BIstieSNBY el mged to
d@ﬁmmfyotheqmn\zahbmqrtﬁwe@tf taatasptieir Polypeptidey o

a e uded.. C oni nhg and expressi on of
e s s R B0 | T B, 790894 ahrc

EPCIROUQE2 0P J1in20i¢ tdaragnbhesn dehowbdchabofe agment s of
a whol e anti body can perform the function of binding

anti gens. Exanples of binding fragnents are (i) the

F%%‘i’-%eééﬁint consisting of VL, VH, CL and CHlL donai ns;

(ii) the Fd fragnment consisting of the VH and CHL
rral nSE%&I ii) the Fv fragnment consisting of the VL

YOS s O 4161 #y 1@ AntPERSdy O (Vay)s t hee dipdrm
('r‘fagn@ntiy( Vitireah, L d BoS.conet radd ,asl\la&wﬁn%‘llny %c@?@c binding
on i sol at ed
CD;%%%éfons % ﬁc‘l—b(léfb'lﬁl% C?’r“%i‘dﬁe‘ﬁ‘ttgﬁ the %‘?%ﬁ;ﬁr@ﬁt specificity.
f Frpre f bl%dwgm sPYRF st wotibavsedrFatefusagaentw tives )
Sftﬁﬁ:lt@oﬁg'@é?qu@éaf@rlt%c Hh&shc&n%g':é&es V&'}er sl:goea L\élg do rrlnaludlng

and a VL 30 donmain are RkeT
VIHIYC RO AY PRI SeheCwRAg s 18 it rirgmp@oqaﬂsa@(uénatl@md@nﬁodmm,

aftdtgen i Ndiangosidy@taBi{d, etn@haeriSCHENSE 1 24
423- 426 Oblu%88 Huston et al, PNAS USA, 85, l§§7§°mprsl§‘§ng an

fgggfog% 1?'8%% FP%@%ﬂ,nﬁFee%HﬁyaﬁeFQ cﬁqﬁggsto another
ﬁmg?PEEEEﬂQJQQG5§heﬂufo¢eX@ncﬂﬁdaBOdldxﬁnan@lﬁdd ¥a Eégsﬂ%ﬁ of

79,40, 2004/052309, PCTL CB2003( 005320, gwﬁgr%em e

%msnts construct ed gene Tt ust 4g82d EPpA-
Pgér et al Proc. Natl Acad. Sci. USA 90
6444 6448 1993). Diabodies are nultinmers of

(%%n}égeptl des each pol ypeptide 5 conprising a first
A RGPS A thf FRf™#g tF egf on "BPlarantibody can perform

|un¢un@g&mﬂuﬂ bh $idﬂ1hgc$ﬁﬂﬂ§eﬂ8d EEﬁ%%ﬁQQQ 6%3%§halng fragments

di f gl obul
vy -bratn b n B o RE b g b kb CCob by

@@p@nd@ | (inket)e Fut funaidre ton&ssO@abe the VH and CH1
domains; (iii) the Fv fragment consisting of the VL and VH
domains of a single antibody; (iv) the dab fragment (Ward, E.S.
et al., Nature 341, 544-54¢ (1989)) which consists of a VH
domain; (v) isolated CDR regions; (vi) F(ab')2 fragments, a
bivalent fragment comprising two linked Fab fragments (vii)
single chain Fv molecules (scFv), wherein a VH domain and a VL
domain are linked by a peptide linker which allows the two
domains to associate to form an antigen binding site (Bird et al,
Science, 242, 423-426, 1988; Huston et al, PNAS USA, 85, 5879-
5883, 1988); (viii) bispecific single chain Fv dimers

(PCT/US92/09965) and (ix) "diabodies", multivalent or

70



with each other to forman antigen binding site:
antigen binding 10 sites are forned by the associ ation
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multimer with the second domai n of anot her

pol ypeptide within the nultinmer (W94/13804). Were
bi specific anti bodies are to be used, these may be 15
conventional bispecific antibodies, which can be

Led. variety of (Holl'i ger, P. and
nﬁﬂy{fgﬂé& grrégﬁg%ﬁﬁlnl%ﬁQStEW?ﬁﬁggHﬁo$enq4fuﬁ%%ﬁ‘ﬂ@@94/13804

(fgg%t)l)llg@g Pt epaFedc chenilcahdas.oscir arse bybsdah 6445, 1093) .

hybri donmas, or may be any of the bispecific antibody’

fra nments mentioned above. It may be preferable to use
THedi P B iEe b odi pelymphiédes han civhod Bypeptide

aﬁbmﬁ]ﬂﬁllﬁ§ a E}ﬁ’@@da&%ﬁn%mﬁﬁﬁinga@ %ﬁlﬁgnSt [ UCt edf an
I on, Uusing onl varl a
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regwtingnre@dieiosf of MERhohi SRAGHT he-ANLLEAdI a3, @ﬁ ude ains
er

t | ai n "Janusi ns" describéd in Traunec
Q&rlgs lE‘grrEedz 916UrhdlPPti8e HEEsreny, upaloyl)to Rresemipte

b@%@ﬁ?h@@qrotbhtnmmase niieRnhBRLnGeg:i 8k | B8} gen binding

agddodi-gsed royi | bodi.es ving_the antig
blndlng ﬁ?&gggtggggg?g?%%?ﬁ%ﬁoﬁuﬁgthﬁnf?ﬁﬁﬂfomﬁh?ﬁ§fOne

?ﬁﬁ?ﬁth%Ftwﬁ§hgg it wibls ponseeoénd MBmain of another

aniliypedt€se agnvheihd REYe Bh& YF6sh jngohpman therapy.
Thus, humani sed anti bodi es conpri se Pranemork regi ons

derlved from human i nmmunogl obul i ns (acceptor anti body)
i henghb t4peacasiid UﬁStlﬁobﬁﬁTéathﬁ:eO o NMBY & seQMPLERNLAL Y,

(CDR are replaced by residues
Q?%ﬁ%g%%%%?ﬂo%Q ?ﬁﬁ1 ﬁuﬁ%ﬁﬁpé§l§ﬁedﬂ€§h(ﬂ%ﬂuﬁe BaRpBsdyred in

quéqqragtws@ayqs atiodi igabbibt. and ihedyr @l C\ﬁ@rent Opinion

89 ,P 0 29 h d
popertics. g spect 1cit. aff )6} St f o roon

18 ¢h v dpRagewer kay e @uESObfthEhelmnmman&mMmy

ﬁﬁygaéﬁush@nte@%aﬁegoﬁy CQ&rﬁ§PQﬂ9598fQSHﬂEUEH-us SCFv
rgsid dues resi dues not presént inh either donor

of accept o dr1 Bﬁ‘gﬁe&oﬁla@%er §hRedlr ffpart i katicsns Bradodade and
tseFvheardf upet henstmwicitae ﬁﬂﬂﬁo@ﬁtéﬁﬂg&ﬁregfgh phg@§5t35¥§ ggrlable

t4he Rects and e nts of the second
aspggggo?gq%e present G gg?o SRCFF Hownba-idiotypic

iFERE5IIat eQEheY Amays off éxapptefiovahhibodies include the

single chain "Janusins" described in Traunecker et al, Embo

Journal, 10, 3655-3659, (1991).

It may be desirable to "humanise" non-human (eg murine)
antibodies to provide antibodies having the antigen binding
properties of the non-human antibody, while minimising the
immunogenic response of the antibodies, eg when they are used in
human therapy. Thus, humanised antibodies comprise framework
regions derived from human immunoglobulins (acceptor antibody) in
which residues from one or more complementary determining regions
(CDR's) are replaced by residues from CDR's of a non~human

species (donor antibody) such as mouse, rat or rabbit antibody
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10 reference to the acconpanying figures. Further
aspects and enbodi nents will be apparent to those
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text are incorporated herein by reference. 15 Brief
Description of the Figures Relating to the Second
Aspect of the Present Invention Figure 1. Adhesion of
OLN-93 cel I's or nouse Notchl transfected Hela cells

59 or W tggsl{tregntl bod bl ocki ng treatment to spots

ot rotelns, *SURM PSS TR FEY PR SN HHTINEHY 19% ¢

(aéipamlctyNB Sani sf(bhe efrjamemapq raaddure)s o@pphé efhr@ antibody
n | m ned. s (.
r}él%)ﬁr; gaglgnt H% %Ze%l\é@ %rﬂg aﬁsep?oélﬁtlng gu ﬁ%arnesidgéi’ or by
f FBPR RIS BaStPiehrRE Jifnd!epéwdeimoexcpﬂemcnentsr arBabodies.
mak&ed noqk 81 HBLY SO, tié C@J]ttlh)é %gﬁeQS}ng[rI d %%ﬁnéptlmlse

fromthe 25 control. Adhesion of

cbit SoRSrEeRd N2 3fiiBodubstrates. a. Effect of

anti body bl ockade on COLN-93 cell adhesion to F3-Fc
bstrate rotein substrate onl\t/ as a

n?rcﬁ)anmnfodl [ B ot2s Fe5aBSt3REE T onf EheARFPE TS
omnmuloNBmsLl addibé anlobt3ddhese Wayooantikd@die@Swith

r e E substr

et brarsl et e R B sk e FiRaE NG e Aot tie
OPMISimATR Ep ey batahaEN: 92 ¢obbs shiflhed hosehewert. ALl
sps&idens RAckhog anthPodises L. pfrf‘corggyyteeds%r gg}m by
respectively before plating upon a F3-Fc coate
stibstrare: 72 WD 2004/ 052389 PCT/ GB2003/ 005329 b.

Ef fect of anti body bl ockade on OLN-93 cell adhesion to
I\@ 3f gubs : NB 3 H| S in subst

tmf— é‘ﬂf?ﬁb@dlmentx%pect [ veI y, to bI ock the NB-3- H| S
coated substrates before 5 plating OLN-93 cells;
Anti-Notchl, Anti-Notch2 or Serum pre- treated OLN 93
cBiqurend + idhireden tafo O3Belt fded 1Bl ot kionge alit i dbddicesns Broted

Pli&rd FRUNS ﬁﬁﬂhUB}rﬁ¥ﬂﬂgggléﬁ%ﬁﬁog§f5¥6%kﬁh?t&fgltﬁgﬁg & spots
NB-3-Hi s. coated substrate. c-d: | mmuno uorescence

rr?%rpdEﬁF‘Sb%%’ SPCOLNE 937€8I (¥ &rdi My &1 ngillirdc (a) and NB-3-
-(Notefd, anbi bady «(¢) adiaatic Matebde AiRtlichedyad d) .

Cé%éermined. Bars (a-b and g-r) represent the number of adherent

cells (mean + SD) from at least three independent experiments.
Bar marked * is highly significantly (P<0.05) different from the
control.

Adhesion of OLN-93 cells on coated F3-Fc and NB-3-His substrates.
a. Effect of antibody blockade on OLN-93 cell adhesion to F3-Fc
substrate. F3: F3 protein substrate only (as a control); CHLL:
CHL1l protein substrate only; Anti-F3 or Anti-NB-3: addition of
these two antibodies, respectively, to block the F3-Fc coated
substrates before plating OLN-93 cells; Anti-Notchl, Anti-Notch2
or Serum: pre-treated OLN-93 cells with these two specific
blocking antibodies or pre-immune serum respectively before

plating upon a F3~Fc coated substrate.

72



surface staining is present in both instances. e-j:
Bright-field mcrographs of OLN-93 cells upon contact
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culture (e) and in the presence of bl ocking
antibodiés)against Notchl (f), NB-3 (g), 15 Notch2

(h), F3 (i), and pre-inmmune serum (j). Scale bar in

(j): 8 pmfor (c-j). Adhesion of npuse Notch
trangfected_Hela cells on coated F3-Fc and NB-3-Hi s
subs Ct ot a?FIQQPVgﬂ{OQKaQPdOWnQ?No&%aﬁﬁé-eﬁheS1on to NB-3

nﬁgkstlraé;rqasf@a’f%d NHella?Hmllerstékr) Su%g%ﬁe{%ct%%te %hl*:rcol ) ;
on C
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tFé%%ﬁ%?cPéﬂ YEIcgllegwigdl kge$¢ﬂﬂﬁbaepedmflmﬂbrb&%inﬁcantlbodles

Subsireat @mul3: seFamFﬁeﬁa%%ttggelyS%Qgig agnl a[r_LgJo[gCa Ng’ 3-His

addition of these antibodiesto
coat 6d SUB3ti%fes before plating m)use Notchl
t pars flectedf Melrasceldes mi ABSd raat ChY ks ST M

s stained using
tchl transfected Hela cells Wth
P By e B i Bo e B s, (i 1)

sBHifirceesprictingel y Ms@ne pl abikRgidRencads. F3- Fc coat ed

tra sfected Hel a
soomtoal au sl LA 00 MLl S e LR, L

E&?ﬁ&?ﬁ P %aﬁﬂ?b%%@ﬁqﬂaéékééﬁﬁroﬁ pouse Motalllture (e) and in

trrengkesded Hel ]@locﬁg@nlgsaﬁgnj%ﬁhgg 4 1N§E3l\tlorté: ecg€$,§q\lB 3 (g),

H s 35 coat
Z%békle‘% Egd?’t 'or‘?n(i‘f PEHETEUAAt IO €3) + $caZ8 MO in (3): 8
20040050880 . PCT/ GB2003/ 005329 bl ock the NB-3.H s

| ati ng nouse Not chl
?%gﬁgg%rg%héé% e%\lok%eFxgr '&'ﬁ‘[s%e%%gdcﬁp 6rc§érsuﬁap coated F3-Fc

F€- tPeltéd AksratNet chl transfected Hela cells with
i I t i badj es e-i qmune serum
enpect oLy bet ore BTar ng baaH 5t oer RETs T B oatede (x
és?‘?%&e Notghrh tcrépﬁéecfrﬁdaﬁehg qeddk- txmsmecnemtuetamh

¢el-Fs upam ar NB-3- hh§ yedn$ubstrat e*%ﬁcg ?ﬁggkzng

E Bi och cel lul ar anal ysi's of
i Iﬁtgg%%%: T ongalbe%\/\g chN%‘HﬂFéPNB @d pre-immune serum

(p). Scale bar in (P): 8 um for (k-p) .

q. Effect of antibody blockade on mouse Notchl transfected Hela
cells interaction with F3-Fc substrate. F3: F3-Fc coated
substrate only; Anti-F3: addition of these antibodies to block
the F3-Fc coated substrates before plating mouse Notchl
transfected Hela cells; Anti-Notchl or Serum: pre-treated mouse
Notchl transfected Hela cells with these specific blocking
antibodies or pre-immune serum respectively before plating upon a
F3-Fc coated substrate; Hela cells: plating mock-transfected Hela
cells upon a F3-Fc coated substrate (as a control).

r. Effect of antibody blockade on mouse Notchl transfected Hela
cells adhesion to NB-3-His coated substrate. NB-3: NB-3.His

coated substrate only; Anti-NB-3: addition of these antibodies to
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10 a-d: Reciprocal association of both F3 and NB-3
with Notchl and Notch2. Lysates of rat brain were
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ant i bodi es and beads and noni nmune 1gG (as controls).
In each case, |anes correspond to antibodies as

mar ked (Anti-N1: Anti-Notchl antibody, Anti-N2: 15
Anti-Notch2 antibody). Western blots were probed wth

ant | nst F3 (a), NB-3 (b), Notchl (c) and
B@"%% Pé) NBaBg%ééh'é?f%ﬁ%dc shPagdRs JPe e RbeEHI mouse Notchl
mbk ewiflee t st oW lag ct hes ; mammmc@gyoﬁsB@xlglﬁled gélbtlerggleed Mouse
s n omassie Brilliant ue
sggfén@n%g?% anggl Pﬁ?%ang:ﬁlgo P WoPahBfSsiteEdf i o loREing
fé@‘?lbfotda@ﬁe?ﬁ @raremghwnseraiheceapéctzl\l@tl@hbef@m |plzgelyng upon a

spec fhicabd - Joecagmi
of th ell nteraction b%tet\%eg%e Ells’f rpaéﬁr%rﬁ %q‘t ﬁ)‘éanSfeCted

F37NBSS1hY HRoitng ]&Bxﬁjlﬂlsdwealssawstrﬁae baalan doyig ad BS.
vvere I ncubated with GST or GST-fusion proteins (N1.1,
N 34 3 N1.4) bound to Sepharose 4B beads.

BOLFHJI& pf ot EITTESRETE &gt 88t L udPE hasBY sd anpf ettsufifiberartdon
aretivwese dNdychSBSe PAGERand Western bl otting with

{.bad] [ F3.0 . Adhesi on of
%]{c%'r g\%g ercot%%g clatIlon(% %Oﬁé 5 erdnfettedh ¥pkohl and
CIR2( kyysaked abclett banfeocteed ﬁlnl@yczeldl sy (d)- to four

30uminb b 8L & l,sfpa t : TO Iehe rotein
fragere%t s&rlgl ety .lt,% gﬂr&% % o aﬁ‘@r @ ¢ and

%uﬁ%rﬁgﬁol a%ve?célté@éﬁ )ed Inoﬁ@@h mﬁéacb@eca‘ cpetédpond to

Chrﬁ:hBSd&EHj als3mb Fiensf@at edyiCHR celd s o6h)
ﬁ(’j fec ed CHO cells (k) and Y ckartl?lgr?g?’ec%ntdl Ne:

(j'fljl llﬁ\%q’yé W%\f?ﬁfnaﬁ CHRiSES] PretPednwith antibodies
cew@ncpealw (def i e rreoi; uraear &Sanaonétsethams

r&p th er .0 e (mean + SD) 74
VD 3604 05305 BCE G057 boSSogIFFBIE S east St ee

| FraBpRMERSI 2expEr€dnEat sachBanbokrrked f¥adsenthi ghl y
Sii—gniéd}&@@tsw #50.19R} h inlg’ the, contr

(&GS ure 31. West elsrjllﬁlf bggi%mang (?g}ls c?f IéHf(lpr goslsFon
sfe %Sam? PPP i Sovb-Tindrmares @frerhwran@hecam—@H@cm
%khﬁo@ﬂ&p@:i\kﬂi’al@@l l:§cogallzlamn@bL19& @nal ysis of MAG

hn.ra rain enat es and cell co-cul ture
gxtra%:na?ysﬁs ?%%%OBPB?I éPS}s?estWGFnljﬂcfiqhﬁ feeyments with

¢3/HBt 3 dveuektg actsll Qiddn OkMN:O3 rael hro tyEet&NlMie
Fat@Med with ST or GST-fusion proteins (N1.1, N1.2, N1.3,
N1.4) bound to Sepharose 4B beads. Bound proteins were eluted
with SDS sample buffer and analysed by SDS-PAGE and Western
blotting with antibodies against F3 or NB-3.

j-1: Adhesion of F3-transfected CHO cells (3j), NB-3~transfected
CHO cells (k), and mock-tranfected CHO cells (1) to four
different Notchl fragments and GST. The protein fragments N1.1,
N1.2, N1.3 and N1.4, together with GST as control were coated
onto surfaces of petri dishes and F3-transfected CHO cells (3),
NB-3-transfected CHO cells (k) and mock-transfected CHO cells (1)

were plated and maintained in chemically defined medium for 2

hours. Bars represent the number of adherent cells (mean + SD)
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co-culture of OLN-93 cells and F3-transfected CHO
cells; CHO OLN: 10 co-culture of OLN-93 cells and
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j-o0. Scal e bar

OLN-93 cells and TAG 1-transfected CHO cells;

TAX/ OLN: co-culture of OLN-93 cells and
TAX-transfected CHO cells. 15 Figure 4.

I mTunofI uor escence | ocal i zati on of Jaggedl and NB- 3.

IJ:_> any NB-3 staining was detectable.
356 “écﬁt SEaF aﬁf’r’fﬁemé% Preadent wperimrds sBreatecked * is

cohghligt emynind tdunany axedalos) | @calh-2at 1 Qm Seal &R MsT) .
a-c: 20 pmfor a-i. d-f: At P5, NB-3 can be observed

to cluster at paranodal 20 |ocations. Significantly,
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g and hence nunbers of par anodes have |ncrease
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cm‘rsdultuemtﬁ ofN-bhedpakanedesin dhgce0hrdlo %%FLYQ“SCHO/OLN;
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%WPLNntcpcnmuéityr@om ack- Qh&elaxcﬁrﬁm‘a@ il'h&aplrs%%@{l%d CHO

h i tion axonal F3/
sy, e GNEAL RNl & NLLLONAR (X8 Kol cocees

1%?9 cebther msrrbers of the axoglial junction include
axonal NB-3 and glial Notch. It has al so been

m)nst ated that a functional 75 WO 2004/052389
dP?‘é%z 03/ BYBIDYCESGRAFT ilRgal Mrdrast PO asgiedt sand NB-3.

bie{C\A/eBtl M/ hHBdByaal’i@ NetThstaiMng mqedgﬁeﬁ%@i%er\?agpglgdl
nogd xtapa anode), Table | 5 Primary rat
o i gog (‘?en:y %Séer\l/ver ’rréetaérdSBﬁead‘éaféﬂsﬁteFﬂ& o axonal

H|°§aéFZEBSAn( cémleolb)arsuﬂnsst—rcat BG,unl eespe&ti vely. After 2

Lar t act ed and
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g-i: At P14, the distribution of NB-3 and Jaggedl remains
unchanged from the P5 pattern, apart from the fact that axon

density and hence numbers of paranodes have increased.

Figure 5. The schematic diagram of the molecular constituents of
the paranode in the central nervous system.

At this location, multiple oligodendroglial cytoplasmic loops
(here pictured only as a single loop) intimately contact the
axolemma. The present study has revealed that in addition to
axonal F3/ contactin and Caspr and glial neurofascin 155 (NF-
155), other members of the axoglial junction include axonal NB-3

and glial Notch. It has also been demonstrated that a functional
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Figure 6. Notch and F3 are binding partners. (A) Cell
adhesi on assay. OLN cells were | abel ed with a-Notchl

W@ 2004/082380- Not ch2 (b). OLN cells were plated oPCHGBR®@S/005329
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spotted with F3 15 (c, e-i) or CHL1 (d). Cells were
untreated or pre-treated prior to plating with
a-Notchl (e) or a-Notch2 (f), pre-imrune serum
(serun) (g) or with anti gen-depl eted a- Not chl

- %‘%H-) or a-Notch2 (D-a-Notch2) (i). Dotted
I i n% ?c ECEYYR LIPS thrtwsent BInMBc3spot Hotch. (N:
Adh@srexft Ree*iriesmv\ame vd rsnalie Z efbxly 784 @igiragdo0 Wi th
Coonassie Blue. j: Quantification of N cel |
adherence to F3 substrate and the effects of bl ocking
afth¥odi es. # p<0.05 conpared with CHL1, * p<0.05
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nN tf\%&seh%ggfghl-ie cells were pretreated wth 5

or With pre-inmune 30 serum (serum. #
p<0 05 conpared with nock-transfected HeLa cells, *

rrRa 60RALGd W tHy QL ne serum Scal e bar in
H%) 15 pm f coraa b. Bgrﬂlgrm{gpﬁspa(ﬁ r epr esent
t Rakberdhsts iondhmrant opeldes 1§ meate 18@1eﬂ@1%@a -Notchl (a)

2004/ RRE38° lg /%500%005329 Figure 7. Notch and F3

assocl af & as EoifiSeR12{%4) opadishes spotted with F3
ci Amhopr é:@iupu tait. escwllsh whiDt Clt 1@ t MOt &N Dre@ireated prior

eci pi.tat mrat brai n Iysate wer e prepared
R P o O CH " ooV e (£ R tamate. sorum

urseenUga]) edobam adBdyelie, P U ORed AN @ 531\1019:111 (h)
Reci procal assays used a-F3 to capture the protein

CONPIrBXEH20 | PotedP tsy22i minoBbbted rignwkt demi-ddotbdledafes of

a:hl\bicﬁl’d'ba_t—@d &Gt LG RihRd] Lroe
e Lgm nn o](‘: t%%]e Notchlr@élgt !I;%'%leso% %Q \'x::vaso %Z.zed by staining
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?ggpéééq.&gﬁgl%ﬁ%¥ oL, Of tdgecgéggrggrgggfrgéi immune serum.
Scale bar in (i): 20 um for a, b; 120 pm for e-i.

(B) Cell repulsion assay. mNl-transfected Hela cells (a) or mock-
transfected HeLa cells (b) were plated on F3 coated dishes.
Adherent cells were stained with Coomassie Blue. c:

Quantification of Hela cell adherence to F3 and the effects of
blocking antibodies. In some experiments, mNl-transfected HeLa
cells were pretreated with a;F3 or a-Notchl, or with pre-immune
serum (serum). # p<0.05 compared with mock-transfected HeLa
cells, * p<0.05 compared with pre~immune serum. Scale bar in (b):

15 pm for a, b. Bar graphs (Aj, Be) represent the number of
adherent cells (mean +* SD) .
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(C© F3 binds to specific domains of Notchl. a: The
GST-Notchl  extracel lular fragments (N1.l, N1.2, N1.3

w@nw4bi2349 or GST al one were used in a GST puPdFGB2M03/005329
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assay with rat brain |ysate. The 15 precipitates and
rat brain lysate (right [ane) were probed for F3. b:
Quantification of nock- and F3-transfected CHO cells
adhering to culture dishes coated with the four GST
fys) r nts or GST al one. Bars represent the
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| MeTSpbobed s sBea: Not abhaird- Mot §hZni1angd. antubuhing. 11
(%}t Séhﬁ]dyé:redf RIP was carried out by y-secretase at
the €3%site " "OERPERTT dMhete Mar & t¥eat @ad Wt H)200 @M alone
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Figure 8. NICD translocation.

(A) F3-induced NICD nuclear translocation. mNotchl-myc
transfected OLN cells were treated with 11.2 nM F3 (a), Jaggedl
(b), BSA (e¢) or pre-incubated with o~Notchl EGF (11-12) prior to
F3 treatment (d) and then stained with a-NICD. e: Quantification
of cells with nuclear staining of NICD after treatment with
increasing concentrations of F3 and Jaggedl. Data are mean + SEM.

£: OLN cells were cultured with Jaggedl-, F3- or mock-transfected
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(© Upregulation of Notchl and Notch2. Tot al
(cytoplasmc plus 15 nuclear) NICD staining intensity
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mNot chl -myc transfected OLN cells (a). OLN cells

cultured alone or with F3-, nock, TAGI-, or
TAX-transfected CHO cells were |ysed and probed wth
a-Notchl, a-Notch2 and a-Notch3 (b). c: Real-time PCR
assay of Notch nmRNA [evels in OLN cells 20 treated
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Figure 9. OLN cellular processes halt and alter their morphology
upon contact with F3-transfected CHO cells.

Cellular processes (arrows in a and b) of OLN cells extend
towards F3-transfected CHO cell somata and upon contact with
them, terminate and elaborate a flattened cytoplasmic sheet that
envelops the cell body. This phenomenon is indicated by asterisks
(*). a: Both OLN and F3-transfected CHO cells were pre-stained
with PKH26 red fluorescent dye. b: The bright-field micrograph
corresponding to (a). e, £, i: OLN cells were pre-stained with

PKH26 red fluorescent dye. d, g, j: Both OLN cells and F3-
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Jaggedl and Jagged2 (a). Lysates of rat brain, OLN
al one, and the indicated co-cultured cells were
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panel) (b). (c) Measured by real-tinme PCR, MAG nRNA
in primary OLs is elevated significantly by F3, versus
20 BSA treatnent. The raw data were normalized to
GAPDH using conparative CT nethod. (B) F3, but not
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\/cfl.°7r44ﬁ' H) and 79 V\D 2004/ 052389 PCT/ GB2003/ 005329
V1744L (e); Notch ECD- del eted nut ants, caNl (f, g) and
CaN2 h1 Irf%tﬁ were treated % or untreat ed (f-1)
w1 S ACF3 S arRr e 98b bR ® IYabel ¥aF ol N MG S(Fel)  and
ve\ (&26, if, u]_ch:)algl(lgd{mﬂ))yor3 ccmpgceilda a8} £@rr%&e},tea’he
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tur e i ndi cat constructs foll owed
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tBrSAamghe*gndrrt t ke traangaenbreanenocrmegiiadd #o @A@DHAlusing

ared; w F3-tpeated OLN cells. Scale bar in
2 lumeor 21%& ); 40 pmfor (Ca-i). 15 Figure

me l@%prn%sﬂweadé,mm@ﬁaém M3F - Hel¥d tdridmyc transfected
dﬂmeﬁaﬁﬁi wW¥kre treated with 11.2 nM F3-Fc (a, d) or Jaggedl (b

'
¢, e, £) and labeled using a-MAG (a, b) or a-CNPase (d, e). The
arrows in (b, e) indicate the cell bodies, which can be better
viewed in bright-field pictures (e, £). g: Fluorescence
intensities of MAG and CNPase staining in cells treated with F3,
Jaggedl, BSA, or pretreated with a-Notchl EGF (11-12) followed by
F3. Data are mean * SEM. h: Quantification of the surface area
(mean * SEM) occupied by cells treated with F3, Jaggedl or BSA.
*p<0.05; **p<0.0l compared with BSA.

(C) MAG upregulation is F3/Notch interaction-dependent.

a-j: OLN cells transfected with Notch ICD-deleted mutants, dn-N1
{a), dn-N2 (b); LacZ (e); S3 cleavage mutants, V1744K (d) and
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DTX1. (A) MAG upregulation is independent of Hest
expression. (a) OLN cells were treated with the

w0 nabisosa3ed | i gands or compounds. At the ti nmesPGIIGHBR003/005329

10

15

20

25

30

Hesl transcripts were quantified using real-tinme 20
PCR and nornalized to that at the start of the tine
course. (b, d, e) OLN cells were untreated or

pre-treated with Hest sense (Hesl - S) or antlsense
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used in luciferase reporter assays and 1 rrrrunélg{%a‘?’i‘ﬁ1 P@”“’
Schﬂﬂ}:ruﬂtf efSEenardicaggd\ipy 20041052389 the transmembrane
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G@g F3 Cell lysates were probed with o-Hesl (upper panel) or a-
nuclear matrix protein (N-matrix) (bottom panel) (b) or cells
were labeled for MAG (d, e). Also, OLN cells transfected with
PGVB/Hesl reporter alone or together with constructs expressing
caNl, RBP-J, or myc-tagged dn-RBP-J were subjected to luciferase
assay (ec). Data are mean * SD. £: OLN cells transfected with dn-
RBP-J-myc were treated with 11.2 nM F3 and double stained for MAG
(red) and c-myc (green). g: MAG staining intensity in OLN cells
with various treatments indicated above. Data are mean + SEM.
*p<0.0l compared with cells treated with F3 alone.

(B) MAG upregulation involves DTX1. a: DTXl constructs used in

luciferase reporter assays and immunostaining study. N terminal:
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or Jaggedl (d) for 2 days, double | abeled for Ng2
(red) and CNPase (green) and counted (k). OPCs were

wab@aossnsf ected with tagged do-N1 (e, h) aneCDGE100805329
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(f, i), followed by F3 treatnment or with caN and
left untreated (g, j). Cells were doubl e stained 20
for the appropriate tag (green) and CNPase (red; e-g)
or Ng2 (red; h j) and counted (k). Scale bar in (j):

2 set 00 pmfor (b-j). Figure 13.
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Figure 13. Proposed model of distinct ligand~dependent Notch
signaling pathways during development.

F3 interacts with the Notch receptor on the opposing cell surface
to stimulate Notch/RBP-J signaling pathway to recruit DTX1l before
or after releasing NICD into the cytoplasm. The NICD/RBP-J/DTX1
complex may undergo specific but unidentified modification prior
to translocation into the nucleus where it activates target genes
such as MAG. This signaling may contribute to OL maturation after
P6 when decreased Jaggedl expression favors the initiation of
F3/Notch signaling. In contrast, before P6, Jaggedl/Notch
signaling activates the NICD/RBP-J-dependent transcription of

target genes such as Hesl and predominantly inhibits OPC
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(B) NB-3 is localized at the paranode. Brain stem
sections from 90 day old rats were double | abeled for

wWOB03/052389 Caspr (a-c) or NB-3 and sodi um chanP&l/€B2003/005329
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(d-f). Scale bar in (f): 15 pmfor (a- f). 20 (O
Lipid raft assay. NB3 was enriched in fraction 5, the
sane fraction as F3 and Caspr. H Total honobgenate.
Figure 15. NB-3 is a functional ligand of Notchl. (A)

blnsto Not chl ) NB-3 co-i munoprecipitated
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afr Nl Cbh (dipper ap@nelshrore ¥ #4n dloguestpanel ) . (O
Hest and Hes5 are not activated by NB-3. OLN cells
treated 15 with NB-3 for different durations as

i Fidiuecat 89 weré 1yseduandidria@ ligand of Notchl.

(A) NB-3 binds to Notchl. (a) NB-3 co-immunoprecipitated with
Notchl. Immunoprecipitates from rat brain lysates using a-Notchl
and o-NB-3 were probed with o-NB-3 or a-Notchl, respectively. (b)
Cell adhesion assay. OLN cells were seeded on NB-3 substrate and
adhere to it. Adhesion was specifically blocked by a-Notchl or o-
NB-3. # p<0.05 compared with CHL1l; * p<0.05 compared with pre-
immune serum. (c) NB-3 binds to specific region on Notchl. The
Notchl GST fusion proteins or GST alone were used in a GST pull-
down assay from rat brain lysates. The precipitates and brain
lysates were probed for NB-3. (d) Quantification of adherent NB-
3- and mock~transfected CHO cells to the four Notchl GST fusion
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extracted nRNA subjected to real-time PCR (a). The
data were normalized to the mRNA | evel at the

W@ @nn5a3ge point. Ot her cells were treated w tPCPB82003/005329
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BSA, L1 or NB-3 for 48 hours and anal ysed by
real-time PCR (b). (c) OLN cells were transfected wth
Hest or 20 Hes5 luciferase reporter alone foll owed by
NB- 3 treat rrent or wwth caNl construct. 24 hours
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Figure 16. NB-3/Notch interaction upregulates MAG via DTX1.

(A) MAG was upregulated in the co-culture of OLN-93 cells and NB-
3-transfected CHO cells (a). N-~matrix: nuclear matrix protein.
CHO/OLN, NB3/OLN: co-culture of OLN-93 cells and mock- or NB-3-
transfected CHO cells, respectively. (b) MAG mRNA in primary OLs
increased about 24 fold after NB-3 stimulation as monitored by
real-time PCR. GAPDH was used as an internal control. OLN cells
were treated with NB-3 (e), Jaggedl (d, e) and BSA (not shown)
and immunostained for MAG. The fluorescence intensity of MAG was

counted (£f). Data are mean *+ SEM.
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stained for Jaggedl (green) and NB-3 (red). The scale
bar in (c): 30 pmfor (a, b) , 5 pmfor (c) . 20 (B)

wOB03oM3sch accel erates OPC differenti ati on vi BCDGE2003/005329
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Purified Ng2+ OPCs from P7 rat optic nerve (a) were
treated with BSA (b), NB-3 (c) or Jaggedl (d) for 2
days and double labelled for Ng2 (red) and CNPase
(green). Clher ceIIs vvere tgants_feclt e?_wtgrdgé“% ((;e),
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prechldigted rﬁgie]lmu@ebeads coupl ed with NB-3- F¢

fusion protei n FASE NBPST YT °RaYs to confirm the
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t papsfieqiked fela ¢ell sad N ) gygre seeded onto coated
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bl ocki ng anti bodies: a-NB-3 (c) , a-Notchl (d) or
pFEgmfﬁﬂﬂne m&%ﬂﬁk@éioﬁﬁﬁhtalfpQﬂu@ggﬁﬁﬁg%tcﬁg£§h&gégepromotes
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(e), DTX1-D1 (f) followed by NB-3 stimulation or caN1l (g) alone.
Cells were then immunostained for tags (green) and CNPase (red).
The percentage of CNPase+ cells were counted (h). Data are mean *

SEM. The scale bar in (g): 40 um for (a-g).

Figure 18. NSC: Rat brain stems of indicated ages were subjected

to Western blot for NB-3 and Notchl expression patterns.

Figure 19. NSC: NB-3 is a functional ligand of Notchl.
(A) NSCs express Notchl. NSCs were double stained for precursor
marker nestin (a) and Notchl (b). (e) is the merged picture.

Scale bar in (e): 60 um for (a-c).
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the cells were |ysed and subjected to |uciferase
assays (a). Oher NSCs were transfected with pE7

wo cwishEa3sse reporter together 20 with indi cat eRCT/GB2003/005329
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constructs with or without NB-3 treatnent and
subjected to luciferase assays (b). Data are nean SD.
Figure 20. NSCs: NB-3 pronotes OL generation. NSCs
wer e passaged into mtogen-w thdrawn cul ture nmedi um

th 25 sypplenented with NB-3 (a, d), BSA (b, e)
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Figure 20. NSCs: NB-3 promotes OL generation.

NSCs were bassaged into mitogen-withdrawn culture medium that was
supplemented with NB-3 (a, d), BSA (b, e) or Jaggedl (e, f).
After 7 DIV differentiation, the cells were triple stained for
CNPase (a-c¢, red) or B-tubulin (d-f, red), GFAP (a-£f, green) and
Hoechst 33258 (a-£, blue). Other NSCs were individually
immunolabelled with marker antibody and subjected to flow
cytometry. The percent of each type of cells: OLs, neurons and

astrocytes were counted (g). Data are mean * SEM. Scale bar in

(£): 40 ym for (a-f).
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The inventor set out to identify the glial receptor
for F3 and NB-3. Both nol ecul es have a basic

W@ 00yo5238€ conposed of i mmunogl obul i n and fi brp@neBRG08/005329
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type Il repeats. Previous work 25 investigated the

effect of F3/tenascin-R (TN-R) interaction in various

in-vitro nodels (Xiao et al, 1996, 1997, and 1998 all

i ncor porat ed herein by reference). O relevance to the

p st the inventor had denonstrated that the
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tmmhwgoﬂ@m@NQQy&eorcethplwer}% LN (bt Was C ”f'fefg%%
usi rlg no%t ochem stry that these cef I's i ndeed" -
expr s?aﬁojt tchy aﬂd Not 8n2dTh -t hei r surface
(Fig. lc-d). The inventor first carried out substrate
aig;n_lL $L 0%, a s 1o . determine if F3 and NB-3 could be
bi n |%ggpa?l?%g 1snt’ ?lvﬁofng‘ﬁq To do this, the OLN-93
cBld sxiweres ldulleur it 3gNoESh amde NB=t3 opr Gbﬁée{}sel;o from the
SURSLEAL apra) LREpLesent bsence pective
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t| bodj s Jgai nst mthcle %3 s'ugbstrateg an%&}r%des?h I\%%Chlneural
8 Notth2 OCFPES7 IMG- Pymbxamer NyHesilenst ¢ i{Hie CRBase.
substrate was 15 al so reduced when NB-3 anti bodi es
%&219@@%“19 QAN O 3 cells al so adhered to NB 3 and

%1ferase

Iﬁ@?t‘ﬁ?s reduced ceI | ul ar adhesi on. I n addr ti on vvhen
@bhbﬂﬁaéﬂﬁhbsoﬂ@ﬁéﬁdﬂh@&&&&éipgﬁr T2 rﬁg eéggﬂ%ﬁldﬁéland NB-3

underwent a marked norphol ogi ca
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fibronectin fype III repeats. Prev1ous work

1nvest1gated the effect of F3/tenascin-R (TN~-R) interaction in
various in-vitro models (Xiao et al, 1996, 1997, and 1998 all
incorporated herein by reference). Of relevance to the present
study, the inventor had demonstrated that the epidermal growth
factor-like repeats of TN-R constituted the binding site for its
neuronal receptor F3. The extracellular domain of Notch is
composed primarily of epidermal growth factor-like repeats, hence
making it a plausible candidate as the glial receptor of F3 and
NB-3. In addition to this structural factor, the temporal and

spatial location of Notch on the maturing oligodendrocyte in
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alteration in norphol ogy al so occurred when OLN- 93
cells were plated upon the F3 substrate, but only
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i nventor used bovine serum al bunin 25 and CHL1 (Hol m

et al, 1996), another neural cell adhesion nolecule

of the inmmunoglobulin superfanmly, but neither "

substrate pronoted COLN- 93 ceII adheS|on Thi s

S ests that the F3/NB-3. si may constitute a
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l.ysis us anti-F3 and
e R Shoaed THarEne Yo ahi o PRGLER nddgition, when

& Béd?éé]slspfﬂéé? mltaéleésumnﬂarhe¢hlegt hagﬁadlazndndeNBre&t a
ryge O Ol n C Ia S n Nnto

ot TG a0 v & PeRAL G, fOrBar . AdeREEed it

e evadssk t8o“¥'%ﬂ4ﬁﬁofag ¢iepre atdldn elperdtwented most

GBIttC[LkFﬁgJ@n%yaﬁlﬁleﬁﬁanglw%ylﬂgﬁgagnﬁc lsH@@@Q@ﬁ@“ P d,é}t eTﬁ}]ls

o] tions and the bl ot probed 2
BBt L PO R TR o i Ror Lz oFi Ghom iy 85 Thase tore

plated upon the F3 substrate, but only after a longer duration
(not shown). As controls, the inventor used bovine serum albumin
and CHL1l (Holm et al, 1996), another neural cell adhesion
molecule of the immunoglobulin superfamily, but neither substrate
promoted OLN-93 cell adhesion. This suggests that the F3/NB-3

signal may constitute a mechanism that triggers oligodendroctye

differentiation.

Additional evidence for the interaction between F3/ NB-3 and
Notch was provided using the same assay system and blocking
antibodies, but using mouse Notchl-transfected Hela cells instead
of OLN-93 cells (Fig. 1lk-r). In this instance, the inventor noted
interestingly that Notchl-transfected Hela cells were repelled
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| mrunoprecipitation results provide evidence that both
F3/ Notch and NB-3/ Notch interactions may underlie

W b@40sa3smt i on of protein conplexes in the breCNGB2®3/005329
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To allow the inventor to further characterize this
interaction, the extracellular domain of Notchl was
arbitrarily divided into four equal sized overl appi ng

1.5 kb fragnments (Fig. 2e) and subcloned each of them

i frqu nto.p KG ((Guan and Di xon, 1991) for GST
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NL. 4 (Fi g 88 WD 2004/ 052389 PCT/ GB2003/ 005329 2g) .
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icﬁvent g?btﬁen car{ﬁg_e% ogltlg%tC@STtBﬁl%nvﬁmra%as%}}etjoout
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NB-3. The four Notch usi on pro ei ns
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txmm&ﬁ@ﬁé@d;ﬁbl&&elﬂe%uw§ ®Rlated-HRRAcagh d RALyiEyal ¢ on
fJﬁ%gﬁEnS/ Notch interactions may underlie the formation of

protein complexes in the brain.

To allow the inventor to further characterize this interaction,
the extracellular domain of Notchl was arbitrarily divided into
four equal sized overlapping 1.5 kb fragments (Fig. 2e) and
subcloned each of them in frame into PGEX-KG (Guan and Dixon,
1991) for GST fusion protein production. The four protein
fragments were expressed by induction of transformed E. coli. The
inventor's nomenclature for the four Notchl protein GST fusion
protein fragments is N1.1, N1.2, N1.3 and N1.4, proceeding in a
N- to C-terminal direction. Coomassie Blue staining and
immunoblots of the four fragments are shown (Fig. 2f-g). The

antibody to Notchl specifically recognized N1.3 and N1.4 (Pig.
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The results support the findings fromthe GST
pul | -down assay, in that the F3-transfected cells

whoewadsssedom nantly to N1.1 and N1.3 (Fig. 2pQT/aBe03/005329
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the NB-3-transfected cells bound predom nantly to

N1.3 (Fig. 2k). Altogether, these results provide

bi ochem cal 25 evidence to support the notion that

Notch acts as a receptor for F3 and NB-3. The
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t hem by i mmunobl ot ti ng to ascertain the levels of MAG
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ylest a hi s su%gest ed that the F3/R|O

t
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tI%'oS’Nl.B (Fig. 2k). Altogether, these results provide biochemical

evidence to support the notion that Notch acts as a receptor for

F3 and NB-3.

The expression of MAG is upregulated by the interaction between
Notch and F3/NB-3

The above results substantiated the inventor's hypothesis that a
molecular interaction occurs between paranodal F3 and NB-3 and
oligodendroglial Notch as he has provided evidence of their
physical association and also their respective axonal (F3, NB-3)
and glial (surface expression of Notchl on oligodendrocytes)

locations. Next, he explored how this signalling event could be
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20 finding, the inventor proceeded to analyze if a
simlar alteration in nyelin-specific proteins

W@e@wuosae when primary ol i godendrocytes were BOPGBY®d/005329
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instead of the OLN-93 cell line. Therefore, primary
cultures of rat (postnatal day 1 or 2)
ol i godendrocytes were prepared and plated them upon
F3 Fc and NB 25 3 H s fusi on protein substrates. BSA
| pe ster m n) used as a control
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004/052 en
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conzt rol.
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d truction coul d
pEok 2 08 4 BRI SRR R Dt e

t Hee dadorde ept tsB 3/N\d¢tbhlntelﬂa\ztn<g1 @&tsabtt:&hfdnt hm slatmg
ang w%ign%ﬁncoﬁgjﬂ%dz 88 ﬂ%ﬁggd%uﬂe

a arent that if were con |ne to ts'hu poﬁxonaﬁs
R ehitd d@éﬁn’b%if ﬁé?ﬁﬁ%@@s tonarlvzet he 4 ntiedhade, a

151t€elrglﬁabn S h@@liﬁ@@@@hﬁfe r oWO! Ks %Eh?ﬂe&‘m@ﬁ' primary
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oligodendrocytes were prepared and plated them upon F3-Fc and NB-
3-His fusion protein substrates. BSA (bovine serum albumin) was
used as a control substrate. Again, this direct cell-protein
contact strived to simulate the contact between axonal ligands
and glia. Two hours after the cells were plated onto the
proteins, total RNA was isolated from each of these interacting
systems and performed real-time RT-PCR assays to measure the mRNA
expression levels of MAG and PLP. It was noticed that in both the
systems where primary oligodendrocytes were plated upon F3 and
NB-3, MAG expression levels were approximately 8-fold higher than
in the control system where BSA was used as a substrate (Table

I). Message levels of PLP however were not found to be elevated
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i mmunof | uorescence (Fig. 4). Three separate age groups
were analyzed - postnatal days 2, 5 and 14, thus

wW@bdoamns23ge t he axonal 20 pattern of NB-3 di striBPCI/GBRO0BO05329
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be investigated as the aninmal matured. The inventors
could not observe any staining for NB-3 at P2 (Fig.

4a-c), whereas by P5 (Fig. 4d-f), NB-3 could be seen
clustered at paranodes. Fromthis result, the

t d . that NB-3 is |ikel dlffusely
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tXaAEf onrﬁednaezlﬁl:cs: itheraforer ahfl Ylddaknhe Wtth@Bur A o NB-3

r cht er - Landsberg and Hei nri ch,
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per ornmed as descrl
wepatered at paranodes. From this result, the inventors inferred

that NB-3 is likely diffusely distributed over the axonal surface
initially and then translocates to the paranodes during
development to form distinct clusters. Importantly, Jaggedl
immunoreactivity was confined to internodes and was separate from
paranodes (Fig. 4f). These findings suggest that the Notch
receptors on myelinating oligodendrocytes may switch axonal
binding partners from Jaggedl to F3/NB-3 when they migrate along
the axon from the internodes to adjacent paranodes, thus becoming

sequentially exposed to different signals.

Notch is the oligodendroglial surface binding partner of F3.
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pl ated on F3-Fc (F3) substrate in the absence or
presence of bl ocking antibodies. OLN cells adhered

wo e@diospse o F3 (Fig. 6Ac), 20 but not to CHL1-PFCT/GB2003/005329

(CHL1), another neural cell adhesion nolecule (Holm

et al, 1996) (Fig. 6Ad). Adhesion was bl ocked by pre-
incubation with F3 (Fig. 6Aj), Notchl or Notch2

anti bodies (Fig. 6Ae, f, j), but not by pre-i mune

serum or antigen-depleted antibodies to Notchl or
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AfTUBeEY s hefubs gry 7AbYirRvesbat el tsllfndixpates tihddchl and

Neteeh and th3: ¢ adl fraem NMRhgxgs. To identify the
specific sité(s) on I\Io?E(‘:%o for E@ bi ndi ng the nouse
Not chl extracel lul ar domai n was divided i nto four

emuahvesﬂlz;adefiﬁqmeabﬁlci Qﬁlﬁﬁdtcﬁ\nNo]acthcele 'é!&hés?&ﬂ assays

4 d 10 oduced t hem as_reconbi nant
%‘f Egeslf SATSY o% @i §c’é§ ‘%ﬂe‘?ﬁl?? i ¥d 2L¢ F 61 7BRLN cgeliFheere
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d N1. but
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saandE priedoninarntt Byt or dNimhuad N 3or Mekythansfiectgd
gkﬁﬁﬁ§ﬂles to Notchl or Notch2 (Fig. 6Ag, h, i). Murine Notchl
(mN1)-transfected HeLa cells (Logeat et al, 1998) were also used
in cell repulsion assays, another approach to investigate ligand-
receptor relationships (Fig. 6B). mNl-transfected HelLa cells were
repelled from F3 (Fig. 6Ba) compared with mock-transfected HelLa
cells (Fig. 6Bb). Repulsion was reversed by pre-treating the
cells with F3 or Notchl antibodies, but not with pre-immune serum

(Fig. 6Bc). These studies suggest that Notchl interacts with F3.

F3 binds to specific sites on Notchl

To confirm F3/Notch interaction, rat brain membrane samples were

immunoprecipitated with Notchl or Notch2 antibodies.
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did not bind (Fig. 7Cb). 20 F3 and Notchi are not
co-localized in lipid rafts F3 is a surface nol ecul e

woomalszed in |ipid rafts of OLs (Kraner et aPCT/GB2ABB/005329
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To ascertain whether F3/Notch interaction could occur
incis in these mcrodomains, they were isolated from
P15 rat cerebral cortex. Both F3 and Caspr were
detected in fraction 25 5 of the sucrose density
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r abhsiexAlst oget her, these observations suggest that F3
is a trans-binding partner of Notch. NI CD transl ocates
to the nucleus after Notch interacts wwth F3 The
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t KBS éébed‘ﬂ ntheCECN:crbel hstitCelyl ssaerie theaimdewehflioned

didf tg QL€ o e o'aa I sin
Sear i e L ST R e
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| Asdhee@abed | aicn( ki g1 Bdaki, 51 mwiharsdg Jagoedls; i ndyced
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a
raHngvg?fs QEl%SAcfenWrelﬁlnéEb%Jtrl dH9%i t"ﬁir@nﬁﬁ%@my onto
t@lmehﬁlﬁﬁg cb&p@&tw&tﬂltkﬂa’z fokEreshl £d21 antd edYns . Cells

10 not . shown)_ abol i shed
Y Ed§§§%?%£f¥ ans ocat| (?ﬁN&F:? Og}ia’}ran%reéit%@ dife Aells
aﬁ‘ﬂdll ReRensich (FAst EHown), conpounds that inhibit the

menbrane insertion of Notchl (Schroeter et al, 1998),
also prevented NICD transl ocation. Cell t r eat ment

wi 1 AR Age rincenteealicnd B RBidrraigged! | ed

tEB dsSh mdﬁacbnﬁéﬁﬂﬁﬁel Noded iRUE! £AR 16} 4St ofd ngfo(g
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@Lq\zuo;o;@m:tsunedtmaehmecfmmatzas ahedagged| ol apsd acladris

C}ﬁ@ Egkéﬁ%al cortex. Both F3 and Caspr were detected in fraction
5 of the sucrose density gradient (Fig. TD) as reported (Faivre-
Sarrailh et al, 2000). Notchl was found only in fractions 9-12
that are enriched in cytoskeleton-associated proteins (Fig., 7D).
The same results were obtained using adult rat cerebral cortex
(not shown). Thus, F3 and Notchl are unlikely to complex
laterally within lipid rafts. Altogether, these observations
suggest that F3 is a trans-binding partner of Notch.

NICD translocates to the nucleus after Notch interacts with F3
The immediate consequence of Notch activation is the release and

transport of NICD to the nucleus (Schroeter et al, 1998). To
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but not with nock-transfected CHO cells, also resulted
in production of Notch2 intracellular domain (1CD)
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crossreactive with Notchl 1CD (not shown). These
results denonstrate that F3, |ike Jaggedl, can

activate Notchl and Notch2, |eading to subsequent

nucl ear translocation of NICD. 25 F3 iR(SJIuces Not ch

i r | eavage at the S3 site. a
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F3 induces Notch intramembrane cleavage at the 83 site.

As a prerequisite for activation, Notch undergoes RIP at the S3
site (V1744) by the presenilin-dependent y-secretase (Schroeter
et al, 1998; Huppert et al, 2000). To clarify the nature of F3-
induced cleavage, mNotchl-myc transfected OLN cells were pre-
incubated with y-secretase inhibitor and then treated with F3 or
Jaggedl. In both cases, no NICD staining was observed in the
nuclei (Fig. 8Ba, b). Moreover, two S3 cleavage mutants: V1744K-
myc and V1744L-myc, which showed reduced proteolysis and parallel
reduction in activity (Schroeter et al., 1998), were transfected

into OLN cells that were then treated with F3 or Jaggedl. Cells
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investigate this, OLN cells were cultured with nock-,

F3-, TAG 1- or TAX-transfected CHO cells. TAG 1 and
waz2i4msssnenbers of F3 20 subfamily (Tsiotra ePCHEGB2003/005329

1993). Expression of Notchl and Notch2, but not

Not ch3, increased when OLN cells were cultured with

F3- transfected CHO cells (Fig. 8Ch). Real-tine PCR

confirmed that soluble F3 increased mtcglc:c?ndwh' I
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transcripts (Fig. 8Cec), while Jaggedl only upregulated Notchl,
but not Notch2. Thus, F3/Notch interaction may provide a feedback
loop to specifically upregulate Notchl and Notch2.

Oligodendroglial processes alter their morphology upon contact
with F3

To model the scenario of axoglial contact during myelination, the
morphology of OLN processes was studied when they contact cell
surface-expressed F3. Since OLN cells extend longer processes
than primary OLs they are ideally suited for observing subtle
morphological changes that occur during contact. F3-transfected

CHO cells mimicked the paranocdal axonal component. Mock-, TAG-1-
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Del ta, Jaggedi and Jagged2 (Fig. |QAa). Menbrane
extracts of co- cultured cells were i munobl otted for
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very low, if not, undetectable. However, when OLN

cells were cultured with F3-transfected CHO cells, MAG
was upregul ated (Fig. 10Ab). F3-transfected CHO cells

do not express MAG (not shown). On the other hand, in
real -tinme PCR, purified primary O.s plated upon F3
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%ﬁglfteéaprlmary OLs plated upon F3 substrate showed
approximately sixteen~fold increase in MAG transcripts, versus
cells seeded on BSA (Fig. 10Ac). OLN cells showed a similar

efficiency of MAG upregulation (not shown).

In immunostaining assays, mNotchl-myc transfected OLN cells were
immunolabeled for MAG and 2', 3'-cyclic nucleotide 3'-
phosphodiesterase (CNPase), an OLs specific antigen. Treatment
with soluble F3 resulted in a remarkable increase in MAG staining
(Fig. 10Ba) and enhanced CNPase staining (Fig. 10Bd), compared
with Jaggedl (Fig. 10Bb, ¢, e, f£f) or BSA (not shown) treatment.

Quantification of MAG and CNPase fluorescence intensities
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pcDNA4/ V5/ LacZ (LacZ) was used as a vector control
(Fig. 10Cc). Moreover, OLN cells transfected with two
S3 nutants, nyc-tagged V1744K (Fig. | 0OCd) and V1744L
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ngntlflcatlon of MAG fluorescence intensity conflrmed that
Notchl or Notch2 dysfunction, in other words, the absence of
NICD, abolished F3-induced MAG upregulation (Fig. 10cCj),
suggesting that NICD is required for MAG expression.

The inductive role of F3 in this event was further investigated
by introducing into OLN cells V5-tagged constitutive-active
Notchl (caNl) (Fig. 10CE, g) and Notch2 (caN2) (Fig. 10Ch, i),
which lack the extracellular domains and are ligand-independently
active (Small et al, 2001). That is, even in the absence of F3

stimulation, NICD is generated and translocates to the nucleus.
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treatment did not significantly alter the baseline
oscillating |evels of endogenous Hesl transcription
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hours) tines after treatnment (Fig. 11Aa). To

i nvesti gate whet her F3-induced MAG upregulation is
related to constitutive |evels of Hest protein, Hest
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the Ring-H2 finger m)tlf whi ch contributes to DTX
of % g@ﬁ!@lspy%?t’qeowhe’gmer F3-induced MAG upregulation is related to

constitutive levels of Hesl protein, Hesl antisense
oligonucleotides (Kabos et al, 2002) were used to block basal
Hesl protein expression in OLN cells (Fig. 11Ab). MAG
upregulation was not influenced by this treatment or control

sense oligonucleotides (Fig. 11Ad, e, g).

RBP-J is a Notch-regulated transcription factor that can activate
Hes genes (Martinez Arias et al, 2002). OLN cells were
transfected with dominant-negative RBP-J-myc (dn-RBP-J-myc),
bearing a mutation of lysine 218 to histidine, which abolishes
effective high affinity binding to Hesl promoter region (Kato et

al, 1997). Hesl luciferase reporter assay showed that the mutant
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essential step for DTX1 functioning (Matsuno at al,
2002). As 20 previously observed (Yanmanoto et al,
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overexpressed DTX1 inhibited the transactivation of
Hesl by caNl (Fig. |1 Bb). On the other hand, both
DTX1-D and DTX1-D2 restored Hest response to caN
(Fi g. 1le) After transfection, OLN cells were
treat e \'/13 f and 25 doubl e Iabel ed for MAG and
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11Bb). After transfection, OLN cells were treated with F3 and
double labeled for MAG and corresponding tags. Overexpression of
DTX1 had no effect on F3-induced MAG upregulation (Fig. 1l1lBec-e,
1l). Interestingly, MAG upregulation was abolished in the HA-
positive or Flag-positive cells (Fig. 11Bf-1). These observations
strongly suggest that F3/Notch-induced MAG upregulation involves
DTX1.

F3/Notch signaling pathway via DTX1 promotes OPC differentiation
into OLs

The Jaggedl/Notch signaling pathway inhibits differentiation of
OPCs into OLs (Wang et al., 1998). To explore whether F3/Notch
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wer e CNPase+, but these cells were |ess _bifurcat ed
(Fig. 12e, inset), conpared to surrounding

woe4nsassf ected cells, indicating 20 a rel at i R€l/%B2003/005329

i mmature stage. However, CNPase+ DTX-D2-transfected
cells were hardly detectable. Consistent with a

previous report (Wang et al., 1998), caNl-transfected
cells remai ned Ng2+ and al nbst none becane CNPase+

OLs (Fig. 12k), indicating that F3- induced NICD is
sbje%f}afllleﬁl YJ;F‘ P?ébu%%ﬁrﬂéﬁsa&?eﬂef%ﬁr@@t%% purified OPCs
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cent | 3 d I ul e
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speei ENasetar ket st:herseumnd aﬁeatle%QObiNE%Q)edf QFig. 12e,

ct ocer br os Gl - for,. .
rl%léE ES &Eflf%ﬁg% ’ur]r réaﬁs/lfea%fie geﬂ)f%)'t el]-nﬁllcatlng
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Qﬁlﬁ_brﬁ@ﬁ ﬁq'&@&l@rﬁe)éeﬁ'é%ﬂ‘s CS%Q{set%%%dwN% 3, é)l}@x_flsmgss report

e ression in rat brain stem devel opmsnt wa
(r‘i\%é‘gt?baﬂled B3P 8 e seBt ntusnefecitshpat by WamEARES NOGB- 3nd

expoessi@fe stasdednbhos Khé, (Fig. 12k), indicating that F3-
induced NICD is specifically required for accelerated OPC
differentiation. These results demonstrate that F3/Notch

signaling via DTX1 promotes OPC development.

NB-3 is located at the paranode

Central to the inventor's aims is the characterization of an
interaction between an axonal ligand and an oligodendroglial
receptor at the paranode, acting as a stop signal to prevent
extending oligodendrocyte cellular processes from impinging upon
axonal domains destined to become nodes of Ranvier. The first
step was to demonstrate the identity of the axonal ligands. Among

the potential candidates, there is F3 which exists as a complex
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reached a pl ateau between PO to P21, and declined
afterwards (Fig. 14Ad), which parallels the tine

w0 e@aws389 OL devel opnent, as nmarked by i ncr eaB€dGB2003/005329
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expression of MAG These observations 20 indicate that

NB-3 is a neuron-derived nol ecule. These results

suggest that NB-3/Notch signalling nay play certain

roI es in nultiple phases of CL devel opnent. However,
NB- 3' s exact | ocalization and physiol ogical role has
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F3/contactin and TAG-1, two members of the F3/contactin family,
locate specifically at nodal, paranodal, and juxtaparanodal
regions (Girault and Peles, 2002). In particular, the paranode
flanks the node of Ranvier and forms the adhesive site for
axoglial junctions, which is crucial for initiating myelination
and stabilization of myelin loops (Girault and Peles, 2002). To
explore the role of NB-3 in axoglial interaction, NB-3
distribution was analysed along myelinated axons. Double
immunofluorescence staining was performed by using monoclonal NB-
3 antibody, which does not cross-react with F3 (not shown), and

polyclonal antibodies against Caspr or sodium channels on adult
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could interact wwth OL-derived Notchl.
| mmunopreci pitati on assay showed that Not chl

w@xaonasaB ul ar domain (-190 kDa) was detect ed PCTIGB2003/005329
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NB-3 anti body-precipitate fromadult rat brain

menbrane 20 extracts while a Notchl

anti body-precipitate contained NB-3 (Fig. 15Aa),

i mpl ying the existence of NB-3/Notch conplex. OLN 93

(OLN) cells, a permanent cell line resenbling

neitarr Pﬁ@”ﬂ%e’(“ﬁ%‘mtélal tarrdsbetensandiorei Hratc NB-199@r lapped

WeSxQ cUSEayilth C@Jsﬁr ARSI MBASFAYS: flanked nodal sodium
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a%aynédMCbﬂpoﬁHrﬁ:l fay| ysabesliddmunn bt tE‘BVga%p%ﬁlplex on
1NB:3 associated only with 35 N1.3, a region
ﬁt ajlu}ﬁn Eﬁa—nrepeats 22-34 (Fig. 15Ac). The 102 WO
2004/ 052389 PCT/ GB2003/ 005329 specificity was

cepfbryed wng{]ﬁ,ngkisgg %@SNNL%H NB- 3- transfected
CHO cel |l s pl ated upon i ndi vi dual reconbi nant

f CagRRntts BéBﬁ%‘SS&P@dEﬁ?fﬂdﬁt pyd tapeNtf8e (IRicgti¢BAtring OL

V\ﬁbk&rm% transfeated v@@olﬁgﬂétgﬁdlrnqﬁtlnghﬂg whether NB-3
ge&hernélC these results 5 sul\i%ort t he concept "t hat

*FRGard 1of CROTTCHIVEINE ot EFYTPEF&ER tGivion assay
i rsdunas ﬂﬂlaﬁmdilittﬂileaﬁttafcﬁﬁlshﬂ)@ﬁtdoﬁﬁlhn QAN xegl I@SUg@aected

bi;ndi it t he core Si n chani s

Ilg Iﬁ% ?nl\c/o p e gL PR e(efi T ra%%%ﬂlb %r’fngﬁ’?brf §?%e
(RFP}a%ﬁ‘S whelesaa NS?ItFél agtiibhdy-alreaspst NeCBohhd mech@B-3  (Fig.
nli@k@)u, 1&@@9&‘{’@%@{ @I{lﬁj.encelgxg% 37191)@&' %hﬁlﬂ?etoti?rr% (OLN)

NB-3 is a functional |igand
t FEhSsFecdt BB R tnpelt a]glg’édr?%ﬁﬂlbllléﬁgﬁ#qmageol‘&)t (@fFhter-
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qulgu 5\;l,r 5%3%-35 o' SACH.&\IFI g 1515620 reandd Notchl on the
i Mnostai n g%mjvﬁ K LEPRrbod) © presse tehl
surface (not shown). Cells adhered to the coated NB-3 substrate,
but not to CHL1l, another neural cell adhesion molecule (Holm et
al, 1996). Adhesion was blocked by pre-incubation with NB-3 or
Notchl antibodies, but not with F3 antibody or pre-immune serum
(Fig. 15A8b). The same results were obtained by using Notchl-
transfected Hela cells (not shown). To map the binding site(s) on
Notchl, four subcloned sequential equal-sized portions of the
mouse Notchl extracellular domain, labelled as N1.1, N1.2, N1.3,
and N1.4 were used in a GST pull-down gassay from rat brain
lysates. Immunoblotting showed that NB-3 associated only with
N1.3, a region containing EGF repeats 22-34 (Fig. 15Ac). The
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(Logeat et al, 1998). Both NB-3 and Jaggedl, but not
BSA, induced N CD to concentrate in the nucl eus.

wORiogl5238G- anti body targeting EGF-1ike repealPGI/GB2003/005329
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Not chl prevented NB-3-induced N CD nuclear clustering
(Fig. 15Bd). To study the properties of NB-3-induced
20 NICD rel ease, OLN cells were pre-incubated with
y-secretase inhibitor before exposure to NB-3 (Fig.
15Be edI not shown In both cases, nuclear
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I_Iﬁas.zjeovg?s C!L"l{lc Ef{éasc%:ansfected with two S3 mutants: myc-tagged
V1744K and V1744L which abolished S§3 cleavage (Schroeter et al,
1998), successfully prevented NB-3- (Fig. 15Bf, g) as well as
Jaggedl- (Fig. 15Bh, i) induced NICD nuclear translocation. In
Western blot (Fig. 15Bj), c-myc antibody precipitates from either
NB-3 or Jaggedl-treated V1744K-myc or V1744L-myc-transfected OLN
cells could only be blotted by NICD antibody, which also
recognizes intact Notchl (~250 kDa) (upper panel), but not by
V1744 antibody, which only recognizes released NICD from the S3
site. In contrast, mNotch-myc transfected OLN cells generated
NICD (~120 kDa) that was blotted by V1744 antibody after NB-3 or
Jaggedl treatment (lower panel). Together, these results
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15 reporter assay (Fig. 15Cc) was used. Neither Hesl
nor Hes5 was activated by NB-3 treatnent, while

w@egn5a3ed i ve-active Notchl (caN) (Small et BECT/GBR@®I)N05329
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activated both luciferase reporters, indicating that
NB-3 did not activate Hesl and Hes5. 20 NB-3/Notch
interaction upregul ates MAG via DITX1 The effect of
NB- 3/ Not chl signalling in nyelination was further
GFI ored. The nenbrane extracts from co-cultured OLN
TR EAFeINBRBE Wi SrbeuqecaNst erdds EHDreakEst Witehl RIP
|rmiuranblsﬂtsadefor MAG, a hallmark of OL maturation.
MAG was upregulated only in OLN cells 25 cultured with
NB- 3-transfected CHO cells (Fig. 16Aa). Real-tinme PCR
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i $nessdrinigathd oNB-MAG diploegatatiaas. 7OBr Imidnddsed MAG
upregul ation involves DIX1 10 To identify the
transcription factor involved in this event, QLN
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fgallmark of OL maturation. MAG was upregulated only in OLN cells
cultured with NB-3-transfected CHO cells (Fig. 16Ra). Real-time
PCR showed that NB-3 increased MAG transcripts about 24 folds in
primary OLs from P5-P7 rat cerebral cortex (Fig. 16Aab) .
Immunostaining showed that in response to NB-3, mNotchl-myc
transfected OLN cells produced a 2.5~fold increase in MAG
staining (Fig. 16Ac, £), compared with Jaggedl (Fig. 16Ad-f) or
BSA (Fig. 16Af). MAG upregulation was blocked by pre-treating the
cells with Notchl EGF antibody (Fig. 16Af). To study the role of
NB-3/Notchl in MAG upregulation, OLN cells were transfected with
dominant-negative Notchl (dn-N1) (Small et al, 2001) that lacks

the intracellular portion but still can bind to extracellular
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15 oligonerization of DITX1 (Fig. 16Bf, j, k): DIX1l-D1
(Yamanoto et al, 2001) and DTX1-D2 (lzon et al,

wQ@e®2)ps238es|l | uci ferase reporter assay confi rPe&EdGBR@®3/005329
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validity of these constructs in OLN cells in that
dn- RBP-J inhibited Hest transactivation by caN and
the conpetitive binding of DIX1 to caNl al so affected
this, which 20 was restored by DIX1-Dl1 or DTX1-D2
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at the pgran\c?g l@ i% § " Touggediat sbe phile@ion of
H@élj laa@aalpwane@lacalndnlmwrcﬂmﬂe (csepay aiﬁdinf—R@mJ (Fig.
Q%ﬁvoﬁjﬂi nN% §f£4:dthBlzp_‘)nduce<\:(ebB%GI I&;e)red§§fa ?.%rel oSlmllarly,
DT?(% transfected cells (Fig. 16Bi, green) responded to NB-3
stimulation. However, the dysfunction of endogenous DTX1 by DTX1-
Dl and DTX1-D2 (Fig. 16B3j, k, green) abolished this event,
indicating that DTX1 is involved in NB-3-mediated MAG expression.
Thus NB-3 may activate the Notchl receptor and release NICD,

which recruits DTX1 during myelination.

NB-3 developmentally clustering at paranodes promotes OPC
differentiation via Notchl/DTX1 signaling pathway
Since NB-3 is expressed from E17, it is conceivable that the two

pairs of interaction: Jaggedl/Notchl and NB-3/Notchl may coexist
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expression (Wang et al, 1998) after P6, the inventor's
15 observati ons suggest that the bal ance between these
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| ater stage of OL maturation, in other words,
NB- 3/ Not chl interaction predom nates to induce OL
maturation at the CNS paranode. To attest this
notion purified OPCs fromP7 Wstar rat optic nerve
g 17Ba) 20 were treated with BSA, NB-3 or Jaggedl
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celd:®sskhbe aldngodendr o 0 V\het
%ﬂ?,r/ Not ¢ hl Q\f ntg[erggc‘fbiJr o%g%g)sa SO |%%/ol Ed TR ox's
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S@&Héﬁﬂ?%lﬁu@@%ﬁ%sﬁh@tf Formbidanad k@ﬁ@ﬁ’ﬁ&ﬁﬂ@e( NoCairs of

th&eﬁadev@mrﬂﬁ@nb@ld@&%@é@ld@l@lﬁet&% fﬂﬁt gg anOL
I nv Stl%ﬁted Wést ern | ot 0 rat

san%]ratlo?’(oméld Ratt W5GER- %3éNgF@l|\|ép§ﬁfpaq,@pg predomlnates
ebpriagsed Git menbrqmmnCadaynelENé EdaHandBd. &b -2RLUPL ;s

IRELeas fl re a_maxi num | evel between
p{)bgt ﬁgt lﬁ“fg%d %’éé]f Cgﬁ%f‘ﬁ’ﬁiﬁ FAkh PRI CEr8. potigs 17Ba)

tv%?rteh*ér?ﬁ“i?@l Wlehfﬁfsd’nerﬂ ald Jedesntr dgk| Dgﬁfy@Shﬁdfﬁ}Qm

Nﬁﬁ&néfbﬂlne@@kor rQ% 3 I gﬁ?gén%r%ﬁltéldgy 93 CNPase

Cc The expressi on of 'Not
'\kr%rrﬁﬁ%)f’l UbrEEEENTe "HEeT stFidi eH7Brer - %ws&ahw@ntmg
tdhiogegt ticht WBF® prsmbat@bHd @M ferentiation into CNPase-
positive OLs (~75%), compared to BSA (~50%) or Jaggedl (~0%)
treatment (Fig. 17Bh). To further confirm the involvement of
Notchl and DTX1 in NB-3-promoted OPC differentiation, OPCs were
transfected with dn-N1 (Fig. 17Be) or DTX1-D1 (Fig. 17Bf) and
treated simultaneously with NB-3. Double labelling for tags
(green) and CNPase (red) showed that introduction of either
construct significantly blocked NB-3-promoted OPC differentiation
into OLs (Fig. 17Bh). And consistent with the previous study

(Wang et al, 1998), caNl-transfected OPCs remained
undifferentiated (Fig. 17Bg, h).
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15 enbryoni c day 14 BALB/ c nouse enbryo striatum
(Arsenijevic et al, 2001). These cells expressed

WO paoaosa3sd ate fil ament protein nestin (Fig. I1BEHEB2@3/005329

10

15

20

25

30

progeni tor marker, and Notchl (Fig. 19Ab, c). To
confirmthe NB-3/Notch interaction previously

observed, NB-3-Fc fusion protein coupled to Protein A
beads was used to precipitate 20 binding partner of
NB-3_from NSC nmenbrane extracts. The precipitate was
pOET NP BieR1edndi Vi Redthkl atitrbbe\difEegenttdRBa). of

FembhesniPRetfdl RtahncdBndbsanse &
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CQzi, %BI{:gfI%Itat ed. Moreover, cell adheS| on assay
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ppestmubaaapm qbocelds 2W Lkbl B- 3

}:é beodl eSlJ(_ Fof% 19Bc, Q N hg(\gl\l;ll ﬁ?})&gggponds tg the time
serum (Fi g-td @g)rongﬂr?€§§e%%%dﬁr§§ BT dBdgatid)t-hat
NB-3 is a binding partner of Notch. 107 WD
23644 052389, fg 2003/ 90?329 Cs: NB-3 induces N CD

nucl ear transl ocat| on RbtNotebti vat e Hesl
NOR e IB*REE F i of bgtdhlgandNEmsnd[yngmmﬁqoﬁfea&ws%énby MSCD

ng@dcﬁ_@@ nbf@ansiQc C er gt al , 1998
! nvent or st udi gg ﬁéd\/\%ogtségr% %B Nt Rar et T ar lSE%T‘l%‘i?m

€31¢ oAy 160%%34%m0\d%%®ﬂ@§90tstmIBthstAmlnaﬁem et al,

|IOdIaS beese aksesvad 2bove ithatn NBa13 kD HEES Brotein nestin
%ec F?se de endent NI CD nucl ear trans ocatl In

" Pn 5 FEETEAt W 1 - ¢ At NoEGRY, (Fisrg8ab,
t¢qqﬂl@mstbﬂINBﬁQ/B$MﬂNEdnt&&ﬁctNBn3pﬁd#$@hggﬁtoﬂy;r@@&t'Nﬁ 3-Fc

(g{ ) [ 10, r sulte in NICD clustering
R PR MRS 57 Cr SRt By “eosthatedapme etipi tate

s%ﬁ Pﬁgpa(vdqn@é)o( By 3 IQ@a)NSCV\inenﬁ:l’raMSestfHdtar t10s

Jgﬂ@@: l'L §‘t§ l 1 w C an l
lﬂ% tl;elggteré mtéh?%é%\r}egtgh 1?130%@991 J)l-tI%MIﬁg@ %1St rJ%QE)%Jl af%

B3) s pBidi fiecal Py ot BFak @ewowm\@%hacttso wefect
tiypucaprddiCtaded @Rling NB-3 antibody and blotted with Notchl

antibody and vice versa (Fig. 19Ba). Western blot showed that NB-
3 and Notchl co-immunoprecipitated. Moreover, cell adhesion assay
was performed by plating murine Notchl- (N1) and mock-
transfected Hela cells onto NB-3 substrate ccated proteins. N1-
transfected Hela cells adhered to NB-3 (Fig. 19Bb), but mock-
transfected Hela cells did not bind (Fig. 19Bf). Adhesion was
prevented by pre-incubation of cells with NB-3 or Notchl
antibodies (Fig. 19Bc, d), but not with pre-immune serum (Fig.

19Be) . These studies corroborate that NB-3 is a binding partner
of Notch.
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15 transl ocation. Another prom nent feature of classic
Notch signalling pathway is that nuclear N CD
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(Martinez Arias et al, 2002). Thus the Hest _
l'uci ferase reporter assay was utilized to investigate
whet her NB- 3-generated NI CD could activate Hesl. The
results 20 showed that 'NB-3 did not upregul ate Hest,
while either Jaggedl or constitutive-active Notchl
(8RE) NESHairdutesaNICDopmleact nmmsddoaties] bas depeabed
(BegivdiDaks1 As i Ncreasi ng evi dence showed t hat

DTX1) is another Notch downstream el ement
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a%e&leﬁB éuc BS Heﬁcgfnea) M‘E@AneFl Z@rlazso@t @9 Z@pZ)Jag]gedl the
(HEisg. lQ@Eferfa)se T rteel h§say| @@Qt%éllﬁggg%’tm%‘ifgﬁ%?

i f, oSt al ne or
E:mﬁlsg;gggolﬁ 3 ggh a?‘«%ed%%? %Té];bj; o?.]cattlvafe Iﬁ%?lkeﬁ'he results
(s@otwggup}pcﬁ: (Nprg diZDaot , upediyl aaa dicast, r eyt eﬂaﬁgﬁmaggedl or

I
5;251:;&%;&}9?6%@@18\% I\%E@ﬁg)a%c&-leﬁgf %@li t;rgn’gmgg a activated

ér 3f|edﬁ)ecéﬁdt Hd 9ot hgpa) hafd, increasing evidence showed that
Deltexl (DTX1l) is another Notch downstream element (Yamamoto et

al, 2001), the impact of NB-3 on DTXl-mediated Mashl
transcriptional activity in pE7 luciferase reporter assays was
studied (Fig. 19Db). Consistent with the previous report
(Yamamoto et al, 2001), DTX1 inhibited Mashl transactivation of
PE7 reporter. However, NB-3 treatment mimicked this inhibition
partly, which was abolished by one DTX1 deletion mutant, Flagged-
tagged DTX1-D2 (Izon et al, 2002) that lacks the domain 3, Ring-
H2 motif which is required for functional DTX1 homodimer
formation (Matsuno et al, 2002) (Fig. 21c¢). These results suggest

that NB-3-generated NICD may mediate DTXl-related transcription
events.
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conpared to BSA, NB-3 had little inpact on
neur ogenesi s, while Jaggedl inhibited this as
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confirmed these observations in that NB-3 induced a 2-
fold increase in OL generated, conpared to BSA
treatment, while Jaggedl inhibited OL devel opnent
(Fig. 20g). NSCs: NB-3/Notch signalling pathway via
DIX1 instructs 20 oligodendrogliogenesis To confirm
t NECF nJBT veREMetss Rotdsmerprpiai s event, NSCs were

tGamérf athedcmd tdkpY5sagged SovH Rans J}ﬁg%tm NaLGhh et the
et. al, 2001). do-Nl lacks t
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to the Second Aspect of the Invention
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| ewent oz0dias wdent ifaced end unetienal,:ap! &adiadr but can still

iggﬂ%r%gt%ﬁg]extracellular ligand. The Hesl luciferase reporter
assay showed that dn-Nl1 failed to respond to Jaggedl treatment to
activate Hesl (Fig. 21h). Mitogens were then withdrawn and NB-3
added to the culture medium. Double labeling for V5 and CNPase or
GFAP showed that dysfunction of Notchl by dn-N1 abolished NB-3-~
promoted oligodendrogliogenesis, while favouring astrocyte
formation (Fig. 2la, b, i). To further investigate whether DTX1
participates in NB-3-induced OL formation, NSCs were transfected
with Flag-tagged DTX1-D2 (Fig. 2lc). Hesl luciferase reporter
assay confirmed that DTX1 inhibited Hesl activation by caNl while
DTX1-D2 restored Hesl elevation by caNl (Fig. 21h). After

differentiation in the presence of NB-3, NSCs were immunostained
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bet ween Notch and F3/NB-3 at the paranode, a vital
site for axoglial signalling in nyelination. A new

wazoamas23sgadhesi on 15 nol ecul e - NB-3, has been poDaBrmam05329

to the paranode. This interaction may regul ate the
differentiation of the nyelinating oligodendrocyte
duri ng axonal ensheathnent and act to prevent
put ati ve nodes of Ranvier from becom ng invested in
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The data designates the adhesion molecule F3 as a new functional
ligand of Notch. F3/Notch interaction induces the generation and
nuclear translocation of NICD and elevates Notchl and Notch?
expression. It promotes OPC differentiation and upregulates MAG
in OLN cells and primary OLs, thus revealing a potential
regulatory role for F3 in OL maturation. Thus, ligand-specific
Notch signaling via Jaggedl as an inhibitory factor and F3 as a

positive instructor may regulate myelination in a coordinated
fashion (Fig. 13).
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support of the notion that glial Notch could act as
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shows through co-i munoprecipitation experinments and
GST pul | -down assays that these nol ecules physically
interact. Furthernore, he has identified two regions
20 of F3 interaction (N1.1 and N1.3) in the
eéﬁ g\fr domain of Notchl, one of which (NL.3)
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dual site F3- Notch interaction (resulting in cell
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This study proposes the presence of a molecular stop signal to
prevent mature myelinating oligodendrocytes from encroaching upon
and myelinating putative nodes of Ranvier. The inventor has
direct evidence of oligodendroglial processes emanating from OLN~
93 cells terminating and spreading over the surface of F3
transfected CHO cells. The molecular basis for this signal is an
interaction between F3 and Notch. In support of this, adhesion
assays using OLN-93 and Notchl-transfected HelLa cells cultured
upon a F3 substrate demonstrate that cellular interactions are
disrupted by specific antibodies against the proposed ligand-

receptor pair. Together with previous morphological data that
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site NB-3-Notch interaction (nediating adhesion).
OLN-93 cells 15 plated on NB-3 undergo a rapid
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ultimately leads to a flattened sheet-1i ke appearance
of the cell body, possibly representing a
differentiation step in the nulti-phase process of
nmyel i nati on as the oligodendrocytes prepare to

ensheat h contacti ng axons. 20 However, the conmmon
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levels.

Different ligands signal to glial-derived Notch to co-ordinate
myelination

The complex nature of myelination demands a co-ordinated, dynamic
series of axon-glial interactions which are likely regulated by
the temporal and spatial distribution of trans interacting
components. One such regulated interaction involves the
interaction of axonal Jaggedl and oligodendrocyte-derived Notchl
in rat optic nerve (Wang et al, 1998). Notch receptor activation
by Jaggedl inhibits differentiation and promotes migration of
oligodendrocyte cellular processes along the axon. In an optic

nerve model, Jaggedl is downregulated with a time course that
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the ensheat hing process. This ligand switch nechani sm
may al so underlie a phase transition from
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an axonal inhibitory signal to subsequent maturation
into nyelinating cells. Spatial regulation of
nmyel i nati on may be achi eved by the clustering of

nol ecul es al ong the axon. Clustering of sodium 20
channel s has been described (Salzer, 1997). In the
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hesigira t soiggiest hhatiBidgale30s. undergoes a simlar
clustering process, as it is barely 5 detectable al ong
P2 axons but fornms distinct pairs of bands
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d?ﬁnﬁoﬁ§ ?ﬁﬁh Pgﬁd?mﬁ£§etoCaspr spiral”, on either side of 1t
(Pedraza et al, 2001).

Oligodendrocytes themselves appear crucial in promoting paranode
formation through directing molecular localization. FIAU-induced
ablation of oligodendrocytes in MBP-TK led to mis-localization of
Caspr (Mathis et al, 2001). Significantly, the few myelinating
oligodendrocytes in the MBP-TK brains were associated with focal
clusters of Caspr close to MBP-positive domains. In jimpy mice,
spontaneous degeneration of oligodendrocytes and mis-localization
of Caspr occurs (Mathis et al, 2001). The inventor's previous
work has also shown in re-myelinating peripheral nerves how F3,
initially diffusely distributed along the demyelinated nerve

fibre, becomes clustered at the paranodes by the effect of re-
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a "dose effect”, in that nolecules that were once
sparsely distributed becone packed together in highly

waletgesands. Only 15 the concentrated axonal PCTE&BE003/005329

10

15

20

25

30

35

may productively signal to glial receptors to achieve

the "stop" effect, explaining why stop signals are

not prematurely activated at the initial phase of

axoglial contact when the axonal nol ecules are

diffusely distributed. In this way, clustering could
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1ts lateral tips, its motor engine started (oligodendrocyte
differentiation triggered by downregulation of Jaggedl/Notch
inhibitory signal), heaping up larger and larger mounds of earth
as it progresses forwards (clustering of nodal and paranodal
molecules) and then braking to a halt via an in-built feedback
mechanism (clustered “high dose” F3 signalling to

oligodendroglial Notch) .

A number of studies have addressed signalling mechanisms that may
play a part during myelination, such as the roles of neurofascin

(Martin-Collinson et al, 1998) and N-cadherin (Schnadelbach et
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nmol ecul es may also contribute in a significant
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signalling mechanlsms may exist (Coetzee et al, 1996; Bosio et
al, 1998). As this enzyme (UDP~galactose-ceramide
galactosyltransferase) is required for galactolipid synthesis,
lipid molecules may also be crucial regulators of myelination.
Further work to define the configuration and components of the
axoglial junction will no doubt help create a knowledge base from

which it is hoped that meaningful strategies to promote re-

myelination of the damaged CNS will arise.

This study also reveals a new facet of Notch signalling - the

existence of F3 and NB-3 as signalling ligands. These neural cell
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gliogenesis (Mrrison et al, 2000) and has been
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1996), haematol ogi cal nmalignancies (Ellisen et al,
1991) and fam lial stroke syndromes (Joutel et 15 al,
1997). Notch is also unique as one of a few proteins
that wundergo regul ated intramenbrane proteol ysis
nmast er, 2000) The nodul ation of these processes
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@onew, paradingNexact role of this complex remains to be further
characterized. Herein the inventor defines a novel ligand-~-
receptor interaction between ﬁB and Notch. Cell
adhesion/repulsion assays and biochemical approaches demonstrate
that Notch .and F3 are binding partners. Further two extracellular
sites on Notchl for F3 binding have been identified, namely, N1.1
and N1.3. The former contains the EGF repeats 11-12 involved in
DSL binding (Rebay et al, 1991). F3 is also expressed on OLs
(Koch et al, 1997) and transduces signals to glial intracellular
Fyn which then interacts with Tau protein to mediate myelination
(Klein et al, 2002). Since soluble F3 is sufficient to trigger
F3/Notch signaling and the lipid raft assay demonstrated that

Notchl is not localized to the F3-enriched fraction, F3 may not
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10 of signal transduction that potentially adds
unforeseen diversity to the signaling repertoire of a

w@eios/048BRY nu and Yankner, 2002). As w th DSL,PC€Ti6B2003/005329

i nventor has shown that F3 binding triggers Notch

I ntramenbrane proteolysis at the S3 site and nucl ear
transl ocation of the resultant NICD in OLN cells. The
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G | ation. On the_other hand,
P MK o TBE I YR S0e oI REROHIG: PG e

frAgROnPoPRf the lvalli sndfade spehsabb esfanmihheifmebhomuity .
of functional honodineric DTX1 (Matsuno et al, 2002),

Rrevent bot h F3- pronoted OPC
possible model for F3/Notch signaling via DTX1

Given that F3 and Jaggedl share a common binding domain on
Notchl, Jaggedl downregulation that occurs prior to myelination
may act to permit the alternate interaction of Notch with F3. In
OLN cells, both Jaggedl and F3 trigger y-secretase-mediated and
S3-directed release of NICD followed by its nuclear
translocation. Moreover, caNl transactivates Hesl, which is
blocked by co-expression of dn-RBP-J-myc or DTX1. Thus it is
conceivable that F3-induced Notch intracellular signaling is

associated with RBP-J. However, only F3~induced NICD, but not
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10 differentiation and MAG upregul ation. Thus it is
proposed that a switch in |[igands may alter Notch

WO paon/asa3B ul ar signaling effectors (Fig. 13).PdreB2003/005329

bi ndi ng of different |ligands may induce the formation
of distinct Notch conformations. Such confornmational
alterations could result fromdifferent, albeit 15
over |l appi ng, regions of Notch recogni zed by Jaggedl
and F3. Notch receptors with distinct conformtions
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Jaggedl/Notch signaling contributes to maintaining OPCs in an
undifferentiated stage (Wang et al, 1998). The failure of
efficient remyelination in multiple sclerosis (MS) has been
partly attributed to the activation of OPC Notch by astrocyte-
expressed Jaggedl (John et al, 2002). However, Jaggedl expression
sharply decreases from around P6 (Wang et al, 1998), a time point
concurrent with the onset of myelination and the clustering of
axonal F3 at the paranode (Kazarinova-Noyes et al, 2001), an
ideal position to interact with Notch receptors on the surface of
newly formed OLs. Mutant animals, in which Notchl is selectively

ablated in OPCs (Genoud et al, 2002), are characterized by
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spread over the surface of F3-transfected CHO cells,
an event 10 related to the upregul ati on of

worp@iiosedgpeci fi c proteins, such as MAG and CNRaBE6B2003/005329

Upon Notch interaction with either imobilized or

soluble F3, MAG a specific marker of mature CLs, is
significantly upregul ated at both the protein and nRNA

| evel s. MAG upregul ation can be bl ocked by

doni nant - ne atlve construct of 15 Notchl, Notch2, or
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nou enous oinitiate

\l’:%e}l:%k’g{acgﬁo[)%%f u%reggh cgn [?gt %]yln_ﬁﬁeNBf:gz jPEoke gy such as

dBrsend Ueasef Tiver pIatahnadﬁlerafﬁmnt eetlureeltﬂa@ immobilized or
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Cé?ﬂ%toié‘cﬁj O[OIAQf %?gfg@tﬁg gl)érooc s% e&’sphéﬁorrenon

stem devel opnen
y%‘lgntlﬁjecarﬁﬂlécwlaﬁguléé?@l dts bofhtties pppt)@nessmﬁemmm levels

Ul &ﬁfegLﬂﬁaﬁbnf({a@ﬁbEh&_&ﬁgHﬁmQlomlﬁglfﬁy eg%tlv conlstruct of
a redistribution of axonal

oc%ﬁgg {N(;% %‘%’at% drEF makemeal cdoRBXhs Thesehebsmtvakions
11910 20041 052388 uPLT! GB20081 Q0533 InoNar \é@rqﬁapmg v1B€rx1
nehgculgr architecture of the various axonal donains
has been ‘extensively reviewed (Mrell and Quarl es,

1999; Arroyo et al, 2000; PeI es and Sal zer 2000;

@ﬁn!;&ﬁqmﬂ:@z Nefy t}:ac%ﬁ elEeVe%&% eé) face{]st Y&gﬁcﬁ‘f tshgr?allng

ar anode i ncl ude axonal associ a
%85]?‘%%’ nUEB’bearGft&i’fFFyormHYeéal é?oteésp;gr}azm@g via DTX1

Obhgﬂd&l&dtsgﬂ)diﬂlcﬂﬁ&l{@fl%s@t NaalRe ot Nes léé)ouﬂ?l !%Sr ?ﬁl@:ing
200 Tai t %OOO Studi es of F3-nu

Ri gg?l ﬁ’tyefzénar tﬁ PERAGRrisepRer s el Resi Binsfiphing to
awaJltapPépqi)aﬁf&trestieitﬂolﬁe1nto OLs. Hence, this finding may
prove to be an efficient molecular handle for promoting
remyelination in degenerative diseases, such as MS, by creating
an environment in which Notch predominantly interacts with

endogenous or exogenous F3 to initiate the F3/Notch/DTX1
signaling pathway.

NB-3 is a new constituent of the paranodal architecture

The construction of a myelinated axon during nervous system
development is a well-orchestrated phenomenon, yet the molecular
details of this process remain unclear. Apart from.the segmental
nature of myelin ensheathment, a redistribution of axonal

molecules occurs to create distinct axonal domains in the mature
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peri pheral nervous system (PNS). Prior to their death
by 10 postnatal day 18, the nutant mce have an ataxic
w@hb®aospge with hindlinb weakness, attri butedP@DGB2003/005329

def ecti ve connections involving cerebellar
i nterneurons and to reduced nerve conduction velocity
and excitability (Berglund et al, 1999; Boyle et al,
2001) The latter problemw th nerve inpul se

nduc | on refl ects 15 abnormalities in axoglial
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'Qg@e ha usters and co | ocalizes
b@jll% gtr Qg%g’ﬂ%\ﬁcﬁg e%ndf\lr om ?é“cteg BOLNS Kegguction velocity

@é‘fit %’F‘i’ﬂt)i‘bléﬁ*@ge@telrﬁgummeetl Rkehood; obojlte bei BY, 2001). The
S.Ialﬁtéﬂrﬂr)ébh.@ﬁa/ht%eQek@e tlrﬂ@uigge P&%du@@l%n %legit &L I ng at

Pm g&Nﬁgﬁ par anode pronotes maturation

Srrgbterdr6e vt aﬁP@észdﬁmééwrs fipirma Notre HhDey ¢ Exdated

$>Egn1didnaﬂgne:p<&t h\(ﬂ@MSﬂ-Q&n\eowg@Q‘H %é@ao’l%al function of F3,
e above study has

0
O %h ?\igl es lﬁ‘éﬁ'}%qnggé%/‘ﬂ%&n %|té1@u|aéog i@ lgjunction
ﬁaﬁc@q@@ahveieligawdpoftl\doi chkpr Act |cmg @sldangpla&iﬁler of F3 to

t m a O t ste 1 Ng at th
e o] (L NED 200 BF S via mipeantr
FF?WSH\E?WBTX& 1sihlgﬁaifrh|ngtpatH’T;waayt,tanml:]|rﬁ:ﬂte points to
ph@@iv@&v&’&tdbfff LR 'p@&hg&aﬁngloge'cul%%grl;r:%h Qs t3 being one

c 2 $ n%el |lnat| on. NB- 3/ ch si Ing via

SRPOUTT bt S1ARPIET el B T bR ehieatieur af NB-3 in
SherﬁNSelllssmmto@nol 190odRNANOOYS-8Sis expressed in the olfactory
bulb, layers I, III and V of the cerebral cortex, piriform
cortex, anterior thalamic nuclei, locus coeruleus, mesencephalic
trigeminal nucleus and the Purkinje cells of the cerebellum (Lee
et al, 2000). The inventor shows that NB-3 clusters and co-
localizes with Caspr at paranodes from P5 to adulthood, certainly

suggesting the likehood of it being similarly localized in the
PNS.

NB-3 clustering at the CNS paranode promotes maturation of

oligodendrocyte precursor cells via Notch/Deltexl signalling

prathway
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10 Multiple sclerosis (M5) is a chronic denyelinating
di sease in the OCNS. Neural stemcell transplantation

WO 200a/052389M1 si ng treatnent for such di seases (RITIGBRGVG/005329
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et al, 2003). It will be of significance to establish

a reliable nethod for selectively predifferentiating
appropriate donor stemcells to OPCs or OLs. 15 In the
present study, pre-clinical validation has been

provi ded of a novel signalling pathway allow ng for

t e FIFeryt ithe ASPHYy StNBy3ham shewn ofwlt ¥8F8, a neuron-derived
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in nmutant mce in which Notchl signalling is

selectively inhibited in OPCs (Genoud et al, 2002).
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@hich Notchl signalling is selectively inhibited in OPCs (Genoud
et al, 2002). These observations implicate that, in addition to
Jaggedl/Notchl interaction, there may exist other axon-derived
Notchl ligands that mediate OL differentiation by properly
activating the Notchl signalling pathway (Hu et al, 2003). In
support of this notion, the inventor's present observations in
NSCs incriminate that NB-3/Notch signalling via Deltexl may
modulate OL differentiation from NSCs and thus represent a

potential target for therapeutic intervention in demyelinating

diseases.

Materials and Methods Relating to the Second Aspect of the

Invention
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10 al, 2000), NICD (Logeat et al, 1998), Notchl,
Not ch2, Notch3 (kind gifts fromDr. Lendahl) and F3

w@ Swunssski et al, 1998). Polyclonal Caspr ane¢byG#9003/005329

was obt ai ned by inmuni zation of rabbits wth a GST
fusion protein of amno acids 277-430 of human Caspr
15 and pol ycl onal MAG anti body (7610) by i nmuni zati on
of rabbits "with the foll ow ng peptide:
N - Cl SCGAPDKYESREVST- C (Eurogentec). Secondary
anti bodi es conjugated to Cy2, Cy3 and FITC were
dottabpdtes r om Aner sham Phar maci a Bi ot ech. I nc. 20
[ nDnoc 0 bodi es were
%@Fg&% qurg?ﬁlsfrg&r &¢ gﬁtlg @\Jtegf“ﬁr]é%r'egﬁﬂs‘?'n Fgag,
A - EpRins o pe dMAR H2t:1héo ) pETd&ED veenhps ((9mmagan) HA (Santa
QQ‘&tZaBmﬂ'&:hﬁéﬁ.o&!?Z nﬁ%re%ggglpgatrot ﬁl Igor@alnﬁ anA n

.
(am no acid To constru 5" eXpr esSioAeIsn

VEEEBESo o CBRF g ) eted 0@ pPitanes (Wevietneged) i antRERdies;
reagtiens. va74anmldahyacihtd eaeodifignt he, For (espon
region froma cDNAa l'ibr aryqs nt heglnzed C‘Pr om ?(21? %Iraggedl’

t'GEAPIRNRS LFRe (FafFa SFP@WGPwQWGyprlmpsum (Sigma),
quTCQMRC@%TMﬁGGM@J ME&&@( f ?w@f ﬂ%an)e%Q ot

g@ﬂg@ CTGGCACATATTCCCCCA reverse
T6Br Fhosgabuet for 39°Byciescht, dotch? oMNo30k3
atklﬁdfgmrftssesmrm: 72efndran 4hs & terifonatiueat i pn 1abg)
94 Cfor 3 min. The anplified cDI\lAfragnents wer e
die%est ed with BanH and inserted 122 WO 2004/ 052389
Y eB2G03 L0658 20 tibady ver sBabt ireut pr’ﬂEﬁhﬁhlveﬁidﬂ of rabbits

G M R A LR R e

Faft Patvc)opat i Ceenﬁswchcl 81 ®n Hyodfivesn i zamdon heﬁse:ahmi&s
saknbidd ZGQléWEhga@Ebtﬁﬂb 1 Qr SPEJACE Ak Re - fogentec .

reconmbi nant protein 5 el uted electrophoretlcally
the gel. The protein was used to inmmunize rabbits for
aatesErmymeantb GhleB/ cOmj @,atfa@rtdmwgl ofalanqanttdedi-es

Ll o-culture F3 transfected CHO
()H@%L% Géf%%gglzr?ﬁr% " ,ari“@@i Bl’? ’I'Ar@rcl and nock

transfected CHO ceIIs (Furley et aI 1990; Tsiotra et
ahti- I\ﬂ‘cﬂ%g);ef\@ﬁ ean(élomGHéctl%QQ éMttJ_%ohbgs QJ Igoggrq‘edrr Q:CXIt dgainst

cell line OLN-
recombinant proteln expressed in E. coli transformed with the

PET15b vector (Novagen) containing rat NB-3 cDNA encoding Ig
domains I-II (amino acids 30-227). To construct this expression
vector, two oligonucleotide primers were used in PCR reactions to
amplify cDNA encoding the corresponding region from a cDNA
library synthesized from rat brain total RNA. The two
oligonucleotide primers are:
5'-TCCGGATCCCATGGAGCCACAGGATGTCATTTT-3"! (forward)
5'-TCCGGATCCGTCGACTGGCACATATTCCCCCATGA-3" (reverse),

The PCR was carried out for 30 cycles at 94 °C for 30s, 60 °C for

30s and 72 °C for 45s after denaturation at 94 °C for 3 min. The

amplified cDNA fragments were digested with BamHI and inserted
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(Ri chter-Landsberg and Heinrich, 1996) in a 2:1 ratio
in Dul becco's nodi ed Eagle's nedium (DVEM @G bco),

waemoeassd calf 15 serum (G bco) and PCT/GB2003/005329

penicillin/streptonycin (G bco) for 2 days at 37Cin
a humdified atnosphere. Cells were pre-stained with
the PKH26 red fluorescent cell |inker kit (Signma).
The cells were also stained with primry nonocl onal

tibodies. to c- Santa Cruz Bi otechnol ogy) and
s R s oM e Fo s & - bet idar § IS0 4001 bR zotein
(‘Gisgrapreskeddehek midvd it B InwaBerpofs st IagI lﬁtcﬁj@rﬁeen Wlhth IPTG.
P ultures, .OLN-93 cells re than
Otg%ggsﬁgagrﬂl%fﬁgng&ﬁ a6 randoH §° st é@géﬁs’arﬁé‘ st e 4R
o?rolflﬁﬂebzetdo@@ri applpsd Wer@Sc@emm eadldpehe exqembieait pRavein

Qﬂh@eﬁréﬁ@éﬂiob§§§gtﬂégﬁ§§ fﬂ&%egﬁg @erlfT%ggg &g% used to
anal yzed by anal ysis of” vari ance and

fikerbites CRpiERR1 RO SnARRLHL0. Blichiomgmonoclonal
consboered (usi-gaw fiicant . or highly significant,
respectively. NB-3- or nock-transfected CHO cells were
cultured with OLNin a 2:1 ratio for 2 days. The
feABbr eereoyddut-eons of the co- cultures 30 were

t d ao_et, al 996) .
%?a%g%%%%%%daﬁ%& g?gcg eri zat rllonetof3 Bl%a-]t)raqﬁ%%'e%dl and

@Ok cerans feChHe CE1d sehky el furansfeactdéd Wath TOipgrofer a1,
Q@@%Mﬁﬁég% %ouéuiﬁhreh|QPE?Q%Enoiféo%@%%ﬁ%%@tea%89£c&lﬂ% BEN 93

manuf acturer's 35 instructions
éﬁélé*ff?lbrfra\ﬁdﬁhe@f@d( g ¥rerichp3laR0) 20044 oaszssetlo in

Fzﬁrbeaamséneam&agmc@ rixQzldQGﬂn eEMEMICE i &HI Vi YE NEL el Lo

csleolqrgs re exl%anded anal zed by Vestern bl ot and
i mTino |st CSLhENt CAPLEE 1ﬁ)l /AT TRPTYEER f HEPORB- BoT 2 days at

X[t deskronunBliFiansd ectsbbarafl ceel b sNeCﬂeNpeleéiSal\fq%aewuh the

tpkﬁgglfgglx QAN VA74AL -1y Cy N1 VSn%Fg
2 B Vo L2 (1 T EESgam Toippr i i Lo vere
B‘FX& ﬁﬁPclneBT%Elth Drippry DPXecBohal aghilvaNks caNz)my@r (Santa

@Eablyldt@uﬁﬁgm%‘é%d é;{—%n§£}§&ltl%q Hg)—lz‘pganltl pﬁ%l?g condary

\(ﬂ‘[‘gw t %ené cells were 10 sta transfecte
hgtH Jgag‘é"oqer(“Sﬂ%ltlheeflmalPer ZG0the Hsipngd
birpofeeisaghnehe 'B@ecsltataJe% toansieetand it erSal a8fete11s)
SQ %ﬁgg% glggom Yy s %an% of %50 [, fZ%OCIn r slips
Avi t Fogen 8 By Pritrostiaithr ity o P
weggggqmnbbgtper experlment Raw data from at least three
independent experiments were analyzed by analysis of variance and
then Newman-Keuls test with p<0.05 and p<0.01 being considered

significant or highly significant, respectively.

NB~3- or mock-transfected CHO cells were cultured with OLN in a
2:1 ratio for 2 days. The membrane portions of the co-cultures

were extracted as described (Xiao et al, 1996).

Transfection and Characterization of NB-3-transfected CHO cells
CHO cells were transfected with 10 pg of pcDNA3-NB-3 using
lipofectin (GIBCO BRL) according to the manufacturer’s

instructions. Following drug selection with G418 (Life
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15 I munocyt ochem stry Cells were cultured on 13mm
coverslips (Nalge Nunc International). After various

wo e@ansmsse s, i ncluding y-secretase inhibitor ¥S/gBaY03/005329

cells were fixed with 4% paraf or mal dehyde and bl ocked
with 1% BSA. Cells were then incubated with primary 20
anti bodies in 0.2% BSA for 1 hour, followed by
Q/3-I abel ed or Cy2-1|abel ed secondary anti body
|(1§i After_ nounting in fluorescent nounting

i ?%}:\R"o) Inger | 1 ferénygislal Ferpswiveke sexraafed i
R}AD. izletl Ob @ STeitle ril ETAS 0P € mmlASH PO S YL £ d:ak8Mng for
using ..t Pg_?ﬁa}erre optjcal paraneters to ensure the
conpar abl e mpﬁs Pt 25 At least ten different
viewng fields fromthree i ndependent experinents
v'p,_ra%slfgggl&p o@b%*?te the percentage of cells
showi n CD translocation or differentiation. Two
h(ﬂﬁ%rcégl%ewl@ tirpped et Ly e 4817 44K reec i Wdégerrdwu, dn-N1~V5, dn-

. expersi, @BE@AWS?LQ&@”@I%!L@PO&% JzLia%r e§°r§§‘ ; DTSgRe, DTXL-

| nt enS| ti esLHZy dobe Phot osh Jack
ed1ror thop‘Faé\éZrh @ra?“e?@lwy m@@@l@yﬂbro

smatnmeeteahem@m@ﬁteatw& amawtzl%@ekay %ﬂdﬂ%@&ﬁ dere
ej ng consi dered a

tes 5 and
Sl g';?ll I(C:]é%'? fgcgﬁfi ‘Fﬂfﬁl §}lbjrﬂlf‘%n€5]ﬁt HW9efer Eted L et al, 2001)
F‘EES@GCLF-N@E%F’CamZAe V\@hgoa’édﬂﬁﬁBQn%Eft@BQQw&Oéag@ened with

F et ect mary_NF20 GFAP and Gl -

aﬁol glggmf dﬁ%d Z gma\'—’l 86r254088L92]6h ARgatBd! %fh"ﬁtrﬂ%%%e PG
ofrdepftéXae FlyoimbdGecanpigataed wastd-r abbit | gG
(1:1500; Mol ecul ar Probes) were used. For transfected
NSCs, cells were first transfected with plasm d caNi,
SERRegRtogheRiistsY ng Li pof ect ami ne 2000 (I nvitrogen)
&'Hilgrﬁéf@%ul%k& QYn WeiHQUL N %%g r}N§$§)é‘”Néj r.ee

cul ture nedi um W t hout growth act or hou rs,
anderpeit el s et é(F‘Fb‘?\lEd tr g2 BRIty e HicEng oy 43 ralpse

cnomebstdnps digmad Vp RES e 1mMri 104 Galdn @Qhﬁa%a%rﬁé‘f’dehyde and

pul si on, ay s carried qut as previously
esog’#(l dlt%xﬁao %%] af I d6ar. thel iterrhateab pihthi R ry

cultibedl petini 0d2siRg EBect dmuD; ckdInsesy WMerg3-todied or
\@ytzhlgr@glwg céz‘?%éig) ah _-‘?bdod” gogell uég@er (mLa%gnaur and

Lenmmon, rle d%r a eri I'e
Ffrlé‘Pé?ﬁ%er(thsuELBlrm mefium MDRBOFc,ce@is wdics vosualized with a

dbﬁ%&rﬁM“RXinQhﬁﬁE%%CQQEQ$lcroscope. The photos were taken using
the same optical parameters to ensure the comparable luminosity.
At least ten different viewing fields from three independent
experiments were used to calculate the percentage of cells
showing NICD translocation or differentiation. Two hundred cells
from at least three independent experiments were quantified for
fluorescence intensities by Adobe Photoshop ™ (Jack et al, 2001)
and measured for cytoplasmic area by Leica QFluoro software. The
raw data were analyzed by Student’s t test with p<0.05 and £<0.01

being considered a significant or highly significant difference,

respectively.
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extracel lular fragnents) were then applied to these
di shes and incubated for 2 hours at 37C in a

wheossasBeed at nosphere. Subsequently, the di SPEFGHG08/005329

washed three tinmes with cal cium and magnesi umfree

Hank' s bal anced salt solution (CMF-HBSS) and 20

bl ocked overnight with 2% heat-inactivated fatty

acid free BSA (Sigma) in CMFHBSS (this blocking step
e ulsion test). The_ dishes were

Vt Oer?lléreggsec?naogl %rlénr?&gt K 0 egﬁé%tﬁ%GééT“? $ntipediepy Alexa

@_mog348$nmnnega\m¢ hintt rensfected Habaxsetlhs r( bogeat, Eugated
eéntlahfabblltg%%m f%.lStOrOanﬁoflee%tu [a;ét%e_%beﬁg !szi?ﬁeaglgeyB For

transfect ed
cHemcéattse #EEE nextl lyedé temEatsa densifeyteaf whth Xlasmid cani,

H6ceb| Sdils. wblA@M Qoo DA bl Bodd1G 1 BHNESI BN LESL). 0L,
1§&Fours (in the repul sion testg the di's

| 9 vESHhedt t i e 1hi it he GNﬂ—tHISSnéa"hdlmt hethx:e:ltl growth

V@rceorffdftedél\/\hbllﬂrsz 59(@19&&&@%@@@%&%%&5‘3% dlffeﬁgntlate
%Io algﬂ? C%fve esi gn fo was carried out using ant

nnart nic ‘et “atb® 1891° H:51889+ium-pol ycl onal _
anti-Notchl (Mtsiadis et al, 1995; 1:200) and anti -

Nk ¢ h2a{Mstsi adi S« g%hgld 1995 1: 200) anti bodi es.

Cells adhering to vart ou spots were phot ographed
dhdscoimcedriqheutessl pievines by akaky zieeh bykiSb udents, s1696)

est £ W t Bsps0: 05,.and 0 004/ 052389
PCT/%OOE%O%SZ&Q c%ﬁ%ﬁ% eg’sgﬂsf%ﬁ?i% }a/\ggt(:%or /Pnléiﬁnson were

$PEhTTi'Caht Mat el nebbiligsparitivper il u st ébmeala@tr and

Aaaalney]s,l 8957 Coadllati bF @81 f uhder A%t 1AG 1 ,2Rd Mlns (2.5
transfected CHO cells with OLN-93 cells were

Har Vested BATFTySEHLBEF s6ri ehffegnnt nsPRSonedMiichilng

tehér@{feﬂll&aSE fimBht Oy Weeeki@d, a&;@@i@é tcAtchi dls Fg and
centrlfu mg éat 100, 00%3 for 1 hour at e pe

wer e 1 CRer” SEMABI 11 ZddC i T 2ofmrididae- am@sphere
subs@qwmtlw titeheliiBe sTBirdeE amesHear thede afinkbey ool |c§1c1um—

QQQ%&}E%%@%%IE%B}%%I Ha ers %ell nieégéflg\é\%oslv@g?l%?/ﬁCMF H%SS and

BF%‘?%?%@VEW% weth a?l h@@ﬁ@n}namtuham ifaady esciagairastasa

gﬁ%%m ofern: RS e i T

Jﬁn( ‘pfﬁfj) (\Taﬁgdjestheﬂ we:legg:@)en g_gused again and the

respective cells, such as OLN-93, murine Notchl transfected Hela
cells (Logeat et. al., 1998), F3-transfected CHO cells, and NB-3-
transfected CHO cells, were plated in 2 ml of chemically defined
medium at a density of 1.5 x 10%cells/ml. After 0.5 hour (in the
adhesion test) or 12 hours (in the repulsion test), the dishes
were gently washed three times with CMF-HBSS and the cells were
fixed with 2.5% glutaldehyde in CMF-HBSS. Blockage of adhesion
was carried out using anti-~F3 (Gennarini et al, 1991; 1:100),
polyclonal anti-Notchl (Mitsiadis et al, 1995; 1:200) and anti-
Notch2 (Mitsiadis et al, 1995; 1:200) antibodies. Cells adhering
to the various spots were photographed and counted. The results

were analyzed by Student’s t test with p<0.05 and pP<0.01 being
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Western bl ot anal ysis of devel opnental expression
patterns The brain stem was di ssected from enbryos at

wEion408238€c0nat es at  bet ween PO and P21 of W SPGX/GB2103/005329

The speci mens were honogenized in 9 volunes of
reduci ng sanple buffer and boiled for 5 mn. Each 20
10-pl aliquot of the honpbgenates was subjected to
Western blot. Detection was carried out with ECL

A o) te ( Aner sham Bi osci ences)
bl ﬁfglétéeugﬁlégé 2 SRt o afg?lefe&ﬁBFn%lnﬁfeﬁsnF%r
JeRfeditireliand CHL1- Fc fusion proteins. Reconbi nant
cDNA encodi ng nouse F3 with the GPI-anchor

substituted with human 1gG Fc was inserted at the Hind
1f925R6e PlokiPnadyeiks pDX with an

alfm-lduﬁltﬁaéé ¥ @BP“@IX' n@Aéﬁﬂlé%BCﬁo&ﬁFt’?Ln&%eJF{%u”cﬁé ceéd.s with

1091. and. j ntroduced into - sl on
prot ernsStet ¥epriFivegtas aeserstsbdy( Shifdatdoat iml BBS

1899 R ini Ry atieC bi Otk ﬂ@@%mh%a%ucwﬁaﬁ{)ﬂﬁ{t%h@?er

sol.u r 0 - reco I nan roteln,
RS e L DG il ten tbron s 481 sheThel Vg oRte
o’f?urrtéPrI\BﬂBlbeDMeCErmod% Myitthe sigmal seespipree135 0fe
then b tut 6x Hi.s foll owed b
0 S001T 050458 P Castnl) GOBS oo Bernpratsay Line,
G Fo A2 e INBY 3S REDIRAGE h (% m&ﬂaﬁpmaatnedlmmwomsem ethstern

i1 t PIREPAr st Meen sHi ngo-dyl apd a%%qﬁgdis%j{z%s éﬁag ig l\fo t¢hl,

\}\\%%UL%l n . }/lsctor was transf ected Into
CEPrs mﬁ@éﬁfle%%%%glaﬂsd@H@pr@%&;ﬂmd%@nfw@nee al,

98y ) werde peokeorigdd préeser Ymfr qeuagdi MMl of o & week.
The cul ture nmedi um was col | ect ed concentr at ed and

di al yzed agai nst 50 nmM NaH2PO4, 300 nM NaCl, pH 8.0.
HeskFre dsitnatGyvedendt wizsred dpechtad éh&éﬂs&bysﬁ&e&ﬂd

irRe UBAL 84 s s | c NB- 3 I e nant
pr)rr ot ei nqplvvafs%gllg1 @aht éﬁ’gl?% o%%t E}&P\h reS| n us?ﬂgnqé’@aﬁﬁ at

REEDEEY F03609 i INgEl i9BE raps mﬂﬂhlemsmmees Re10d Ihohb @enized

ah Bkﬁdﬂﬂmegfﬂffﬂ#ﬂu@ﬂn@réym%hQSbué%égdyﬁﬁlﬁyllgg fg%(%hhln Each
; grof]g ei ns. has been describ

Qonbh afit PpTstearhes d@ﬁpﬂl%w@redh £ efatiern blot,
Dege@mmﬁ«as hea &8 eaxsutacalihub@r wdessih mbtppus & Netghl

() s er ced,as follows. Primers wth added
H| nd 111 gﬁg&% Léléf éltes (underlined

Fusion Proteins

Production of recombinant F3-Fc, JaggedIl-Fc and CHLI-Fc fusion
broteins. Recombinant cDNA encoding mouse F3 with the GPI-anchor
substituted with human IgG Fc was inserted at the Hind III-Not I
sites of pDX with an amplification-promoting sequence (APS)
(Hemann et al, 1994) and introduced into Ltk-/- cells. Fc fusion

proteins were purified as described (Shimizu et al, 1999).

Production of recombinant NB-3-His fusion protein. A soluble form
of NB-3 recombinant protein, NB-3- His, was produced in HEK293
cells. The region of rat NB-3 cDNA encoding the signal sequence

of the GPI-anchor was substituted with 6x His followed by a
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bel ow) were used to anplify regions of mNl cDNA (gift
fromDr. Jeffrey Nye) in polynerase chain reactions.
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reverse :5 - TTGAAGTTCCTCATCCGTGITGATTT-3" NL1. 2

forward : 5" - TGTGGAATTCTATGTGATCTGGGTIGCC- 3" reverse

: 5' - CGTCAAGTTCGTCATCGATGTCACTCT-3"  N1.3 forward

:5' - CTTGGAATTCTATGTGCTACCAGCCCC- 3" 25 reverse ;

o TGACTGACT-3'" N1.4 forwar

BT AT T AT COCATE0OLORET Fhge MaridgBigked as inserteq
: Bt AABEBAAGETEIEE COBACCETAGKIAGNET dihe !, e@liicgg:glebres%loting
a i £ 1, nucl eot i des 79- 1557;
o s e e o e o S (L OB
1e43)es sNg NB(Cnich ectdcties d324128608;thk48ke b Juiagpeatin
epncafi-rg.amn, ackds . 4 936; repeats 11-24

N1. 3 (nugl eogtbﬁales. 25%5%%%8%&%?%%6?fng(éﬁ%%twaesn%%{ﬂeﬁé‘ed’
amM G &E P BRA 859- 4586/ 2cRGror epdabs @2 NBH)R0,and00 ML ¥acl, pH

(el eqt iges 3E54- &gﬂ;m;% RBRafs agment (@{m%hgg and

am no 35 agids 1251-1749; EGF repeats 32- 306, .
rlerbcé%tagf?l g?e%@ﬁb?‘%%ﬁﬁ 3@stin1 2 ¥Bw) ZooAPoSEE8Protein was

ROTYHEB20634 (0B389-NTAUSEOIn PIAhe] S e Rerpopduned nMSENd , 250
gﬁé- KG yector and purified as described (Xiao et al,

ml . .
1996) . ‘%e PCR was performed on plasmd DNA in the
presence of 1nM 5 Myd 2. The cycles were: first five
CyE R tabn BICHEOER L dB N r, 4P p§8£e13an.SP9&9u 71:210C f)?rl\b%chl
m n; the subsequent 30 cycles were carri ed out a
CTol V3R REobOLTS fige BOS: drdcTPP fgn 4t nih; 20880 a
fRtbbeXd e $ireBe Bl s %%mgiiéﬂhgsdﬂffhréﬁ%e§§%fgﬂy LEi edh
fr%%msni Ver e I es ectively used to create vectors
PNIL. T?epiifl.af, TP PNCTIMORHd NORFD Y B P ede¥e OEPBACe aat
tfilowext endedrHiwidihi kdaad HiBapEir sintiessgnd s|iitfg§t hﬁi(’j&ierlined
[ imlarl | gest ed_pCGEX-KG vector. _Transforpe
e P b el PRl Teatioe th TG T4ng T O
SGFEESE Ay BSTn NI ymerfde haiNl réctands- N1. 4 fusi on
proteins were purified using glutathione-agarose
beads._ 15 Production of reconbi nant NB-3-Fc proteins.
The *sifgREP S equénce CTEEARRECTBRTCaRFFSCTREES SUbst i t Ut ed
wi t h hurapsd gG Fc f ol b owadaRyreccTcaTCCGTGTTGATTT-37

N1.2 forward 15" -TGTGGAATTCTATGTGATCTGGGTGCC-3"
reverse 15" ~CGTCAAGTTCGTCATCGATGT CACTCT 3’

N1.3 forward 15" -CTTGGAATTCTATGTGCTACCAGCCCC~3
reverse 15" -TTGAAGCTTGCCATTGATGACTGACT -3

N1.4 forward 15" -ACTGGAATTCTATGCCATCCCCCCCTT~3
reverse : 5" -AAGGAAGCTTCTGCGAGGGCAGCGGAG- 3

The regions amplified were N1.1 (nucleotides 79-1557; 1478 bp
fragment encoding amino acids 27-519; EGF repeats 1-13), N1.2
(nucleotides 1324-2808; 1484 bp fragment encoding amino acids
442-936; EGF repeats 11-24), N1.3 (nucleotides 2575-4008; 1433 bp
fragment encoding amino acids 859-1336; EGF repeats 22-34), and
N1.4 (nucleotides 3751-5247; 1496 bp fragment encoding amino
acids 1251-1749; EGF repeats 32-36, LNR repeats). Recombinant GST
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term nation codon. The cDNA thus mani pul ated was
inserted into pREP4 between Hind Il and BanH sites,

wapa4nsaesf ected i nto 293T 20 cells. NB-3-Fc wWe&I/GB2003/005329
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purified fromthe conditioned nediumusing Protein
A- Agar ose beads (Roche). | nmunohi stochem stry

Fol | owi ng deep anaesthesia, adult W st ar rats were
transcardially 25 perfused with Ri nger s sal i ne

f % formml.dehyde in hoshate .
bg%%%ﬁ@ E)gyeldhso %@E? ];Q%r o ngs sa.ngsg% g and purified

hé?v%%stcéélb%ﬁi]d Xjest et iaded1BF) 2 hours before bel ng
transferred into 0.1M PB containi ng 15% sucrose

overnight. The tissue was frozen in O C T. conpound
(TP STE Tek)PHiareediat alasrifbdEbt ipride30r¢ITme wer b

coftct Bk afycget aldR-coatad rski dﬁ,%legoétt: 9337CCf<%r 1 gin, 45°C
ried a or

| stain Vo slides were

ijr&?)henané %ﬁs é&g’rl h BYld theetBisedren 3§ cveted gere
ntmuties bot atpeBntEalivki zaiiingnso Beoekad®sobnd 72 °c for 1 min;
n pec| 'c al S ar.ri ed out usi,n,lO%
oom ShaFhil SReBOLO0 ! (TR (MG, g ugto L el
ZW@BESS@@CTPWEQQW tai (uHeeS Sbct@GMpNL. 1, pN1.2,
tenper, ak y eni1Bet W%s%‘i:@@t?lénn\é@l é(‘& q:gle Qt é%?e Idee‘f’:l HlndIII and

preparati ons were washed three tines
AT WPt hed.28%h Livattion )@H@@lrﬂﬁl@rlwciwgsstw |pGEx "6 vector.

antdnz@dinesd wer eodi |t edoi #=10.s1L EB. 1nd§@€&'vﬁn§1 %'E‘@ and the

do}yq_,le% Igb Tegm |s§%e sectiqons were typically 5 first
ficubared over iy £h He *pofytldat B‘F%Jr?élr?mtelns were

amunlﬁ@dsdr,uSJﬁ@I bowedipna-speoBdasaadqgoat anti-rabbit

anti body. Sections were then exposed to the

nonocl onal primary anti body and | abeled with an

amqdirbise Fe&enderinaatt VHoyc Fortegxan Hat istgpal sequence

CEV e@hs| EP5-anWek e v@aosplshsgtMthhﬁlél! 'hqﬁgnvigedl\%g O Brwed by a
égl ss laser scanning 10 confocal m crosco

STRENGET SEFPT t dticoRPWh & hesST PIH I BE AR W@sawﬁaﬁed into
(.80 ol 1000). and. L neuba o Gverai b ot 4C wrth 2"
| a ubat ed overnjght a W
a%’tl S‘zir/ C%EBI F)fglgﬁ'%‘% %rﬁmAtléegé‘roﬁgétb%b?@smF%‘éhé’Flng
ctroge it aAtfidenesadardse (beads . (Si gma) bound to
GST-N .|, N1.2, N1.3 or N1.4. Captured proteins were

el uted from beads w th SDS-PAGE sanpl e buffer,
etk chenigistver n bl ot and detection using ECL

m&ageﬁbuﬁAﬁ@bs£ﬁﬁgsthe51a, adult Wistar rats were transcardially
perfused with Ringer’s saline followed by 4% paraformaldehyde in
0,1M phosphate buffer (PB; pH 7.4). Brain stem segments were
harvested and post-fixed for 2 hours before being transferred
into 0.1M PB containing 15% sucrose overnight. The tissue was
frozen in 0.C.T. compound (Tissue-Tek) and sagittal cryosections
(10pm) were collected on gelatin-coated slides. For
immunostaining, the slides were dried at 37 °C for 30 min, then
immersed in cold acetcne (-20 °C) for 15 minutes for
permeabilization. Blockade of non-specific binding sites was

carried out using 10% goat serum solution in 0.1M PB for 30
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20 NSCs and Rat brain nmenbrane portions were prepared
as described (Xiao et al, 1996) and i ncubated

woeernspee at 4C with NB-3-Fc and anti body- coei/e82003/005329
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Protein A-Agarose beads. Captured proteins were
eluted from beads wi th SDS- PAGE sanpl e buffer,
subjected to Western blot and detection using ECL
reagent. 25 | munoprecipitation of Caspr. Chick or

. rain, aqureg) repared as descri bed _
(b ARGl Tl e ieEh Gthe LPHBbT1RS Setibodics,

pPESRIRRIABNS efafm F@bhedrthant i tiGaspfoser uimiodd @aed Hych 0.32
Prot @i xAt6n Sephal @sssd S .he; i munopLecipitat e
were 30 washed, resol evdhggagéﬁé}g?’g%éep?% uet%c\/vil?hos’ 1M PB.
it H1CAS pl L FohPLe Foroslatturibisisoet $ewfiopeewérmmuyeiamdy
|ﬁIﬂﬂTﬁiﬁeﬁﬁhﬂ&ﬂ'avéﬁﬁibﬁitw@th]éHEOBQl§Hﬂ&ﬂEhOErimaﬁ¥ ant%?ody,

P

-jmunopr eci pi tation. Brain nmenbranes were prepareé
acg"hl%gv%' F0GAFBBSSE0 IPET/ TBI003P005 329 1 0eKdisc Sebetbons were

ptlexi eusbyed Itwomhetm@loc1d89D)pri MEPPIANESo MBI £1d labeled with

S MAN in 2% Triton X-100 and t he sol uble '
ffgl]é\cuatglltcl)nﬁﬁlgsse %ieﬁgﬁ%%ﬁyeangéé? i"ghP* at*F 82 th Retrerslips

afftihoaréseq antli tiotghldes antkwandt br Notzehk} . 14840t ebinfing

S@@h@rc%emgel%q%o&gp | of a 1:1 5 suspension) were then
added and the i ncubation continued for a further 2

hours or overnight at 4 C. The beads were washed with

5QsHmhirh Sp+ddlip i Pht ford an@O0E@ipRl RO Al ¥a TLi t on X- 100
and protease  inhibitors. |nmunoprecipitated proteins
wete e uted FPoie hePesas "fF ¢ ho SIS PAGESs SvpFailngf fefiao et

ant sEpH ateed dmcibdfed 1ovasiiyhantde 4&DS; FACE g8hSdy-coupled
nitrocel l ul ose and

Ps.Qtelns e ransferred,to
probed wi't hg(gan%ols%odhfeeasc{sagg%oncﬁe)Fspranal‘f\TB“-tél.lone‘agarose beads
UNPPIEST diet GABtRLLY, oN10f, i MimBnokesatt 4 vecdandsd WaSoteins

aeGRMRh | e ok it Begg-l— vyiec%g%BtS'—PATd}.e s %!_L%rootg%erénaubjected to

experiment was carried out using an

dRtSEeRot RIS &Rt Hodicesor 3 ingbBCH 5 srmann offregishatiat es

obt ai ned using anti-F3 and anti-NB-3. GST Pull Down
Sya‘aclfLIHai fL)ed_ GST fusion proteins (nmNotch 1.1, 1.2,

1.3 aRd” 1.°4) Phete REBUprRY Bod t8pharE8eP B aFesdas described

(Brershaml, Phasémcind Bhoiteahdl e#edrrageer gi ngctwi dh@s-3-rFc

Eg%?ég%g#%@Lg ug%ﬁ*?%%éQ@%%ggsémﬁiﬁgga §F%gg%hred proteins

were eluted from beads with SDS-PAGE sample buffer, subjected to

Western blot and detection using ECL reagent.

Immunoprecipitation of Caspr. Chick or mouse brain lysate (800
Kg), prepared as described (Zeng et al, 1999), was incubated with
rabbit pre-immune serum (PI) or anti-Caspr serum followed by
Protein A+G-Sepharose (Sigma). The immunoprecipitatesAwere
washed, resolevd by SDS-PAGE and probed with anti-Caspr serum.

For immunoblotting, pre-immune and immune sera were used at a

1:1000 dilution.

Co-immunoprecipitation. Brain membranes were prepared as
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harvested and were solubilized in 2% Triton X-100. The
honogenate was centrifuged at 13,000g for 60 m nutes.

wah®405887 ed | ysate was then incubated for 45r@i/GBai03/005329

roomtenperature with GST fusion protein bound to the
beads. The beads were washed 3 tines with 25 lysis
buffer and proteins were eluted with SDS- PAGE gel
sanple buffer, resolved on 7.5% SDS- PAGE, transferred

tgesncirtigo%el | ul, ose, and anal yzed %%West ern blotting
USTHG 18RI R Y TaRET %n&ISONBe"B 2lant P Bodi ¥embBIreculette of
Py Ivir § 1 GkcS iand CPGs-oFhe-10W @RlOEhLRPRILAYeE Ba@hidh was

celd, r ni which o odendr ocytes
an!%lecJ §§g§‘r§a"tq;eégg§’/£ Pet céllqiyEe erga I\é‘?ﬁChcéﬂJH G4t i i‘)rhtl‘é@tcm

prrey iaotstyotdescr i hed el ok edépaaaaﬂe S2thasBigbes, 02998).1

B f an hou bef ting cells, culture dishes
1%151%5%% vverwéergoa ed %ﬁﬁ) %4’7’”(%‘53‘890“ continued for a

P@W@QO@S}IO@I@SBQQ ovsirhhglpolag- 14 1cysm<e bel%@lsst natalwaGa¥d with

i d
e P Btk P E R pEL R e e tease

arfd-iBE boes vé%élll%p%éiliél‘é@r@f prbieirsagede asvﬂayteclsf nen the
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gpoge][ﬁ after centrifugation. The cell suspension

Was PR W Y - HEPES) 198585 BN sé PR goriirdng c yiar ahe el

sJeQarat:Eczhnbyldmffmen:enu@leHSt@OHme@Bse 4B beads (Rmersham

d d t hi
e G P E LT adf it BRERF F22 CiEa

G@ISFH'P@l@mSermﬁﬁy caeabmishezﬂaqheaad astadaayt ests were
W o es, ofe r
NeWEOnSy Ghs: weaNd §§lgz[ﬂ%h $n s %I;;'gt%n ?{ a_LOH a'g}beogs)eomogenate

i solated and cultured as~ 20 descr
GRS SFPPEL79%Y sttarl 3y AR0c drabed Ininpere. dliteaichedrdy Lysate was

Reesoldcupbaddh erdr agnhih faugatbenbol el 3ndn S&dO+usion
protein bound to the beads. The beads were washed 3 times with
lysis buffer and proteins were eluted with SDS-~PAGE gel sample
buffer, resolved on 7.5% SDS-PAGE, transferred to nitrocellulose

and analyzed by Western blotting using anti-F3 and anti-NB-3

antibodies.

Culture of Primary OLS and OPCs

The inventor employed a glial cell separation technique in which
oligodendrocytes are separated by Percoll gradient centrifugation
as previously described (Colello and Sato-Bigbee, 1998). Briefly,

an hour before plating cells, culture dishes (Falcon) were coated
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14-d-ol d BALB/ c nouse enbryos (I FFA Credo, L' Arbresle,
France) and cultured in DVEM F12 with N2 suppl ement
and EGF (20ng/mLl) (lInvitogen) (Arsenijevic et al,
2001) To induce differentiation, the spheres were
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t Yahs$derpeded @élidnéh? h‘@lTaQWr?tRTeNMpe(nAppl ired.Opg/ml DNAase I

Bi© Ee Q e i€V n I;leSSEIllOnn
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i S5t SSBRMEHPTABIE S PRI ST R 7 0oy Maeh@etf@etteewmrthrough

stoe PhbBRr5:30d pLobes wet d :[]ecd %SI N reo
%ll ne?nnEét)lroess 10 Solftvvarepl(AB . eer %%%)Qandt }_ge 1

sTfiefitks % the ?Hq%drow@rpwt@@e@gafwuon recovered
G freepeot e ITughAG n Famwak g 1Psu8BEnsion was diluted with

S R T GTACT CEEERTERTo 4 o1 B TG TPFebY differential
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|% FEETTOES P&EIFa]t | Vdstaxgréssyone Legbteedfndaehltured as
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I n the er
O%@?ftgél VePgJ!:ch gq:gd?gnto%telnlcglejfugatlon {Colello and Sato-
Bigbee, 1998) and OPCs were purified from P5-7 Wistar rat optic

nerve (Bogler, 1997).

Culture of NSCs. Murine striatal neural stem cells were isolated
from 14-d-old BALB/c mouse embryos (IFFA Credo, L’Arbresle,
France) and cultured in DMEM/F12 with N2 supplement and EGF
(20ng/ml) (Invitogen) (Arsenijevic et al, 2001). To induce
differentiation, the spheres were mechanically dissociated into
single cells and treated with NB-3 or Jaggedl in culture medium
without growth factor for 24 hrs, and then added into culture

medium with 1% fetal calf medium.

Real-Time RT-PCR Analysis

131



10

15

20

25

30

Total RNA from OLs or OLN cells was extracted using
the Q AGEN RNeasy kit and treated with RNase-free

wObing 052389 nvi t rogen) to elimnate genom ¢ DNAPCB&BRI08H05329

were used for reverse 30 transcription with random
hexanmer priners using SuperScript First-Strand

Synt hesis System (I nvitrogen) (Notch honol ogs, Hest)

or TagMan RT Kit (Applied Biosystens) (MAG. (3-actin

and GAPDH re used as internal controls. Real-ti
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pTaa@ﬁfldPlp@W/(s Gal was ? IAGFEECRARCTCREEF PR TRGHT # ol

to nonitor the transfection 20 efficiency. Cells were

| ysed 24 hours post-transfection and assayed using

t%@—tgﬁé%%%é—é—ﬁ—gﬁi—@éﬁése Assay Kit (Promega). The

rewvdat apfinem at: | east -A@OCARORBFAGAEOATEBXRESr | ment s
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d@smanb%dol(d—lu et al, 2003§7 CQMAEMEACANS@ECCFWCEA wel |
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Independent amplifications of each target and the GA DH RNA were

performed according to the manufacturer’s instructions. Relative
expression levels of each transcript were determined by employing

the comparative Cq; method as outlined in the ABI User’s manual.

Total RNA from OLs or OLN cells was extracted using the QIAGEN
RNeasy kit and treated with RNase-free DNasel (Invitrogen) to
eliminate genomic DNA. Samples were used for reverse
transcription with random hexamer primers using SuperScript
First-Strand Synthesis System (Invitrogen) (Notch homologs, Hesl)
or TagMan RT Kit (Applied Biosystems) (MAG). B-actin and GAPDH
were used as internal controls. Real-time PCR was performed using

the SYBR Green PCR Master Mix (Notch homologs, Hesl) or TagMan
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cotransfected to nonitor the transfection efficiency.
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assayed using the Steady-Glo Luciferase Assay Kit (Promega). The
raw data from at least four independent experiments were used to

determine the relative reporter activity.

The NSC experiments was performed as described (Hu et al, 2003).
In brief, NSCs in 24-well dishes were transiently transfected
with indicated constructs using Lipofectamine 2000 (Invitrogen).
pCMV/B-Gal expressing B-galactosidase was cotransfected to
monitor the transfection efficiency. Cells were subjected to
luciferase assay 24 hours post-transfection using the Steady-Glo
Luciferase Assay Kit (Promega). The raw data from at least four
independent experiments were used to determine the relative

reporter activity.
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interaction 5 between Nogo and Caspr, in conbination
with a carrier. 2. A conposition according to claim1l
wherein the conposition conprises a conplex between
Nogo and Caspr, or a mnetic of said conplex. 10 3. A
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treatnment of injury or disease to the CNS, wherein the
medi canent is for admnistration in conbination with

w@2a@pn5389 a mnetic thereof. 10 14. Use of CaB@T/GBR003/005329

the preparation of a nedicament for the treatnment of
injury or disease to the CNS, wherein the nedi canent

is for admnistration in conbination with Nogo or a
mnetic thereof. 15 15. Use of a substance capabl e of
qulggroti n% I nﬁgl%%okgﬂd tﬁet W@?h cNQx%% %d %%Qﬂleé n St beRougon,
preparation of a I cament thé tr'eatment of

inj ary @medi stadé e $renallSng 1enas ngft Hedinf the

shicAuh ALicAge BYEld Raktomkh 0hafe DRI 8b18X0N F320ith the -
conprising contacting a neuron or an ol i godendr 6<39I i al

CEFPingy tdﬁmél%dﬁpéﬂlﬁ?%lﬁ“‘écc%r disvgoeet afpSoné®of628-709.
cl.ai ns A net hod of treati ng a subj

P ng? di-seBRETH Tort 1 PRFY (o RRETUEnCr al GRS
Sysit nmta@onprl]sa%g Béfachncnustfem g ﬁ@uﬁﬂ’tessubjlmﬂlaaed by
har tical |t|on accor t a .one. of

RR e 580 SRR o e e arhg 1 O o AR R
vﬂ?@ré@‘h t he subj ect has SCl, M, epilepsy or stroke
30 19. A nmethod of screening for a substance capable
oRmamEul &t i nEPaCEPact i oA NBEt el - NoGdy adird i Cal§pr Fukpmizu,

et h@ﬂshlcomrlmsammepnﬁ a,ctNlamgmMoK CagpinmdBee 8, G., Okano,
candl dat e substance det er m ni n% the inter actl on
0

$or weth 'REgo° B MeadPpL: "363505T Restton e EoF B Hgtonal
tegiiadd: Howhierea@OHPr tisd Mg tck ardo@ptbong NogaoandcHsaspe7e,

[ %‘?}2‘2 Egt%?ence of said candidate 154 WD 2004/052389

FL’1 Zﬁ /005329 substance under otherw se anal ogous

Cz%'ﬂg' 4 ONg, ,8Nd; det eggg}ggprt h%uﬁ%ﬁﬁ%d on_beg

Nogo’ and Caspr. 2I.'A nmethod according to claiml

G ﬁ?%h@@ﬁprwsﬂﬁé% Rolft &6t i TP ldncappt e thet vxie\ecwprotem

NMage andtGaspl WrBciher Gardbaat e 7. substange. re2. 7, 687-
%tlhod according to any one of clainms 19 to 21 wher ei n

Zeng, L., D'Alessandri, L., Kalousek, M. B., Vaughan, L. and
Pallen, C. J. 1999. Protein tyrosine phosphatase alpha (PTPa) and
contactin form a novel neuronal receptor complex linked to the

intracellular tyrosine kinase fyn. J. Cell Biol. 147, 707-714.

152



10

15

20

25

30

35

one of Nogo and Caspr is present in or on a cell. 10
23. A nethod according to claim 22 wherein said one of

wologa/05B8d Caspr is expressed froma vector inPeDdBe@d/005329

into said cell. 15 24. A nmethod according to any one
agkei 8 19 to 23 wherein one of Nogo and Caspr is
immobi | i sed on a solid support. 25. A nethod of

manuf acturi ng a pharnaceutical formulation

TP 1 EBfioo 400 LASRI L 1208, s lange, capabhe ok,

0 modulatt ng |nterac I'on nd Caspr
rbened, aocaer dihgtawcamprehee off cplramﬁ’slrlcg JtrxieZActtcma
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phar maceut cal 'y acceptabl'eé carrier. hod
according to claim25 conprising the further step of

‘%IO“ MpS BRI §84 10 FURSEARGEd Q6 admNiSthALLOA ¢k Vi VO,
155 WO 2004/ 052385 PCT/ GB2003/ 005329 27. A met hod
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HimRE LS WS Yaikhesg@fex COMPri sing contacting said
ol i godendrocyte or precursor with F3, NB-3, or a

mmnmetic of either. 5 28. A method of stinulating

el i patbapo &f t @wmeaertatdaxPio cCOMPri SirNgleont ACddmp@ising
an ol igodendrocyte, a precursor thereof, or a neuron,
WePA B3, NB-3, or a nminetic of either. 10 29. A method
according to claim27 or claim 28 conpri si ng

conta t he ol i goden rocyte recursor, or neuro
" 2B rBpp Ao, RSP Honao B S e Py
tdeepedsingdTasArtet hod accor di ng to claim?29 wherein F3
and NB-3 are 15 present as a conplex. 31. A nethod

according to any one of clainms 27 to 30 wherein the
3, NB- 3oomposd et escbhéimpftobichdinm ol Ndteckiontliidesubstance

2%5%8?5 o PTo 8 £ 0hL 9RARNALOEYE & Rl eRRERYSS Und REEEPT s an

antibody.

6. A composition according to claim 5 wherein the antibody

is capable of binding to both Nogo and Caspr.

7. A composition according to any one of claims 1 to 6,

which is a pharmaceutical composition.

8. A pharmaceutical composition according to claim 7 which

i1s formulated for injection in vivo.

9. A pharmaceutical composition according to claim 8 which

is formulated for direct injection into the CNS.

10. A composition according to any one of claims 1 to 9 for

use in a method of medical treatment.

11. A composition according to any one of claims 1 to 9 for

use in the treatment of injury or disease to the CNS.
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Notch 1 or Notch 2 signalling. 34. A nethod according
to claim32 or cI ai m33 wherein said Notch signalling
| S| 9 via Del t ex- 30 A nmet hod according to any one

of ' & alz}rscoﬁl?oﬁbt%% \ﬁﬁéPéijhng thPe 2pY et <Y Gladimp 1 to 9 for

olisgodendnegl iealtnphecet ST, CoE) BREHsPr 0B stRiKAl
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wherein said nmethod is 35 perforned in vitro or ex
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edgyng%dgtgéél%legpﬁgéect has SCI, Ms, epilepsy or stroke.

39. A conposition conprising F3 and NB- 3, or m rretl cs

t her eof,_ I c i Q W|tha arrie
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15 a pharnmaceuti cal conposition.

aé[tlﬁ‘feg%ﬁgtft%e@lfal m 41 which is fornmulated for
injection in vivo. 20 43. A conposition according to
claim42 which is formulated for direct injection
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€ GFPRTS9 T GT48R Y Ogs@iperthéot FRAtTENt of injury

or di sease to the CNS. 46. A conposition according to
43 for
aQ% on%. tgéghﬂ§ %1mu ating myelination of a neural axon,

comprising contacting a neuron or an oligodendroglial cell

with a composition according to any one of claims 1 to 9.

17. A method of treating a subject having disease of, or
injury to, the central nervous system, comprising
administering to the subject a pharmaceutical composition

according to any one of claims 7 to 9.

18. A method according to claim 17 wherein the subject has

SCI, MS, epilepsy or stroke.

19. A method of screening for a substance capable of
modulating interaction between Nogo and Caspr, the method
comprising contacting Nogo, Caspr and a candidate substance,

and determining the interaction between Nogo and Caspr.

20. A method according to claim 19 further comprising

contacting Nogo and Caspr in the absence of said candidate
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stroke. 47. Use of F3 and/or NB-3 in the preparation

wo@booaoss8d canent for the treatnment of injury BCT/GB2003/005329

di sease to the CNS. 35 48. Use of F3 in the
prepbiatd omdet atimediicanmenildquust henditrigatsnentdof

r..d t.he 157 WO
B80T CEr 05 00329 ol Bartint PSEFor
adm nistration in conbination with NB-3 or a mnetic
t2'ier e@sf meéll?od ghq:%og&lg? 'criauaeld}) %p%ﬁgﬂnofb OJ mgrlslng
medi cament for tteatnent of injury or di
ronthetiONSa whepkin teiweeneiiaramedt Caspf orith the candidate
adpipistyation in conbination with F3 or a mnetic
thereof. 50. A nethod of stinulating nyelination of a
neural axon, 10 conprising contacting a neuron or an
Qb'gog3ﬁgfﬂﬂﬂ|é@cogﬁkh ﬂMtQ%y ofOMPOTILERD PECY GhNEnRL Oy
any one of clainms 39 51. A nethod of treating
a78udf é&g%avﬁn@a%ﬁ%elefsérwentorm PAj e 2 1611t he
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arly ohe™BFRRd AGFOr4ing FUTIasD 2 WisrReE REDrdiengLt¥ogo
ehai tagdr heeepredel SUbnestvdasr S rodBedeRhl 8PS O
ke. 20 53. A nethod of screening for a substance
85; ble of nodulating interaction between Notch and
F3 and/or NB-3, the mnmethod conprising contacting F3
d/or, NB-3, Notch and a candi dat ubst
gtern1n|Fqul? Coﬁgé?%ﬂfigﬁybg?%wf ﬁémﬁbﬂgﬁkhﬁg gaerein
and/ of Nd303anB4Ca$pnnﬂshmdmemxmnséungnt@ «dldidmsb8port.
further conprising contacting Notch and F3 and/ or
NB-3 in the absence of said candidate substance under
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ti.on d F r 5. A
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\é"ct:grcﬁ;nﬁg t%aﬁgﬂfd@ﬁee o%u%§5.@rg§el9 to 24, the further step of

formulating said substance with a pharmaceutically acceptable

carrier.

26. A method according to claim 25 comprising the further

step of optimising said substance for administration in vivo.
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35 56. A method according to any one of clainms 53 to
55 wherein one of F3, NB-3 and Notch is present in or

wWoR00a/082389 . 158 WO 2004/ 052389 PCT/ GB2003/ 0053RPCT/GBZ003/805329

met hod according to claimb56 wherein said one of F3,
NB-3 dnédeRBee Pt $térplastet Fisareanviedtien PhAtroduced
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or claim57 wherein Notch is present on a cel
STCal e IFRIAEREY Ret HodresHEF PE &8 thd&Ber Wi n g>r|\|@t Bhuetic
sdgrakhéng. 10 59. A nethod according to claimb58
conprising determining Notch signalling via Deltex-1.
60. A nmethod according to any one of clains 53 to 59

wieer eim me@A6d of £ &lmuBaalr@Mél@aﬁiﬁu&q igmabhbised a%na
solid, S%B ort. . A_met hod, of nanufacturlng
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30. A method according to claim 29 wherein F3 and NB-3 are

present as a complex.

31. A method according to any one of claims 27 to 30 wherein
the F3, NB-3 or mimetics thereof bind to Notch on the surface

of the oligodendrocyte or precursor thereof.

32. A method according to claim 31 wherein said binding

induces Notch signalling.

33. A method according to claim 32 wherein said binding

induces Notch 1 or Notch 2 signalling.

34. A method according to claim 32 or claim 33 wherein said

Notch signalling is via Deltex-1.
35. A method according to any one of claims 27 to 34 wherein
the precursor is an oligodendroglial precursor cell (OPC) or a

neural stem cell (NSC).

36. A method according to claim 35 wherein said method is

performed in vitro or ex vivo.
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37. A method according to claim 36, wherein, after said
contacting step, said OPC or NSC is introduced into a subject

having disease of, or injury to, the central nervous system.

38. A method according to claim 37 wherein said subject has

SCI, MS, epillepsy or stroke.

39. A composition comprising F3 and NB-3, or mimetics

thereof, in combination with a carrier.

40. A composition according to claim 39 comprising a complex

between F3 and NB-3, or a mimetic thereof.

41. A composition according to claim 39 or claim 40 which is

a pharmaceutical composition.

42. A composition according to claim 41 which is formulated

for injection in vivo.

43. A composition according to claim 42 which is formulated

for direct injection into the CNS.

44, A composition according to any one of claims 39 to 43 for

use in a method of medical treatment.

45. A composition according to any one of claims 39 to 43 for

use in the treatment of injury or disease to the CNS.

46. A composition according to any one of claims 39 to 43 for

use in the treatment of SCI, MS, epilepsy or stroke.

47. Use of F3 and/or NB-3 in the preparation of a medicament

for the treatment of injury or disease to the CNS.

48. Use of F3 in the preparation of a medicament for the

treatment of injury or disease to the CNS, wherein the
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medicament is for administration in combination with NB-3 or a

mimetic thereof.

49, Use of NB-3 in the preparation of a medicament for the
treatment of injury or disease to the CNS, wherein the
medicament is for administration in combination with F3 or a

mimetic thereof.

50. A method of stimulating myelination of a neural axon,
comprising contacting a neuron or an oligodendroglial cell

with a composition according to any one of claims 39 to 43.

51. A method of treating a subject having disease of, or
injury to, the central nervous system, comprising
administering to the subject a pharmaceutical composition

according to any one of claims 41 to 43.

52. A method according to claim 51 wherein the subject has

SCI, MS, epilepsy or stroke.

53. " A method of screening for a substance capable of
modulating interaction between Notch and F3 and/or NB-3, the
method comprising contacting F3 and/or NB-3, Notch and a
candidate substance, and determining the interaction between

Notch and F3 and/or NB-3.

54. A method according to claim 53 further comprising
contacting Notch and F3 and/or NB-3 in the absence of said
candidate substance under otherwise analogous conditions, and

determining the interaction between Notch and F3 and/or NB-3.
55. A method according to claim 53 or 54 comprising
contacting a complex between Notch and F3 and/or NB-3 with the

candidate substance.

56. A method according to any one of claims 53 to 55 wherein

one of F3, NB-3 and Notch is present in or on a cell.
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57. A method according to claim 56 wherein said one of F3,
NB-3 and Notch is expressed from a vector introduced into said
cell.

58. A method according to claim 56 or claim 57 wherein Notch
is present on a cell surface, and the method comprises

determining Notch signalling.

59. A method according to claim 58 comprising determining

Notch signalling via Deltex-1.

60. A method according to any one of claims 53 to 59 wherein

one of F3, NB-3 and Notch is immobilised on a solid support.

61. A method of manufacturing a pharmaceutical formulation
comprising, having identified a substance capable of
modulating interaction between Notch and F3 and/or NB-3 by a
method according to any one of claims 53 to 59, the further
step of formulating said substance with a pharmaceutically

acceptable carrier.

62. A method according to claim 61 comprising the further

step of optimising said substance for administration in vivo.
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